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I'AR r I - THE SCHEDULE 

XCJ.IPN-B- -z.- SUPPLIES OR SERVICES ANl.PRIc&!COSTS 

B.l SUPPLIES AND/OR SERVICES TO BE FURNISHED (NASA 18-52.210-72) 
(DEC 1988) 

The Contractor shall provide all resources (exce t as may be expressly 
stated in this contract as furnished by the Government P necessary to furnish the 
required supplies and/or services in accordance with the Description/ 
Specifications/Work Statement in Exhibit A. 

R.? ESTIMATED COST AND FIXED FEE (NASA 18-52.216-74) 
(DEC 1991) 

The estimated cost of this contract is $ exclusive of the fixed fee 
of $ . The total estimated cost. and fixed fee is $ . 

H. 1 ~:ONTRACT FUNDING (NASA 18-52.232-RI) (JUN 1990) 

(a) For purposes of payment of cost, exclusive of fee, in accordance with 
t.he I.imitation of Funds clause, the total amount allotted by the Government to 
thi5 c:oritract is $ and covers the following estimated period of 
performance: . . 

(b) An additional amount of $ 
payment of Fee. 

is obligated under this contract for 

I{ . 4 ADMINISTRATION OF CONTRACT FUNDING (LaRC 52.232-100) (OCT 1992) 

A. The Contractor agrees that all future incremental funding shall be 
a(:complished by Administrative Change Modification and that the funding procedure 
shall in no way change the Contractor's notification obligations as set forth in 
the "Limitation of Funds" clause. 

B. In addition to the requirements of the "Limitation of Funds" clause, the 
Corlt.r~;\c*tor~ shall notify the Contr.act.irtg Officer in writing if, at any time, the 
Contractor has reason to believe that the total cost to the Government for the 
complete performance of this contract will he greater or substantially les-, than 
the then total estimated cost of the contract. Such notification shall give a 
t.eviced estimate of the total cost fat, the performance of this contract. 

Lt.5 LEVEL-OF-EFFORT 

A. In the performance of work under this contract, the Contractor is 
ohligated to provide up 1.u TBD ~Iir-r~~l: l~l~)r hours as def itm-l in paragraph R. 
helow. 

H. "Direct labor hours" are tha<e productive hours expended by Contractor 
~~~~~*sonnel in performing work under. t,h is crmtl-act that are charqed as direct labor 
IlndfBr, the Contractor*' 5 establi:hed a(-rorrntirl(! policy and procedures. The term 
IlOP~~ Ilot include sick IP*vet. ~1~3f..It:~~11, !lolifi,3!/ \eavp, Inii'ita\r.v leave, or any type 
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SECTION E - INSPECTION ANDACCEPTANCE 

E.l INSPECTION OF SUPPLIES - COST-REIMBURSEMENT (FAR 52.246-3) 
(APR 1984) 

(a) Definitions. "Contractor's managerial personnel," as used in this clause, 
means any of the Contractor's directors, officers, managers, superintendents, or 
equivalent representatives who have supervision or direction of-- 

(1) All or substantially all of the Contractor's business; 
(2) All or substantially all of the Contractor's operation at a plant or 

separate location at which the contract is being performed; or 
(3) A separate and complete major industrial operation connected with 

performing this contract. 
"Supplies," as used in this clause, includes but is not limited to raw 

materials, components, intermediate assemblies, end products, lots of supplies, 
and, when the contract does not include the Warranty of Data clause, data. 
(b) The Contractor shall provide and maintain an inspection system acceptable to 
the Government covering the supplies, fabricating methods, and special tooling 
under this contract. Complete records of all inspection work performed by the 
Contractor shall be maintained and made available to the Government during 
contract performance and for as long afterwards as the contract requires. 
(c) The Government has the right to inspect and test the contract supplies, to 
the extent practicable at all places and times, including the period of 
manufacture, and in any event before acceptance. The Government may also inspect 
the plant or plants of the Contractor or any subcontractor engaged in the contract 
performance. The Government shall perform inspections and tests in a manner that 
will not unduly delay the work. 
(d) If the Government performs inspection or test on the premises of the 
Contractor or a subcontractor, the Contractor shall furnish and shall require 
subcontractors to furnish all reasonable facilities and assistance for the safe 
and convenient performance of these duties. 
(e) Unless otherwise specified in the contract, the Government shall accept 
supplies as promptly as practicable after delivery, and supplies shall be deemed 
accepted 60 days after delivery, unless accepted earlier. 
(f) At any time during contract performance, but no later than 6 months (or such 
other time as may be specified in the contract) after acceptance of the supplies 
to be delivered under the contract, the Government may require the Contractor to 
replace or correct any supplies that are nonconforming at time of delivery. 
Supplies are nonconforming when they are defective in material or workmanship or 
are otherwise not in conformity with contract requirements. Except as otherwise 
provided in paragraph (h) below, the cost of replacement or correction shall be 
included in allowable cost, determined as provided in the Allowable Cost and 
Payment clause, but no additional fee shall be paid. The Contractor shall not 
tender for acceptance supplies required to be replaced or corrected without 
disclosing the former requirement for replacement or correction, and, when 
required, shall disclose the corrective action taken. 
(g) (1) If the Contractor fails to proceed with reasonable promptness to perform 
required replacement or correction, the Government may-- 

(i) By contract or otherwise, perform the replacement or correction and 
charge to the Contractor any increased cost or make an equitable reduction in any 
fixed fee paid or payable under the contract; 
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E.3 FINAL INSPECTION AND ACCEPTANCE (LARC 52.246-94) (OCT 1992) 

Final inspection and acceptance uf all items specified for delivery under 
this contract shall be accomplished by the Contracting Officer or his duly 
authorized representative at destination. 

S!irnN f.L DELIVERIES OR PERFORMANCE 

F.l S~~P-WORK ORDER (FAR 52.212-13) (AUG 1989) 

(a) The Contracting Officer may, at any time, by written order to the Contractor, 
require the Contractor to stop all, ur arly part, of the work ca.lled for by this 
contract for a period of 90 days after the order is delivered to the Contractor, 
and for any further period to which the parties may agree. The order shall be 
specifically identified as a stop-work order issued under this clause. Upon 
receipt of the order, the Contractor, shall immediately comply with its terms and 
take all reasonable steps to minimize the incurrence of costs allocable to the 
work covered by the order during the period of work stoppage. Within a period of 
90 days after a stop-work order is delivered to the Contractor, or within any 
extension of that period to which the parties shall have agreed, the Contracting 
(Ifficer shall 
either. - 

(1) Cancel the stop-work order; or 
(2) Terminate the wo'rk covered b,y the order as provided in the Default, or 

the Termination for Convenience of the Government, clause of this contract. 
(1,) If (1 stop-work order issued utidel* thir. ~.lause is canceled or the period of 
t.he order or any extension thereof expires, the Contractor shall resume work. The 
Contracting Officer shall make an equitable adjustment in the delivery schedule or 
contract price, or both, and the contract shall be modified, in writing, 
acco\,dingly, if - 

(1) The stop-work order results in an increase in the time required for, or 
in the Contractor's cost properly allocable to, the performance of any part of 
this contract; and 

(2) The Contractor asserts its right to the adjustment within 30 days after 
the end of the period of work stoppage; pro_v.i&& that, if the Contracting Officer 
decides the facts justify the action, the Contracting Officer may receive and act 
up011 the claim submitted at any time before final payment under this contract. 
(c) If a stop-work order ir, not canceled and the work covered by the order is 
terminated for the convenience of the Goverrlment, the Contracting Officer shall 
allow reasonable' costs resulting frotll t.llo stop-work order in arriving at the 
terreirlation settlement. 
(d) If a stop-work order is not canceled and the work covered by the order is 
terminated for default, the Contracting Officer shall allow, by equitable 
ad,ju;tment or otherwise, treasonable !-oTty rp:ulting from the stop-work order. 

i'.2 PERT00 OF PERFORMANCE (NASA 1fJ-52.212-74) (OEC 1988) 

Ihe period of performance nf t.hi-. contract shail be 60 months from the 
!?ffect.ive date of the corltract. 
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F.3 PLACES OF PERFORMANCE 

The places of performance shall be the Contractor's facility and NASA, 
Langley Research Center, Hampton, Virginia 23681-0001. 

F.4 PLACE OF DELIVERY 

Delivery of all items hereunder shall be f.o.b. Langley Research Center. 

F.5 REPORTS AND DOCUMENTATION DELJVERY 

The Contractor shall provide to the tiovernment all reports and items of 
documentation as required by the SOW, Section I (Contract Clauses), and Exhibit 6 
(Contract Documentation Requirements). 

.s ECTIV_N_L_L CONTRACT ADMINISTRATION DfiJJ 

G.1 CONTRACT CLOSEOUT (LARC 52.%42-90) (JIJN 1988) 

A. Reassignment --After receipt, inspection, and acceptance by the - 
tiovernment of all required articles and/or services, and resolution of any pending 
issuer, raised during the Period of Performance, this contract will be reassigned 
to the NASA Langley Research Center Cun(.racting Officer for Contract Closeout. 
All transactions subsequent to the physical completion of the contract should, 
therefore, be addressed to the said Contracting Officer at NASA Langley Research 
Center, Mail Stop 126, whs may be reached by telephone at (804) 864-2462. 

8. "Quick Closeout" --Paragrapll (f) of the Allowable Cost and Payment clause 
of this contract addresses the "Quick Closeout Procedure" delineated by Subpart 
42.7 of the Federal Acquisition Regulation (FAR). It should be understood that 
the said procedure applies to the settlement of indirect costs for a specific 
contract in advance of the determination of final indirect cost rates when the 
amount of unsettled indirect cost to be allocated to the contract is relatively 
insignificant. Therefore, the "Quick Closeout" procedure does not preclude the 
provisions of paragraph (d) of the Allowable Cost and Payment clause nor does it 
constitute a waiver of final audit of the Contractor's Completion Voucher. 

C. Completion Voucher Submittal --Notwithstanding the provisions of the 
Allowable Cost and Payment clause, as soon ils practicable after settlement of the 
Contractor's indirect cost rates applicable to performance of the contract, the 
Contractor shall submit a Completiun Voucher as required by the aforesaid clause. 
The Completion ,Voucher shall be suppurterl hv a cumulative claim and reconciliation 
statpment and executed NASA Forms 778, Contractor's Release, and 780, Contractor's 
Assignment of Refunds, Rebates, Credits, and Other Amounts. Unless directed 
otherwise by the Contracting Officer for Contract Closeout, the Contractor shall 
forward the said Completion Voucher directly to the cognizant Government Agency to 
which audit. functions under the cont.1,dlc.t have been delegated. 

G . 2 'iUl3MISSION OF INVOICES 

Proper invoices, as determined under. t.he Section I clause entitled "PromDt 
Paywnt , " \hall be atltire~sed to tltp de\iqna~ed payment office shown in Rloc-L i2 on 
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Page 1 of this contract. 
Government Audit Agency, 

Cost invoices shall be submitted through the delegated 
which shall he the designated billing office. Fee 

invoices shall be submitted through the NASA Contracting Officer with a copy to 
the delegated Audit Agency. 

G .3 PAYMENTS--COST AND FIXED FEE 

Payments of cost shall be made in monthly installments. Payments of fixed 
fee shall be made in monthly installments based upon percentage of completion of 
work as determined by the Contracting Officer- and subject to the withholding 
provisions of the Section I clause entitled "Fixed Fee." 

sEcl!au!-l SPECIAL CONTRACT REQUIREMENTS ~- --- 

H.1 RIGHTS ~0 PROPOSAL DATA (TECHNICAL) (FAR 52.227-23) (JuN 1987) 

txcept for data conTained on pages _ , it is agreed that as a 
condition of award of this contract, and notwithstanding the conditions of any 
notice appearing thereon, the tiovernmcrnt shall have unlimited rights ('as defined 
itt the "Riyhts in Data - General" cl;luse contained in this contract) in and to the 
technical data contained in the proposal dated . -.._- --_ --_ I upon which this 
r:ont.ract is based. 

tl 2 KLY PERSONNEL AND FACILITIES (NASA 1822.235-71) (MAR 1989) 

(a) The personnel and/or facilitie< listed helow (or specified in the Contract 
Schedttlc) are considered essential to the work being performed under this 
contract. Before removing, replacing, or diverting any of the listed or specified 
personnel or facilities, the Contractor shall (1) notify the Contracting Officer 
l+aconably in advance and (2) submit justification (including proposed 
substitutions) in sufficient detail to permit evaluation of the impact on this 
contract. 
(b) The Contractor shall make no diversion without the Contracting Officer's 
written consent; provided, that the Contracting Officer may ratify in writing the 
proposed change, and that ratification shall constitute the Contracting Officer's 
consent required by this clause. 
(c) The list of ersonnel and/or* facilities (shown below or as specified in the 
Contract Schedule P may, with the consent of the contracting parties, be amended 
fry time to time,during the course of the contract to add or delete personnel 
and/or facilities. 

To t2e Negotiated 

H. 3 YTATEMENT OF EQUIVALENT RATff FOR FFDERAL HIRES (FAR 52.222-42) 
(MAY 1989) 

In compliance with the Service Contract Act of 1365, as amended, and the 
r~ecrulations of the Secretary of Labor (2(! CFR Part 4), this clause identifies the 
~;d?,ie?5 of service employees expe! twl to ho wployd under the contract and statps 
the wages and fringe benefit; pay~~ble to ~a~9 if they were employed by the 
r?ntr*ac:;ng agency c,ub.j”rt +o 'hr-I :~c'I‘;\';;v~: e)f 3 '!.>.c. 5341 Tr 5332. 
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THIS STATEMENT IS FOR INFORMATION ONLY: IT IS NOT A WAGE DETERMJNATION 

Cg)lo_y?.e Class Monetary Waqe 

System Safety Analyst $16.11 

NDE Technician III $12.05 

Staff Assistant $10.89 

Administrative Assistant S 8.79 

$12.05 

Technician II f 9.80 

NDE Technician I 

Technician I 

S 7.85 

$ 7.85 

Drafter 1 

Word Processor f 7.00 

f 7.85 

Tltc.ilily CM Program Librarian $ 7.00 

Clerk 6 6.41 

1.1~1 NGC BENEFITS --.--. -.---- 

- Receives 13 days paid leave for service up to 3 years; 20 
days for 3 to 15 years service; and 26 days for 15 years 
service or over. 

Sick Leave _. ..- __--. - Receives I3 days paid leave per year. 

- Receives 10 paid holidays per year. 

tlealt,h-I!j.surance - Government pavs IJ~ to 60% of health insurance. 

Group. J.i,f_q--Insurance - Government. pa,ys two-thirds of life insurance rate 
premiums. 

Retirement - The Government provides three retirement plans identified 
as the Civil '+rvire Retirement System (CSRS), the Federal 
Employees Retirement jystem (FERS), and the CSRS Offset. 
Under the CSRII, the Government contributes 7% of the 
employees' base pay towards the retirement benefit and 
1.4% towards Medicare. Under the FERS, the Government 
contributes 12.3':: of the employees' base pay toward7 2 
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basic benefit plan, 6.2% to Social Security, 1.45% towards 
Medicare, and l'?d (plus matching contributions of up to 4% 
of basic pay, depending on employees' contributions) to a 
thrift savings plan. Under the CSRS Offset, the Government 
contributes 0.85 of the employees' base pay towards the 
retirement benefit, 6.2% to Social Security, and 1.45% 
towards Met1icar.e. 

Part-time Federal employees receive pro rata annual leave, sick leave, holiday 
leave, health insurance, and group life insurance benefits based on the number of 
hours worked. 

II. 4 I_IST OF INSTALLATION-PROVIDED PROPERTY AND SERVICES 
(NASA 18-52.245-77) (MAR 1989) 

In accordance with the Installation Provided Government Property clause of 
t li i a, f'f~tlf I'clct, the Contractor is authorired use of the types of property and 
services listed below, to the extent they are available, while on-site at the NASA 
installation. In addition, the items marked by an asterisk (*) will be available 
for use by both on-site and off-site Contractor personnel. 

(a) Office space, work area space, and utilities. The Contractor shall use 
Gc~vernmerlt telephones for official purposes only. 

(b) General- and special-purpose equipment, including office furniture. 

(1) Equipment to be made available to the Contractor for use in 
performance of this contract on-site and at such other locations as approved by 
the Contracting Officer is iisted in Exhibit C. The Government retains 
accountability for this property undet* the Installation-Provided Government 
Pr'oll~~r*t.y clause, regardless of its ,lulhor*i~~d location. 

(2) If the Contractor acquires property as a direct cost under this 
contract, this property also shall become accountable to the Government upon its 
entry into the NASA Equipment Management System (NEMS) in accordance with the 
pr*opPrty-reporting requiremeritr; of thic\ contract. 

(3) The Contractor shall not brirlg on-site for use under this contract 
;~ny property owned or leased by the Contractor, or other property that the 
Contractor is accduntable for under any other Government contract, without the 
(:Ontrfu-ting Officer's prior, writterl approval . This restriction does not pertain 
t.o the Contractor-furnished vehicle;. 

(c) Building maintetlancc for fncilitiecz occupied by Contractor personnel. 

(tf) Moving and hauling for ItlcJvpment elf large equipment and delivery r)f 
:.upp I i p:; , Moving servi(.rls shall IW ~~t'~vi(l~(I on-site, as Approved by the 
(:ontr,-ic,t ing Officer.. 
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following property management directives and installation supplements to these 
Uiroctives: 

(1) NH6 4200.1, NASA Equipment Management Manual. 
(2) NHB 4200.2, NASA Equipment Management System (NEMS) User's Guide 

for Property Custodians. 
(3) NHB 4300.1, NASA Personal Property Disposal Manual. 
(4) NHB 4100.1, NASA Materials Inventory Management Manual. 

*(f) Material analysis capability. 

*(g) Access to LaRC's computer from the Contractor's local facility via 
modem. 

*(h) Access to LaRC's library facilities and engineering .drawing files. 

*(i) Government material cards issued to permit authorized Contractor 
personnel to draw from the LaRC store issue supplies, provided such withdrawals 
are approved by the COTR. 

"(j) Emergency medical treatment, primarily of a first aid nat,ure for 
injuries and illnesses sustained on duty at LaRC; and pre-assignment, periodic and 
termination examinations for employees engaged in hazardous duties. 

*(k) Fuel, scheduled maintenance, parts and repairs (except those covered by 
manufacturer's warranty) for all Contractor-provided vehicles. 

*(l) Cafeteria privileges for Contractor employees during normal operating 
hou I'S . 

*(m) On-Center mail delivery service. 

II. 5 OBSERVATION OF REGULATIONS AND IDENTIFICATION OF CONTRACTOR'S 
EMPLOYEES (LaRC 52.212-104) (MAR 19g2) 

A. Observation of Regulations-- In performance of that part of the contract 
wurk which may be performed at Langley Research Center or other Government 
installation, the Contractor shall require its employees to observe the rules and 
regulations as prescribed by the authorities at Langley Research Center or other 
installation. 

n. Identi,ficatinn Badges --At all times while on LaRC property, the 
Contractor shall require its employees, sub(.ontractors and agents to wear badges 
which will be issued by the NASA Contract Badge and Pass Office, located al 
I Langley Boulevard (Building No. 12211). Badges shall be issued only between the 
hour? of 6:30 a.m. and 4:.30 p.m., Monday tht*ough Friday. Contractors will be held 
~~ccountable for these badges, and may be required to validate outstanding badges 
on an annual basis with the NASA LaRC 'lecurity Office. Immediately after employee 
termination or contract completion, badges shall be returned to the NASA Contract 
Uadqe and Pass Office. 
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H.6 VIRGINIA AND LOCAL SALES TAXES (L;IRC 52.229-92) (APR 1992) 

To perform this contract, the Contractor must be knowledgeable of relevant 
state and local taxes when making purchases of tangible personal property. The 
Contractor shall refrain from paying nonapplicable taxes or taxes where an 
exemption exists, but shall pay applicable taxes that are reimbursabie pursuant to 
FAR 31.205-41, Taxes. Even though title to property purchased under this contract 
may pass to the Government and the price is reimbursable under contract cost 
pr‘incipIes, such transactions do not in themselves provide tax immunity to the 
Contractor. Therefore, within 30 days after the effective date of this contract, 
the Contractor shall request from the Virginia State Tax Commission a ruling on 
any tax exemptions that may be applicable to purchases made ur,der this contract. 
The Contractor shall provide all facts relevant to the situation and shall pursue 
an interpretation of the law that is most favorable to both the Contractor and the 
Guvr I’lllllcll t . 

H.7 WAGE DETERMlNATIONS AND FRINGF-BENEFITS (LaRC 52.237-90) 
(NOV 1990) 

The Register of Waye Determirlatiurls anti Fringe Benefits, Number 78-1030 
(Rev. 23), dated August 8, 1992 lists the wage rate and fringe benefits for 
clf!siynatPd labor classification< which shall be the minimum paid under this 
contract. See Exhibit E for.a copy of this wage determination. This 
determination constitutes the "attachment" as referred to in paragraph (a), 
(:ompensat,ion, of the Section I clause entitled "Service Contract Act of 1965.” 

H.H AUTOMATED INFORMATION SECURITY (AIS) PROGRAM/EMPLOYEE NATIONAL 
AGENCY CHECK (NAC) AND USER AGREEMENT EXECUTION (LaRC 52.239-90) 
(MAY 1991) 

A. Work to be performed under this contract requires access to ADP 
equ i pmcnt and processing areas. Therefore, the Contractor shall comply with the 
requirements of NASA's Automated Information Security Program. This program is 
separate and distinct from security programs for safeguarding classified 
information. Prior to performing any work in restricted-access computer rooms or 
accessing NASA ADPE (either remotely or on-site at LaRC), all Contractor employees 
must. have a favorable NAC completed. The Contractor shall submit a properly 
executed NASA Form 531 (NF 531), Name Check Request, to the CaRC Security Officer, 
Mail Stop 182, for each Contractor employee who will work in restricted access 
comprlter rooms and/or acc-ess NA?A ADPE. In addition, each such employee is 
rsquirecl to be fingerprinted at the LaRC Badge and Pass Office, Building 1228, or 
by any authorized agency or department utilizing Fingerprint Card FD-258. 
Appruximately 75 days are required to complete the NAC after receipt of the NF 531 
and FD-258. The NAC is not required if an employee has a Secret or higher 
clearance. When it is necessary for rjt~ employee to perform any work in restricted 
l~cc~:~~; computer rooms prior- to kornl~letion of the NAC, the employee may be escorted 
whiIt.> at the site by an individual who has a 
irrv?;tiyation favorlbly adjudicated, 

favorable NAC or a higher level of 
or a Secret or higher clearance, or as 

otherwise approved by the Security Offire!*. Employees may access NASA ADP 
Ctqrli~~twnt prior to completion of t.11~ NA( only (7s ?pprovwi by the LaRC Security 
Off ir-pr on a case-by-casf3 has i 5. 
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B. The Contractor shall insure that all Contractor personnel execute a user 
agreement, Form No. ACD N-865, Responsibilities of Users of the NASA/LaRC Central 
Scientific Computer Complex, and any other forms that may be required by the 
Government prior to having access to NASA ADP resources. Unauthorized access to 
and/or use of LaRC computing systems is a violation of law and punishable under 
the provisions of 18 USC 1029, 18 USC 1030, and other applicable statutes. For 
compliance with Center Computer security policy, the Contractor shall promptly 
notify the Contracting Officer's Technical Representative (COTR) when an 
authorized user employee no longer requires computer access. 

H.9 INCORPORATION OF SECTION K OF THE PROPOSAL BY REFERENCE 

Pursuant to FAR 15.406-1(b), the completed Section K of the proposal dated 
is hereby incorporated herein by reference. 

H.10 SUBCONTRACTING PLAN* 

The approved Contractor plan for subcontracting with small business and 
small disadvantaged business concerns is attached hereto as Exhibit D and is 
hereby made a part ofthis contract. 

H.ll EVIDENCE OF INSURANCE 

The Contractor shall submit evidence of the insurance coverage, required by 
the NASA Clause 18-52.228-75 in Section I entitled "Minimum Insurance Coverage" 
('. a Certificate of Insurance or other confirmation), to the Contracting 
Oif:cer prior to performing under this contract. In the event the Government 
exercises its options to extend the term of the contract, the Contractor shall 
also present such evidence to the Contracting Officer prior to commencement of 
performance under the extension. 

H.12 CONSENT TO SUBCONTRACT** 

Notwithstanding the provisions of FAR 52.244-2, Subcontracts (Cost 
Reimbursement and Letter Contracts) (JUL 1985) Alternate I (APR 1985), the 
Contractor shall obtain the Contracting Officer's consent before award of a 
subcontract exceeding $25,000. 

H.13 OPTION TO PURCHASE CONTRACTOR-PROVIDED VEHICLES*** 

At the end of the contract period of performance, the Contractor grants the 
Government the following options regarding any Contractor-provided vehicles 
purchased for and used in performance of this contract: (1) The Contractor 
agrees to sell the vehicles to a successor Contractor at their depreciated value 

*Not applicable to Small Business. 
**If the Contractor has an approved purchasing system, this clause may be 

deleted. 
***Applicable clause will be negotiated into the contract. Reference Attachment 7 

for Contractor-furnished vehicle requirements. 
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based on the Contractor's depreciation schedule; or (2) The Contractor agrees to 
sell the vehicles to the Government at their depreciated value based on the 
Contractor's depreciation schedule; or (3) The Contractor agrees to utilize the 
depreciated vehicles on a follow-on contract if the Contractor is the successor 
Contractor; or (4) The Contractor agrees to sell the vehicles for their fair 
market value within 90 days after the end of the period of performance and to 
credit the contract for the amount of any excess of the sale price minus the 
depreciated value and selling expenses. The Government may exercise one of the 
above options by unilateral modification issued to the Contractor not later than 
30 days after the end of the contract period of performance. 

H.14 OPTION TO TRANSFER LEASE ON CONTRACTOR-PROVIDED VEHICLES* 

The Contractor agrees to enter into a long-term lease(s) for any Contractor- 
furnished vehicles to be used in the performance of this contract, which is 
subject to being canceled if the prime Contractor does not continue to perform the 
contract throughout the useful life of the vehicles (e.g., the Contractor is not 
selected in a subsequent recompetition). The lease(s) shall have an option to 
transfer the lease(s) to a successor Contractor. 

H.15 PENSION PORTABILITY 

In order for pension costs attributable to prime Contractor employees 
assigned to this contract to be allowable costs under this contract, the plans 
covering such employees must: 

A. Comply with all applicable Government laws and regulations; 

6. Be a defined contribution plan, or multiparty defined benefit plan 
operated under a collective bargaining agreement where the plan follows the 
employee, not the employer; 

C. Provide for 100 percent employee vesting after no more than 1 year of 
continuous employment; 

D. Not be modified, terminated, or a new plan adopted without the prior 
written approval of the cognizant NASA Contracting Officer. 

H.16 OPTIONS 

A. Priced Options for Extended Services 

Pursuant to FAR 37.111 and to the Section I clause entitled "Option to 
Extend the Term of the Contract (MAR 1989)," the Contractor hereby grants to the 
Government options to extend the term of the contract for six additional periods 
of one month each. Such options are to be exercisable by issuance of a unilateral 
modification no later than one calendar day prior to the expiration of the 

*Applicable clause will be negotiated into the contract. Reference Attachment 7 
for Contractor-furnished vehicie requirements. 
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i 

TBD hours 

1 i fth 
Opt.ion 
Per. i orI TBD hours 

Sixth 
Option 
Prriorl TDD hours 

7. When any increment of the ahovc option is exercised, the contract 
cost and fee set forth in 6.2, Estimated Cost and Fixed Fee will be increased 
usirtq 1.119 appropriate rates set. forth helow: 

Rate Per 
Hour -_. __ 

lrli I i a1 Period cos f 
Fixed Fee 

r ir5I f)ption co5 t. 
Fixed Fee 

'lr(~ori4 Opt ion cost 
Fixed Fee 

rh i t.rI Opt ion cvs t 
Fix4 Fer 

I f~~ir1.h Option cost 
Fixed Pee 

Fi ftlt I)pt.ion cost 
Fixed Fre 

';ixt.li Option cost 
Fixed Fee 

f 

t 

PARI II - CONTRACT CLAUSCS 

:,T-.(:TION I : CQITRACT CLAUSES 

I 1 I ISTING OF CLAIJSFi INCORPORA'IClr IlY REFFRENCE: 

NOTICE: The following solicitation provisions and/or contract clauses 
pert inent. to this :ection are her.plly irrc:ot'l)ot.‘"l:ed by reference. 
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FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1) CLAUSES 

17 

CLAUSE NUMBER TITLE AND DATE 

52.202-l 
52.203-l 
52.2613-3 
52.203-S 
57.703-6 

Definitions (SEP 1991) 
Officials Not to Benefit (APR 1984) 
Gratuities (APR 1984) 
Covenant Against. (.Yotttingent Fees (APR 1984) 
Restrictions on Subcontractor Sales to the Government 

(JUL 1985) 
52.203-7 
52.203-10 

Anti-Kickback Procedures (OCT 1988) 
Price or Fee Adjustment for Illegal or Improper Activity 

(SEP 1990) 
!i7.;‘0?-h 

52.210-5 
52.312-11 
52.215-l 
52.215-Z - 
52.215-22 
52.215-24 
52.215-27 
52.215-33 
5:? . ;.I 1 s - 3 9 

Protecting the Government's Interest when Subcontracting with 
Contractors Debarred, Suspended, or Proposed for Debarment 
(NOV 1992) 

New Material (APR 1984) 
Defense Priority and Allocation Requirements (SEP 1990) 
Examination of Records b,y Comptroller General (FE6 1993) 
Audi t - Negotiation (FCB 1993) 
Price Reduction for Defective Cost or Pricing Data (JAN 1991) 
Subcontractur Cost or Pricing Data (DEC 1991) 
Termination of Defined Benefit Pension Plans (SEP 1989) 
Order of Precedence (JAN 1986) 
Reversion or Adjustment of Plans for Postretirement Benefits 

57 .?lG-7 
52.216-I\ 
57. :I I Y-n 

Other Than Pensions (JUL 1991) 
Allowable Cost ;rttrl Payment (JUL 1991) 
Fixed Fee (APR 1984) 

52.21(J-9 

Utilization of Small Business Concerns and Small Disadvantaged 
Business Concerns (FEB 1990) 

Small Business and Small Disadvantaged Business Subcontracting 
plcln (JAN 1991) 

57.219-13 
52.;!19-16 

Utilization of Women-Owned Small Businesses (AUG 1986) 
Li 

9 
uidated Damages - Small Business Subcontracting Plan 
AUG 1989) 

5?.220-3 
52.220-4 
!2.222-1 
52.222-3 
52.222-4 

57.2;!2-26 
5%. 222-m 

Utilization of Labor SU~*~~LJS Area Concerns (APR 1984) 
Labor Surplus Area Subcontracting Program (APR 1984) 
Notict: to the tiovernment of Labor Disputes (APR 1984) 
Convict Labor (APR l!Wl) 
Contract Work Ilours and Safety Standards Act - Overtime 

Comperisati 1~11 (MAR 1986) 
1 Equal Opportunity (API! 1.084) 

Equal Opportunity Preaward Clearance of Subcontracts 
(APR 1984) 

AffirmativP Action 1’or’ 'special Disabled and Vietnam Era 
Veterans (APR 11-lfl4) 

Affitmative Act.ion for Iiandicapped Workers (APR 1984) 
Clean Air. and WAter (APR 1984) 
Buy Americatl Ac-t - ',uppI ie; (JAN 1989) 
Restrictions on (:r?rYairr Foreign Purchases (APR 1991) 
Authorization anal f:otrsent (APR 1984) 
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57.777-2 

52 .;'?7-11 

52.227-14 

52.227-19 

52.228-7 
52.230-2 
S2.230-3 

52.230-5 
52.232-9 
sz.;!32-17 

- 52.232-22 Limitation of Funds (APR 1984)--as modified by NASA FAR 
Supplement 18-32.705-2 

52.232-23 Assignment. of Claims (JAN 1986) 7 
5;‘. 732-28 Electronic Funds Transfers Payment Methods (APR 1989)--as 

52.L'J3-1 
52.233-3 
53.:17-7 

52.237-3 
52,242-l 
5;'.243-2 

52.244-2 

52.244-5 
57.245-5 

52.246-25 
52.248-l 
52.249-6 
52.249-14 
‘,2.251-l r. ., ‘I L . 2 5 4-I 

Notice and Assistance Regarding Patent and Copyright 
Infringement (APR 1984) 

Patent Rights - Retention by the Contractor (Short Form) 
(JUN 1989)--as modified by NASA FAR Supplement 
18-52.227-11 

Rights in Data - General (JUN 1987) 
FAR Supplement 18-52.227-14 

-- as modified by NASA 

Commercial Computer, Software - Restricted Rights (JUN 1987)-- 
as modified by NASA FAR Supplement 18-52.227-19 

Insurance - Liability to Third Persons (APR 1984) 
Cost Accounting Standards (AUG 1992) 
Disclosure and Consistency of Cost Accounting Practices 

(AUG 1992) 
Administration of Cost Accounting Standards (AUG 1992) 
Limitation on' Withholding of Payments (APR 1984) 
Interest (JAN 1991) 

modified by NASA FAR Supplement 18-32.908 
Disputes (DEC 1991) Alternate I (DEC 1991) 
Protest After Award (AUG 1389) Alternate I (JUN 1985) 
Protection of Government Btlildings, Equipment and Vegetation 

(APR 1984) 
Continuity of Services (JAN 1991) 
Notice of Intent to Disallow Costs (APR 1984) 
Changes - Cost-Reimbursement (AUG 1987) Alternate II 

(APR 1984) 
Subcontracts (Cost-Reimllursement and Letter Contracts) 

(JUL 1985) Alternate I (APR 1985) 
Competition in Subcontracting (APR 1984) 
Government Property (Cost-Reimbursement, Time-and-Material, 

or Labor-Hour Contracts) (JAN 1986) 
Limitation of Liability - Services (APR 1984) 
Value Engineering (MAR 1989) 
Termination (Cost-Reimbursement) (MAY 1986) 
Excusable Dt+ys (APR lW4) 
Government Supply Sources (APR 1984) 
Computer Generated Forms (JAN 1991) 

NA!;A FAR SUPPLEMENT (48 CFR CIIAPTER 10) CLAUSES 

FlTLE.A.@ DATE 

IO-52.204-70 
ln-!i;'.204-7, 

l/J-??.?19-74 
lb-52 .;!19-76 
1n-52.223-70 
1n-5;.;f!n7. 70 

Report on NKA Subcontracts (NOV 1992) 
NASA Contractnt, fitl,trlci~?I Management Reporting 

(OEC 1988) 
Use of Rural Area 'ml1 Husinesses (SEP 1990) 
NASA Small Oisadv,lntaged Ousiness Goal (JUL 1991) 
jafety and Health (DEC I?&?! 
Emewvtl(.\, rvdt.1~~771.it~rl ?t’or:edllr‘es (CEC l!,UJa) 
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Observance of Legal llolidays (AUG 1992) 
Acquisition of Crntrally Reportable Equipment (MAR 1989) 
Inrtallntion-Prnviderf Government Property (MAR 1989) 

Alternate I (MAR 1989) 
Financial Reporting of Government-Owned/Contractor-Held 

Property (MAR 19119) 
Compliance wit.11 NA:A FAR Supplement (MAR 1989) 

1.2 CLAUSES IN FULL TEXT 

The clauses listed below follow in full text: 

52.2!j2-2 
5;' . LIrl3-9 

52.215-26 
5;:. -2-2 
!-';.I . :.:L';'-37 

5”. 222-41 
5% . ;';'.i-f, 
!I;!. ?.I?-25 
5;1.;'42-13 
57 .;'52-1; 
lM-57.704-76 

18-57.204-78 

18-52.209-71 
10-57.219-75 

18-52.242-70 

Clauses Incorporated by Reference (JUN 1988) 
Kequirement for Certificate of Procurement .Integrity - 

Modification (NOV 1990) 
Limitation on Payments to Influence Certain Federal 

Transactions (,.lAN 1990) 
Integrity of Unit Prices (APR 1991) 
Payment for Overtime Premiums (JUL 1990)- 
Employment Reports on Special Disabled Veterans and 

Veterans of the Vietnam Era (JAN 1988) 
Servil:e Contr*ar.t Act of 1965, as Amended (MAY 1489) 
Drug-Free Workplace (JUL 1990) 
Prompt Payment (SEP 1992) 
Bankruptcy (APK 1991) 
Aul.hori7ed Dev idt ions i II Clauses (APR 1984) 
'security Requirements for. Unclassified Automated Information 

Resources (JUN 1990) 
Security Plan for Unclassified Automated Information 

Resources (JAN 1392) 
Limitation of Future Contracting (DEC 1988) 
Small Business and Small Disadvantaged Business 

Subcontracting Reporting (SEP 1992) 
Technical Direction (MAR 1989) 

I .3 CLAUSES INCORPORATED BY REFERENCE (FAR 52.252-2) (JUN 1988) 

This contract incorporate; one or more clauses by reference, with the same 
force and effect as if they were qiven in full text. Upon request, the 
C:(III( I a:t ing Officer will make t.hpir T1rl1 I:ext. available. 

I .4 KEOUIREMENT FOR CERTTFICATt OF PROCURFMENT INTEGRITY--MOOIFICATION 
(FAR 52.203-9) (NOV 1990) 

((1) Definitions. The. definition5 <et forth in FAR 3.104-4 are hereby 
irrcr,r.pr)rdted in this clause. 
(I)) The Contractor agrees that it will exec:ute the certification set forth in 
paragraph (c) of this clause when requested by the contracting officer in 
c.onnccl.ion with the execution of any mcltlific~~f ion of this contract. 
(1.) C(Ar*tification. As r.eqrrirerf in paragraph (h) of this clause, the officer or 
ftmpIr)yse responsible for th? modification p~'~~pr~sal shall execute the followjng 
r.PrYifif~at.ion: 
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CERTIFICATE OF PROCUREMENT INTEGRITY--MODIFICATION (NOV 1990) 

(1) 1, -.---. _-__ - --. .-.. - 
[Name of c&Ziier] 

~. _ ___._ _._ 5 

am the officer or employee responsible for the preparation of this modification 
proposal and hereby certify that, to the best of my knowledge and belief, with the 
exception of any information described in this certification, I have no 
information concerning a violat.ion 01' J~ossihle violation of subsections 27(a), 
bL (d), or (f) of the Office of Federal Procurement Policy Act, as amended* (41 
U.S.C. 423), (hereinafter referred to as "the Act"), as implemented in the FAR, 
occurring during the conduct of this procurement 

-.---.- _-. . ..--. _ ._ 
(cont.rnct and modification number). 

(2) As required by subsection 27(e)(l)(B) of the Act, I further certify 
that., to the best of my knowledge and belief, each officer, employee, agent, 
representative, and consultant of .- . - ____. ------~_----.---..--. ----- 

[Name of Offeror] 
who has participated personally ar~cl subrtantially in the preparation or submission 
I>J this proposal has certified that he or she is familiar with, and will comply 
with, the requirements of subsection 27(d) (of the Act, as implemented in the FAR, 
and will report immediately to me any information concerning a violation or 
J)osr;ible violation of subsections 27((q), (h), (d), or (f) of the Act, as 
imJ)lPmentPd in the FAR, pertaining tn this pt.ocurement. 

(3) Violations or possible violations: (Continue on plain bond paper if 
necessary and label Certificate of Procurement Integrity--Modification 
(Continuation Sheet), ENTER NONE IF NONE EXJST)+_ _ .___ 

- .-.._ - _ -. _- .- - -_ _ _ .__-_-._ _.- _.. _ _ _ _-_~___ __ _-. _ 

---- .-._ -. -- _. ._ 

- --.-. .- ..__-_ --.--.- ---__ - ___ -- 
[Si(Jnature of the officer or employee responsible for the modification proposal 
411rl Cld t.e) 

.-- .--- _*-__-.. ..-_~ --- - --. ~--- 
[ivped name of the'officir b/ ernpJ-oi?F! 6sponsible for the modification proposal] 

kI)ut)sef.tions 27(a), (b), and (d) are +:fJective on December 1, 1990. 
Qlhsection 27(f) ir effective on ,Jurre I, J?Ol. 

TIII'; CERTIFICATION CONCERNS A MATTER WJTlfJN THE 3lJRISOICTION OF AN AGENCY OF THF 
UNIrEO STATES AND TtlE MAKJNG OF A FALLE, FICTITIOUS, OR FRAUDULENT CERTIFICATION 
MAY RENDER THE MAKER SUBJFCT TO PRC'SEC\lTIIlN UNDER TITLE 18, l)NlTED STATES CODE, 
ItEC 1 ION 1001. 

(Fit11 1.11 1 f:ri i f icdt,iofl) 
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(cl) In making the certification in paragraph (2) of the certificate, the officer 
or employee of the competing Contractor responsible for the offer or bid, may rely 
upon a one-time certification from each individual required to submit a 
certification to the competing Contractor, supplemented by periodic training. 
These certifications shall be obtained at the earliest possible date after an 
individual required to certify begins employment or association with the 
Contractor. If a Contractor decides to rely on a certification executed prior to 
suspension of Section 27 (i.e., prior to December 1, 1989), the Contractor shall 
ensure that an individual who has so certified is notified that Section 2.7 has 
been reinstated. These certifications shall be maintained by the Contractor for a 
period of 6 years from the date a certifying employee's employment with the 
company ends or, for an agency, representative, or consultant, 6 years from the 
date such individual ceases to act on behalf of the Contractor. 
(e) The certification required by paragraph (c) of this clause is a material 
representation of fact upon which reliance will be placed in executing this 
mod i f i cat ion. 

I I . .) LIMITATION ON PAYMENTS TO INFLUENCE CERTAIN FEDERAL TRANSACTIONS 
- (FAR 52.203-12) (JAN 1990) 

(a) Definitions. 
"Agenc.y , " as used in this clause, means executive agency as defined in 2.101. 
“Covered Federal action," as used in this clause, means any of the following 
Federal actions: 

(1) The awarding of any Federal contract. 
(7) The making of any Federal grant. 
(3) The making of any Federal loan. 
(4) The entering into of any cooperative agreement. 
(5) The extension, continuation, renewal, amendment, or modification of any 

Federal contract, grant, loan, or cuopei.ative agreement. 
"Jndian tribe" and "tribal organization," as used in this clause, have the 

meaning provided in section 4 of the Indian Self-Determination and Education 
Assistance Act (25 U.S.C. 4508) and include Alaskan Natives. 

"Influencing or attempting to influence," as used in this clause, means 
making, with the intent to influence, any communication to or appearance before an 
officer. or employee of any agency, a Member of Congress, an officer or employee of 
Gong res s , or an employee of a Member ot Congress in connection with any covered 
Federal action. 

"Local government," as used in this clause, means a unit of government in a 
StaLlA and, if chartered, established, or otherwise recognized by a State for the 
Performance of a governmental duty, including a local public authority, a special 
district, an intrastate district, a council of governments, a sponsor group 
representative organization, and any other instrumentality of a local government. 

"Officer or employee of an agency," as used in this clause, includes the 
following individuals who are employed by an agency: 

(1) An individual who is appointed to a position in the Government under 
Litlp 5, United States Code, including a position under a temporary appointment. 

(;I) A member of the uniformed set-vices, as defined in subsection 10!(3), 
L i 1. If* :17, United States Code. 

(3) A special Government ernploye?, a\ defined in section 202, title 18, 
IJn i t 4 St.ates Code. 
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(4) An individual who is a membc*r of a Federal advisory committee, as 
defined by the Federal Advisory Committee Act, title 5, United States Code 
appendix 2. 

"Person , " as used in this clause, means an individual, corporation, company, 
association, authority, firm, partnership, society, State, and local government, 
regardless of whether such entity is operated for profit, or not for profit. This 
term excludes an Indian tribe, tribal organization, or any other Indian 
organization with respect to expenditures specifically permitted by other Federal 
law. 

"Reasonable compensation," as used in this clause, means, with respect to a 
regularly employed officer or employee of any person, compensation that is 
consistent with the normal compensation for such officer or employee for work that 
is not furnished to, not funded by, or not furnished in cooperation with the 
Federal Government. 

"Reasonable payment," as used in this clause, means, with respect to 
professional and other technical services, a payment in an amount that is 
consistent with the amount normally paid for such services in the private sector. 

"Recipient," as used in this close, includes the Contractor and all 
~uhcoritractors. This term excludes an Indian tribe, tribal organization, or any 
r)th(\r* Indian organization with respclct to PxIjrnditures specifically permitted by 
other Federal law. 

"Regularly employed," as used in this clause, means, with respect to an 
officer or employee of a person requesting 01‘ receiving a Federal contract, an 
officer or employee who is employed by such person for at least 130 working days 
within one year immediately preceding the date of the submission that initiates 
agency consideration of such person for receipt of such contract. An officer or 
employee who is employed by such person for less than 130 working days within one 
year immediately preceding the date of the submission that initiates agency 
consideration of such person shall be considered to be regularly employed as soon 
as he or she is employed by such person for 130 working days. 

"State," as used in this clause, means a State of the United States, the 
District of Columbia, the Commonwealth of Puerto Rico, a territory or possession 
of the United States, an agency or instrumentality of a State, and multi-State, 
re ional, or interstate entity having governmental duties and powers. 
(by Prohibitions. 

(1) Section 1352 of title 31, United States Code, among other things, 
prohibits a recipient of a Federal contract, grant, loan, or cooperative agreement 
fr*om using appropriated funds to pay any person for influencing or attempting to 
inll~~e~~cc! an officer or employee uf sty agency, a Member of Congress, an officer 
9r employee of Congress, or an employee of a Member of Congress in connection with 
~11t.y of the followiny covered Federal actions: the awarding of any Federal 
f~ontract.; the making of any Federal grant.; the making of any Federal loan; the 
rltt.er*ing into of any cooperative agreement; 01' the modification of any Federal 
cr)ntract, grant, loan, or cooperative ayreement. 

(2) The Act also requires Contractors to furnish a disclosure if any funds 
(Ither, thrln Federal appropriated funds (including profit or fee received under a 
cover4 Federal transaction) hdvp beer) paid, or will be paid, to any person for 
influencing or attempting to influenc:e an officer or employee of any agency, a 
Member of Congress, an officer or employee of Congress, or an employee of a Member 
of Congress in connection with a Tefle?.al contract, grant, loan, or cooperative 
,I(\, ~~lllr'lt , 
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(3) The prohibitions of the Act (1~ not apply under the following 
c:onriitions: 

(i) Agency and legislative liaison by own employees. 
(A) The prohibition on the use of appropriated funds, in 

subparagraph (b) (1) of this clause, does not. apply in the case of a payment of 
reasonable compensation made to an officer or employee of a person requesting or 
receiving a covered Federal action if the payment is for agency and legislative 
liaison activities not directly related to a covered Federal action. 

(8) For purpose s of subdivision (b)(3)(i) (A) of this clause, 
providing any information specifically requested by an agency or Congress is 
permitted at any time. 

(C) The followiny agency and legislative liaison activities are 
permitted at any time where they are not related to a specific solicitation for 
arly covered Federal action: 

(1) Discussing with an agency the qualities and 
characteristics (including individual demonstrations) of the person's products or 
services, conditions or terms o.f sale, and service capabilities. 

(2) Technical discussions and other activities regarding 
the application or adaptation of the person'~ products or services for an agency's 
use. 

(D) The following agency and legislative liaison activities are 
permitted where they are prior to formal solicitation of any covered Federal 
action - 

(1) Providing any information not specifically requested 
hut necessary for an agency to make an informed decision about initiation of a 
covered Federal action; 

(2) Technical discussions regarding the preparation of an 
unsolicited proposal prior to its official submission; and 

(3) Capability presentations by persons seekivg awards from 
an agency pursuant to the provisions of the Small Business Act, as amended by Pub. 
l.. 05-507, and subsequent arnendments. 

(E) Only those services expressly authorized by subdivision 
(b)(3)(i)(A) of this clause are permitted under this clause. 

(ii) Professional and technical services. 
(A) The prohibition on the use of appropriated funds, in 

subparagraph (b)(l) of this clause, does not apply in the case of - 
(1) A payment of reasonable compensation made to an officer 

or employee of a person requestitly or receiving a covered Federal action or an 
Pxtension, continuation, renewal, amendment, or modification of a covered Federal 
action, if payment is for professional or technical services rendered directly in 
t.hc preparation, submission, or' neqotiation of any bid, proposal, or application 
for that Federal action or* for meeting requirements imposed by or pursuant to law 
as lo condition for receiving that Federal acti9ri. 

(2) Any rea5onahle payment to a person, other than an 
officer or employee of a person requesting 01' receiving a covered Federal action 
or an extension, continuation, renewal, amendment, or modification of a covered 
Feder.al action if the payment is for profes-,ional or technical services rendered 
directly in the preparation, submission, or negotiation of any bid, proposal, or 
application for that Federal action or for meeting requirements imposed by or 
pur-,uant to law as a condition for receiviny that Federal action. Persons other 
than officers or employee; of a person requesting or receiving a covered Federal 
~tiorl include consultants and ~rarip assuci~itions. 
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(B) For purposes of subdivision (b)(3)(ii)(A) of this clause, 
"pr'ote,, crional and technical services" shall be limited to advice and analysis 
directly applying any professional or technical discipline. For example, drafting 
uf a leyal document accompanying a bid or proposal by a lawyer is allowable. 
Similarly, technical advice provided by an engineer on the performance or 
operational capability of a piece of equipment rendered directly in the 
negotiation of a contract is allowable. tiowever, communications with the intent 
to influence made by a professional (such as a licensed lawyer) or a technical 
person (such as a licensed accountant) are not allowable under this section unless 
they provide advice and analysis directly applying their professional or technical 
expertise and unless the advice or analysis is rendered directly and solely in the 
preparation, submission or negotiation of a covered Federal action. Thus, for 
example, communications with the intent to influence made by a lawyer that do not 
provide legal advice or analysis directly anti solely related to the legal aspects 
of his or her client's proposal, but generally advocate one proposal over another 
are not allowable under this section because the lawyer is not providing 
professional legal services. Similarly, communications with the intent to 
influence made by an engineer providing an engineering analysis prior to the 
preparation or submission of a bid or proposal are not allowable under this 
section since the engineer is providing technical services but not directly in the 
preparation, submission or negotiation of a covered Federal action. 

(C) Requirements imposed by or pursuant to law as a condition 
fc~r rec:eiving a covered Federal award include those required by law or regulation 
and arty other requirements in the actual award documents. 

(D) Only those services expressly authorized by subdivisions 
(b)(3)(ii)(A)(l) and (2) of this clause are permitted under this clause. 

(E) The reporting requirements of FAR 3.803(a) shall not apply 
with respect to payments of reasonable compensation made to regularly employed 
officers or em loyees of a person. 

(iii7 Disclosure. 
(A) The Contractor who requests or receives from an agency a 

Federal contract shall file with that agency a disclosure form, OMB standard form 
LLL, Disclosure of Lobbying Activities, if such person has made or has agreed to 
make any payment using nonappropriated funds (to include profits from any covered 
Federal action), which would be prohibited under subparagraph (b)(l) of this 
clause, if paid for with appropriated funds. 

(B) The Cuntractor shall file a disclosure form at the end of 
each calendar quarter in which there occurs any event that materially affects the 
accuracy of the information contained in any disclosure form previously filed by 
such person under subparaqraph (c.)( 1) of this clause. An event that materially 
affects the accuracy of tile information reported includes - 

(1) A cumulative increase of $25,000 or more in the amount 
paid or expected to be paid fat. influencing or attempting to influence a covered 
Federal action; or 

(2) A change in the person(s) or individual(s) influencing 
OI Attempting to influence a covered Federal action; or 

(3) A cll;lrlfl~ irl the officer(s), employee(s), or Member(s) 
runtacted to influence or attempt to influence a covered Federal action. 

(C) The Contractor shall require the submittal of a 
certification, and if required, 3 tlisclosurs form by any person who requests or 
Tel Qi VP-! any subcontract ~xceediocr JlMl,O(lO under the Fsder;ll r-.wtract. 
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(D) All subcontractor disclosure forms (but not certifications) 
shall be forwarded from tier to tier until received by the prime Contractor. The 
prime Contractor shall submit all disclosures to the Contracting Officer at the 
end of the calendar quarter in which the disclosure form is submitted by the 
subcontractor. Each subcontractor certification shall be retained in the 
subcontract file of the awarding Contractor. 

, (iv) *Agreement. The Contractor agrees not to make any payment 
prohiblted(if thl;,;iT;;;; 

(A) Any person who makes an expenditure prohibited under 
paragraph (a) of this clause or who fails to file or amend the disclosure form to 
be filed or amended by paragraph (h) of this clause shall be subject to civil 
penalties as provided for by 31 U.S.C. 1352. An imposition of a civil penalty 
does not prevent the Government from seeking any other remedy that may be 
applicable. 

(6) Contractors may rely without liability on the representation 
made by their subcontractors in.the certification and disclosure form. 

(vi) Cost allowability. Nothing in this clause makes allowable or 
reasonable any costs which would otherwise be unallowable or unreasonable. 
Convrrsely, costs made specifically unallowable by the requirements in this clause 
will not be made allowable under any of the provisions. 

1.G INTEGRITY OF UNIT PRICES (FAR 52.215-26) (APR 1991) 

(a) Any proposal submitted for the negotiation of prices for items of supplies 
shall distribute costs within contracts on a basis that ensures that unit prices 
are in proportion to the items' base cost (e.g., manufacturing or acquisition 
costs). Any method of distributing costs to line items that distorts unit prices 
shall not be used. For example, distrihuting costs equally among line items is 
not acceptable except when there is little or no variation in base cost. Nothing 
in this paragraph requires submission of cost or pricing data not otherwise 
required by law or regulation. 
(b) The requirement in paragraph (a) of this clause does not apply to any 
contract or subcontract item of supply for which the unit price is, or is based 
Of1 , an established catalog or market price for a commercial item sold in 
substantial quantities to the general public. A price is based on a catalog or 
market price only if the item being purchased is sufficiently similar to the 
catalog or market price commercial item to ensure that any difference in price can 
be identified and justified without resort tu cost analysis. 
(c) The Offeror/Contractor shall also identify those supplies which it will not 
manufacture or to which it will not contribute significant value when requested by 
the ContractingiOfficer. The information shall not be required for commercial 
items sold in substantial quantities t(., the general public when the price is, or 
is hased on, established catalog or market prices. 
(d) lhe Contractor shall insert the substance of this clause, less paragraph (c), 
in all subcontracts. 

I.7 PAYMENT FOR OVERTIME PREMIUMS (FAR 52.222-Z) (JUL 1990) 

(a) rhe use of overtime is authorizgfl under, this contract if the overtime premium 
co=t does not exceed zero or the overtime premium is paid for work - 
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(1) Necessary to cope with emergencies such as those resulting from 
accidents, natural disasters, breakdowns of production equipment, or occasional 
production bottlenecks of a sporadic nature; 

(2) By indirect-labor employees such as those performing duties in 
connection with administration, protection, transportation, maintenance, standby 
plant protection, operation of utilities, or accounting; 

(3) To perform tests, industrial processes, laboratory procedures, loading 
or unloading of transportation conveyances, and operations in flight or afloat 
that are continuous in nature and cannot reasonably be interrupted or completed 
otherwise; or 

(4) That will result in lower overall costs to the Government. 
(b) Any request for estimated overtime premiums that exceeds the amount specified 
ahove shall include all estimated overtime for contract completion and shall - 

(1) Identify the work unit; 'e.g., department or section in which the 
requested overtime will be used, together with present workload, staffing, and 
other data of the affected unit srrf-ficient to permit the Contracting Officer to 
evaluate the necessity for the overtime; 

(2) Demonstrate the effect that denial of the request will have on the 
cant rat t delivery or performance schedule; 

(3) Identify the extent to which approval of overtime would affect the 
perfurmartce or payments in connection with other Government contracts, together 
with identification of each affected contract; and 

(4) Provide reasons why the required work cannot be performed by using 
multishift operations or by employinq additional personnel. 

1.8 EMPLOYMENT REPORTS ON SPECIAL DISABLED VETERANS AND VETERANS OF THE 
VIETNAM ERA (FAR 52.222-37) (JAN 1988) 

(a) The contractor shall report at least annually, as required by the Secretary 
of Labor, on: 

(1) The number of special disabled veterans and the number of veterans of 
the Vietnam era in the workforce of the contractor by job category and hiring 
location; and 

(2) The total number of new employees hired during the period covered by the 
report, and of that total, the number of special disabled veterans, and the number 
of veterans of the Vietnarn era. 
(b) The above iterns shall be reported by completing the form entitled "Federal 
Contractor Veterans' Employment Report VE.TS-100." 
(c) Reports shall! be subm'itted no late,. than March 31 of each year beginning 
March 31, 1988. 
(rl) The employment activity report required by paragraph (a)(Z) of this clause 
:hall reflect total hires during the most recent 12-month period as of the ending 
date selected for the employment profile report required by paragraph (a)(l) of 
this clause. Contractors may select an ending date: (1) As of the end of any pay 
period during the period January through March Ist of the year the report is due, 
or‘ ii.') as of December 31, if the contractor has previous written approval from the 
Equal Employment Opportunity Commission to do so for purposes of submitting the 
Employer Information Report EEO-I (Standard Form 100). 
(e) The count of veterans reported i\ccording to paragraph (a) of this clause 
:t1;111 be based on vulunt.,lry disclosure. Each contractor subject. to the reporting 
r'w~~~ir~twnt~ at 38 I!.{.!:. 7012(d) -h;lIl invit.? ali special #disabled veterans and 
'I p t 0 1'3 I1 ', qf the Vietnam 'bra 'Nho rJi,:h to benefit under the ,~f~;rmative action 
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proyram at 38 U.S.C. 2012 to identify themselves to the contractor. The 
invitation shall state that the infurmation is voluntarily provided, that the 
information will be kept confidential, that disclosure or refusal to provide the 
information will not subject the applicant or employee to any adverse treatment 
and that the information will be used only in accordance with the regulations 
promulgated under 30 U.S.C. 2012. 
(f) -Subcontracts. The contractor shall include the terms of this clause in every 
subcontract or purchase order of $10,000 or more unless exempted by rules, 
regulations, or orders of the Secretary. 

1.9 SERVICE CONTRACT ACT OF 1965, I\'> AMENDED (FAR 52.222-41) (MAY 1989) 

(a) Definitions. "Act," as used in this clause, means the Service Contract 
Act of 1!)G5, as amended (41 U.S.C. 351, et seq.). 

"Contractor," as used in this clause or in any subcontract, shall be 
deemed to refer to the subcontractor, except in the term "Government Prime 
Contractor." 

'Service employee," as used in this clause, means any person engaged in 
the pet'formance of this contract other-than any person employed in a bona fide 
executive, administrative, or professional capacity, as these terms are defined in 
Part. 541 of Title 29, Code of Federal Regulations, as revised. It includes all 
such persons regardless of any contractual relationship that may be alleged to 
exist between a Contractor or subcontractor and such persons. 

(II) Applicability. This contract is subject to the following provisions and 
to all other applicable provisions of the Act and regulations of the Secretary of 
Labor (24 CFR Part 4). This clause does not apply to contracts or subcontracts 
administratively exempted by the Secretary of Labor or exempted by 41 U.S.C. 356, 
as interpreted in Subpart C of 29 CFR Part 4. 

(c) Compensation. 
(1) Each service employee employed in the performance of this contract 

by the (Iontractor or any subcontractor shall be paid not less than the minimum 
monetary wages and shall be furnished fringe benefits in accordance with the wages 
and fringe benefits determined by the Secretary of Labor, or authorized 
representative, as specified in any wage determination attached to this contract. 

(2) (i) If a wage determination is attached to this contract, the 
Contractor shall classify any class of service employee which is not listed 
therein and which is to be employed under this contract (i.e., the work to be 
performed is not performed by any classification listed in the wage determination) 
so as to provide a reasonable relationship (i.e., appropriate level of skill 
comparison) between such unlisted classifications and the classifications listed 
in the wage determination. Such conformed class of employees shall be paid the 
monetary wages and furnished the fringe benefits as are determined pursuant to the 
pl*oc:erlures in this paragraph (c) . 

(ii) This conforming procedure shall be initiated by the 
Contractor prior to the performance of contract work by the unlisted class of 
employee. The Contractor shall submit Standard Form (SF) 1444, Request For 
Authorization of Additional Classification and Rate, to the Contracting Officer no 
later than 30 days after the unlisted (-lass of employee performs any contract 
work. The Contracting Officer shall review the proposed classification and rate 
and promptly submit the completed SF 1444 (which must include information 
regarding the agreement or disagreement of the employees' authorized 
represenl.at:ives or the emT~lr~yee~ I-.I~ea:,elves together with the agency 
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recommendation), and all pertinent information to the Wage and Hour Division, 
Employment Standards Administration, 11.5. Department of Labor. The Wage and Hour 
Division will approve, modify, or disapprove the action or render a final 
determination in the event of disagreement. within 30 days of receipt or will 
rrotify the Contracting Officer within 30 days of receipt that additional time is 
necessary. 

(iii) The final determination of the conformance action by the 
Wage and Hour Division shall be transmitted to the Contracting Officer who shall 
promptly notify the Contractor of the action taken. Each affected employee shall 
be furnished by the Contractor with a written copy of such determination or it 
shall be posted as a part of the wage determination. 

(iv) (A) The process o-f establishing wage and fringe benefit 
rater, that bear a reasonable relationslrip tu those listed in a wage determination 
cannot be reduced to any single fdrmrrl(?. Thp approach used may vary from wage 
determination to wage determination depending on the circumstances. Standard wage 
(tnd c,alar,y administration practices which rank various job classifications by pay- 
grade pursuant to point schemes or other job factors may, for example, be relied 
ccpun . Guidance rnay also be obtained from the way different jobs are rated under 
Federal pay systems (Federal Wage Board Pay System and the General Schedule) or 
from other wage determinations issued in the same locality. Basic to the 
establishment of any conformable wage rate(s) is the concept that a pay 
relationship should he maintained between job classifications based on the skill 
requ i red and the duties performed. 

(B) In the case of a contract modification, an exercise'of 
an option, or extension of an existing contract, or in any other case where a 
Contractor succeeds a contract under which the classification in question was 
previously conformed pursuarrt to paragraph (c) of this clause, a new conformed 
waye rate and fringe benefits may be assigned to the conformed classification by 
indexing (i.e., adjusting) the previous conformed rate and fringe benefits by an 
amount equal to the average (mean) percentage increase (or decrease, where 
appropriate) between the wages and fringe benefits specified for all 
classifications to be used on the contract which are listed in the current wage 
determination, and those specified for the corresponding classifications in the 
previously applicable wage determination. Where conforming actions are 
accomplished in accordance with this paragraph prior to the performance of 
contract work by the unlisted class of employees, the Contractor shall advise the 
Contracting Officer of the action taken hut the other procedures in subdivision 
(c)(ii) of this clause need not be followed. 

(C) No ernployep engaged in performing work on this contract 
shall in any event be paid less than the currently applicable minimum wage 
specified under section O(a)(l) ot the f-air Labor Standards Act of 1938, as 
~~merrtled . 

(4 The wage rate and fringe benefits finally determined under 
thi: subparagraph (c)(2) of this clauc? shall be paid to all employees performing 
in the classification from the first day on which contract work is performed by 
tlicm in the classification. Failut~e 111 pay the unlisted employees the 
(:omoensat.ion agreed upon by the irrterested parties and/or finally determined by 
I.he Waact and Hour Division retroactivP trj the date such class of employees 
!.nlmaenr.4 contract work r,hal 1 b ~1 virll,~t.ion of the Act and this contract. 

(vi) Upon discovs!'v <If tai iilrP to comolv with suboaragraph (c)(2) 
of this clause, the 'Wage ,Tnd Hours Uidip,ion stiall !nake 3 final deternination of 
::onfr)rmeri classifiration, lwdc]e :-AIP, ~~tl(l,:~r- fringe beneiitr .dhich ;hall he 
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retroactive to the date such class or classes of employees commenced contract 
work. 

(3) Adjustment of Compensation. If the term of this contract is more than I 
year, the minimum monetary wages and ft*inge benefits required to be paid or 
furnished thereunder to service employees under this contract shall be subject to 
adjustment after 1 year and not less often than once every 2 years, under wage 
determinations issued by the Wage and Hour Division. 

(d) Obligation to Furnish Fringe Benefits. The Contractor or subcontractor 
may discharge the obligation to furnish fringe benefits specified in the 
attachment or determined under subparagraph (c)(2) of this clause by furnishing 
equivalent combinations of bona fide fringe benefits, or by making equivalent or 
differential cash payments, on1.y in accordance with Subpart D of 29 CFR Part 4. 

(e) Minimum Wage. In the absence of a minimum wage attachment for this 
contract, neither the Contractor nor any subcontractor under this contract shall 
pay any person performing work under th'is contract (regardless of whether the 
person is a service employee) less than the minimum wage specified by section 
6(a)(l) of the Fair Labor Stand'ards Act of 1338. Nothing in this clause shall 
relieve the Contractor or any subcontractor of any other obligation under law or 
contract for the payment of a higher wage to any employee. 

(f) Successor Contracts. If this contract succeeds a contract subject to 
the Act under which substantially the same services were furnished in the same 
locality and service employees were paid wages and fringe benefits provided for in 
a collective bargaining agreement, in the absence of the minimum wage attachment 
for this contract setting forth such collectively bargained wage rates and fringe 
benefits, neither the Contractor nor any subcontractor under this contract shall 
pay any service employee performing any of the contract work (regardless of 
whether or not such employee was employed under the predecessor contract), less 
than the wages and fringe benefits provided for in such collective bargaining 
agreement, to which such employee would have been entitled if employed under the 
predecessor contract, including accrued wages and fringe benefits and any 
prospective increases in wages and fringe benefits provided for under such 
agreement. No Contractor or subcontractor under this contract may be relieved of 
the foregoing obligation unless the limitations of 29 CFR 4.lb.(b) apply or unless 
the Secretary of Labor or the Secretary's authorized representative finds, after a 
hearing as provided in 29 CFR 4.10 that the wages and/or fringe benefits provided 
for in such agreement are substantial1.y at variance with those which prevail for 
services of a character similar in the locality, or determines, as provided in 29 
CFR 4.11, that the collective bargaining agreement applicable to service employees 
employed under the predecessor contract was not entered into as a result of arm's 
Icrrfjtti negotiations. Where it is found in accordance with the review procedures 
provided in 29 CFR 4.10 and/or 4.11 and Parts 6 and 8 that some or all of the 
wages and/or fringe benefits contained in a predecessor Contractor's collective 
harnaining agreement are substantially at variance with those which prevail for 
services of a character similar in the locality, and/or that the collective 
bargaining agreement applicable to service employees employed under the 
predecessor contract was not entered into as a result of arm's length 
negotiations, the Department will issrle a new or revised wage determination 
sel.I.ing forth the applicable wage rates and fringe benefits. Such determination 
shall be made part of the c.ontract. or slrhcontract, in accordance with the decision 
of the Administrator, the Administrative Law Judge, or the Board of Servic? 
Contract Appeals, as the case may be, irrespective of whether such issuance occurs 
prior to or after the award of a contract or’ subcontract (53 Camp. Gen. ;?fl 
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(1973)). In the case of a wage determination issued sole ly as a result of a 
finding of substantial variance, such determ ination shal 1 be effective as of the 
date of the final administrative decision. 

(g) Hotif!cation ty Employees. The Contractor and any subcontractor under 
this contract shall notify each service employee commencing work on this contract 
of the minimum monetary wage and any fringe benefits required to be paid pursuant 
to this contract, or shall post the wage determination attached to this contract. 
The poster provided by the Department of Labor (Publication WH 1313) shall be 
posted in a prominent and accessible place at the worksite. Failure to comply 
with this requirement is a violation of Section 2(a)(4) of the Act and of this 
contract. 

(h) Safe and Sanitary Working Conditions. The Contractor or subcontractor 
shall not permit any part of the services called for by this contract to be 
performed in buildings or surroundjngs or under working conditions provided by or 
under the control or supervision of the Contractor or subcontractor which are 
unsanitary, hazardous, or dangerous to the health or safety of the service 
employees. The Contractor or Gbcontractor shall comply with the safety and 
health standards applied under 29 CFR Part 1925. 

(i) Records. (1) The Contractor and each subcontractor performing work 
subject to the Act shall make and maintain for 3 years from the completion of the 
work, and make them available for inspection and transcription by authorized 
r.epresentatives of the Wage and Hour. Division, Employment Standards 
Administration, a record of t'he following: 

6) For each employee subject to the Act - 
(A) Name and address and social security number; 
(B) Correct wnrk classification or classifications, rate or 

r.ates of monetary wages paid and fringe benefits provided, rate or rates of 
payments in lieu of fringe benefits, and total daily and weekly compensation; 

(C) Daily and weekly hours worked by each employee; and 
(D) Any deductions, rebates, or refunds from the total 

daily or weekly compensation of each employee. 
(ii) For those classes of service employees not included in any 

wage determination attached to this contract, wage rates or fringe benefits 
determined by the interested parties or by the Administrator or authorized 
representative, under the terms of paragraph (c) of this clause. A copy of the 
report required by subdivision (c)(2)(ii) of this clause will fulfill this 
requirement. 

(iii) Any list of the predecessor Contractor's employees which had 
hppn furnished to the Contractor as prescribed by paragraph (n) of this clause. 

(2) The Co t n ractor shalt also make available a copy of this contract 
fat. inspection or transcription by altthorized representatives of the Wage and Hour 
l)ivision. 

(3) Failure to make and maintain or to make available these records for 
inspection and transcription shall be a violation of the regulations and this 
contract, and in the c?se of failure to produce these records, the Contracting 
Officer, upon direction of the Department uf Labor and notification to the 
Cotit l-actor, shall take action to cause cuspension of any further payment or 
t\dvar~r.e of funds unti 1 such violation c:easer;. 

(1) The Contractor shall r,Pr:nit authorized representatives of the Wage 
,jntl Flour Division to conduct inte,,view; with employees at the worksite during 
nor ma i wur-k ing hour.s . 
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(j) Pay Periods. The Contractor shall unconditionally pay to each employee 
subject to the Act all wages due free and clear and without subsequent deduction 
(except as otherwise provided by law or Regulations, 29 CFR Part 4), rebate, or 
kickback on any account. These payments shall be made no later than one pay 
period following the end of the regular pay period in which the wages were earned 
or accrued. A pay period under this Act may not be of any duration longer than 
semi-monthly. 

(k) Withholding of Payment and Termination of Contract. The Contracting 
Officer shall withhold or cause to be withheld from the Government Prime 
Contractor under this or any other Government contract with the Prime Contractor 
such sums as an appropriate official of the Department of Labor requests or such 
SIJI~S as the Contracting Officer decide s may be necessary to pay underpaid 
employees employed by the Contractor or subcontractor. In the event of failure to 
pay any employees subject to the Act all or part of the wages or fringe benefits 
due under the Act, the Contracting Officer may, after authorization or by 
direction of the Department of Labor and written notification to the Contractor, 
t(jkp action to cause suspension.of any further payment or advance of funds until 
such violations have ceased. Additionally, any failure to comply with the 
requirements of this clause may be grounds for termination of the right to proceed 
with the contract work. In-such event, the Government may enter into other 
contracts or arrangements for completion of the work, charging the Contractor in 
tlef;lult with any additional cost. 

(1) Subcontracts. The Contractor agrees to insert this clause in all 
subcontracts subject to the Act. 

(III) Collective Bargaining Agreements Applicable to Service Employees. If 
wages to be paid or fringe,benefits to be furnished any service employees employed 
I)y the Government Prime Contractor or any subcontractor under the contract are 
provided for in a collective bargaining agreement which is or will be effective 
during any period in which the contract is being performed, the Government Prime 
Contractor shall report this fact to the Contracting Officer, together with full 
information as to the application and accrual of such wages and fringe benefits, 
including any prospective increases, to service employees engaged in work on the 
contract, and a copy of the collective bargaining agreement. Such report shall be 
made upon commencing performance of the contract, in the case of collective 
hat-gaining agreements effective at such time, and in the case of such agreements 
or provisions or amendments thereof effective ;tt. a later time during the period of 
contract performance such agreements <hall be reported promptly after negotiation 
thereof. 

(n) Seniority List. Not less than 10 days prior to completion of any 
contract being performed at a Ferler.,lt f,lcility where service employees may be 
r*PfaiM in the performance of the sur:C.eediltg contract and subject to a wage 
determination wh,ich contains vacation or other benefit provisions based upon 
lenqth of service with a Contractor (predecessor) or successor (29 CFR Part 
4.17J), the incumbent Prime Contractor shall furnish the Contracting Officer a 
crrl.ifiod list of the names of ti1l service employees on the Contractor's or 
subcontractor's payroll during the last month of contract performance. Such iist 
shall also contain anniversary dates of employment on the contract either with the 
current or predecessor Contractors of each such service employee. The Contracting 
Offirer- shall turn over srrch list to the successor Contractor at the commencement 
of the succeeding contract. 

(0) Rultngs and Interpretations. Rulings and interpretations of the Act are 
contained in Regulations, 711 Cl-R Part 4. 
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(p) Contractor's Certification. 
(1) B,y entering into this contract, the Contractor (and officials 

thereof) certifies that neither it (nor he or she) nor any person or firm who has 
substantial interest in the Contractor's firm is a person or firm ineligible to be 
awarded Government contracts by virtue of the sanctions imposed under section 5 of 
the Act. 

(2) No part of this contract shall be subcontracted to any person or 
firm ineli ible for award of a Government contract under section 5 of the Act. 

9 3) The penalty for making false statements is prescribed in the U.S. 
Criminal Code, 18 U.S.C. 1001. 

(q) Variations, Tolerances, and Exemptions Involving Employment. 
Notwithstanding any of the provisions in paragraphs (b) through (0) of this 
clause, the following employees may he employed in accordance with the following 
variations, tolerances, and exemptjons, which the Secretary of Labor, pursuant to 
section 4(b) of the Act prior to its amendment by Public L. 92-473, found to be 
necessary and proper in the public interest or to avoid serious impairment of the 
conduct of Government business. 

(1) Apprentices, student-learners, and workers whose earning capacity 
is impaired by age, physical or mental deficiency, or injury may be employed at 
wages lower than the minimum wages utherwise required by section Z(a)(l) or 
2(b)(l) of the Act without diminishing any fringe benefits or cash payments in 
lieu tllereof required under section 2(a)(2) of the Act, in accordance with the 
cnrrditinns and procedures prescribed for the employment of apprentices, student- 
learners, handicapped persons, and handicapped clients of sheltered workshops 
under Section 14 of the Fair Labor Standards Act of 1938, in the regulations 
issued by the Administrator (29 CFR Parts 520, 521, 524, and 525). 

(2) The Administrator will issue certificates under the Act for the 
employment of apprentices, student-learners, handicapped persons, or handicapped 
clients of sheltered workshops not subject to the Fair Labor Standards Act of 
1938, or subject to different minimum rates of pay under the two acts, authorizing 
appropriate rates of minimum wages (but without changing requirements concerning 
fringe benefits or supplementary cash payments in lieu thereof), applying 
procedures prescribed by the applicable regulations issued under the Fair Labor 
Standards Act of 1938 (29 CFR Parts 520, 521, 524, and 525). 

(3) The Adm inistrator will also withdraw, annul, or cancel such 
certificates in accordance with the regulations in 29 CFR Parts 525 and 528. 

(r) Apprentices. Apprentices will be permitted to work at less than the 
predetermined rate for the work they perform when they are employed and 
individually registered in a bona fide apprenticeship program registered with a 
State Apprenticeship Agency which is recognized by the U.S. Department of Labor, 
ur if no such recognized agency exists in a State, under a program registered with 
the Bureau of Apprenticeship and Training, Employment and Training Administration, 
U.S. Department of Labor. Any employee who is not registered as an apprentice in 
an approved program shall be paid the wage rate and fringe benefits contained in 
the applicable wage determination for the journeyman classification of work 
actually performed. The wage rates paid apprentices shall not be less than the 
wage rate for their level of progress sPt forth in the registered program, 
expr,essed as the appropriate percentaye of the journeyman's rate contained in the 
applicable wage determination. Thr allowable ratio of apprentices to journeymen 
employed on the contract work irl any craft classification shall not be greater 
than the ratio permitted to the 'out.: at.:or- a; to his entire work force tinder the 
regiqter91 program. 
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(s) Tips. An employee engaged in an occupation in which the employee 
customarily and regularly receives more than $30 a month in tips may have the 
amount of tips credited by the employer against the minimum wage required by 
section 2(a)(l) or section 2(b)(l) of the Act, in accordance with section 3(m) of 
the Fair Labor Standards Act and Regulations 29 CFR Part 531. However, that the 
amount of credit shall not exceed $1.34 per hour beginning January 1, 1981. To 
use this provision - 

(1) The employer must inform tipped employees about this tip credit 
allowance before the credit is utilized; 

(2) The employees must be allowed to retain all tips (individually or 
through a pooling arrangement and reqardless of whether the employer elects to 
take a credit for tips received); 

(3) The employer must be able to show by records that the employee 
receives at least the applicable Service Contract Act minimum wage through the 
combination of direct wages and tip credit; and 

(4) The use of such tip credit must have been permitted under any 
predecessor collective bargaining agreement applicable by virtue of section 4(c) 
of the Act. 

(t) Disputes Concerning Labor Standards. The U.S. Department of Labor has 
set forth in 29 CFR Parts 4, 6, and 8 procedures for resolving disputes concerning 
labor. standards requirements. Such disputes shall be resolved in accordance with 
those procedures and not the Disputes clause of this contract. Disputes within 
the meaning of this clause include disputes between the Contractor (or any of its 
subcontractors) and the contracting agency, the U.S. Department of Labor, or the 
employees or their representatives. 

1.10 DRUG-FREE WORKPLACE (FAR 52.223-6) (JUL 1990) 

(a) Definitions. As used in this clause, 
"Controlled substance" means a controlled substance in Schedules I through V 

of Section 202 of the Controlled Substances Act (21 U.S.C. 812) and as further 
defined in regulation at 21 CFR 1308.11 - 1308.15. 

"Conviction" means a finding of guilt (including a plea of nolo contendere) 
or imposition of sentence, or both, by any judicial body charged with the 
responsibility to determine violations of the Federal or State criminal drug 
statutes. 

"Criminal drug statute" means a Federal or non-Federal criminal statute 
involving the manufacture, distribution, dispensing, possession or use of any 
controlled substance. 

"Drug-free workplace" rnearls the site(s) for the performance of work done by 
the Contractor in connection with a specific contract at which employees of the 
Contractor are Drohibited from enoaqino in the unlawful manufacture, distribution, 
dispensing, possession, 

dd " 
or use of a controlled substance. 

"Employee" means an employee of a Contractor directly engaged in the 
performance of work under a Governmeni. c:untract. "Directly engaged" is def 
inclllde all direct cost employees antI any other Contractor employee who has 
than a minimal impact or involvement in contract performance. 

"Individual" means an offeror/Contractor that has no more than one emp 
irlcluding the offeror/Contractor. 

ined to 
other 

loyee 

(b) The-Contractor, if other than an individual, shall - within 30 calendar days 
aftpr award (unless a longer period ir agreed to in writing for contracts of 3O 
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calendar days or more performance duration); or as soon as possible for contracts 
of less than 30 calendar days performance duration - 

(1) Publish a statement notifying its employees that the unlawful 
manufacture, distribution, dispensing, possession, or use of a controlled 
r,ubstance is prohibited in the Contractor 's workplace and specifying the actions 
that will be taken against employees for violations of such prohibition; 

(2) Establish an ongoing drug-free awareness program to inform such 
employees about - 

(0 
(ii) 

The dangers of drug abuse in the workplace; 
The Contractor's policy of maintaining a drug-free workplace; 

(iii) Any available drug counseling, rehabilitation, an.d employee 
assistance programs; and 

(iv) The penalties that may be imposed upon employees for drug abuse 
violations occurring in the workplace. 

(3) Provide all employees engaged in performance of the contract with a copy 
of the statement required by subparagraph (b)(l) of this clause; 

(4) Notif 
subparayraph (b J 

such employees in writing-in the statement required by 
(1) of this clause that, as a condition of continued employment on 

this contract, the employee will - 
0) Abide by the terms of the statement; and 
(ii) Notify the employer in writing of the employee's conviction under 

a criminal drug statute for a violation occurring in the workplace no later than 5 
tlCly T, after such conviction. 

(5) Notify the Contracting Officer in writing within 10 calendar days after 
recaiviny notice under subdivision (b)(4)(ii) of this clause, from an employee or 
otherwise receiving actual notice of such conviction. The notice shall include 
the position title of the employee; 

(6) Within 30 calendar days after receiving notice under subdivision 
(h)(4)(ii) of this clause of a conviction, take one of the following actions with 
respect to any employee who is convicted of a drug abuse violation occurring in 
the workplace: 

(i) Taking appropriate personnel action against such employee, up to 
and including termination; or 

(ii) Require such employee to satisfactorily participate in a drug 
ahuse assistance or rehabilitation program approved for such purposes by a 
Federal, State, or local health, law enforcement, or other appropriate agency. 

(7) Make a good faith effort. to maintain a dru -free workplace through 
im lementation of subparagraphs (b)(l) through 
(cp The fontractor 

(b)(6 s of this clause. 
if an individual, 

acceptance of a purhhase order, 
agrees by award of the contract or 

not to engage in the unlawful manufacture, 
distribution, dispensing, possession, or use of a controlled substance in the 
performance of this contract. 
(tl) Irr addition to other remedies available to the Government, the Contractor's 
faillrrp to comply with the requirements of paragraphs (h) or (c) of this clause 
ml+v, pursuant to FAR 23.506, render the Contractor subject to suspension of 
(.:orlt r'(act payments , termination of thP cnlltract for default, and suspension or 
fl~l~dr~ie~i t. . 

1.11 I'ROMPT PAYMENT (FAR 52.?32-%5) (\FP l!IYZ) 

Vot.wi th:tanding any ot,tler, payment ~~,IIIT,~! in ';hi 5 contr,lct, the Government. ;I/ill 

;nakP invoice payments .?nd contr-?c:: firl+rlcincl uavment; under the terms and 
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conditions specified in this clause. Payment shall be considered as being made on 
the day a check is dated or an electronic funds transfer is made. Definitions of 
pertinent terms are set forth in 32.902. All days referred to in this clause are 
calendar days, unless otherwise specified. The term "foreign vendor" means an 
incorporated concern not incorporated in the United States, or an unincorporated 
concern having its principal place of business outside the United States. 
(a) .!_nvoice Payments. 

(1) For purposes of this clause, "invoice payment" means a Government 
disbursement of monies to a Contractor under a contract or other authorization for 
supplies or services accepted by the Government. This includes payments for 
partial deliveries that have been accepted by the Government and final cost or fee 
payments where amounts owed have been settled between the Government and the 
Contractor. 

(2) Except as indicated in subparagraph (a)(3) and paragraph (c) of this 
clause, the due date for making invoice payments by the designated payment office 
shall be the later of the following two events: 

(i) The 30th day after the designated billing office has received a 
proper invoice from the Contractor. 

(ii) The 30th day after Government acceptance of supplies delivered 
or services performed by the Contractor.. On a final invoice where the payment 
amount is subject to contract settlement actions, acceptance shall be deemed to 
have occurred on the effective date of the contract settlement. However, if the 
tlesiynated billing office fails to annotate the invoice with the actual date of 
receipt, the invoice payment due date shall be deemed to be the 30th day after the 
date the Contractor's invoice is dated, provided a proper invoice is received and 
there is no disagreement over quantity, quality, or Contractor compliance with 
contract requirements. 

(3) The due date on contracts for meat, meat food products, or fish; 
contracts for perishable agricultural commodities, contracts for dairy products, 
edible fats or oils, and food products prepared from edible fats or oils, and 
contracts not requiring submission of an invoice shall be as follows: 

(i) The due date for meat and meat food products, as defined in 
Section 2(a)(3) of the Packers and Stockyard Act of 1921 (7 U.S.C. 182(3)) and 
further defined in Pub. L. 98-181 to include any edible fresh or frozen poultry 
meat, any perishable poultry meat food product, fresh eggs, and any perishable egg 
product, will be as close as possible to, but not later than, the 7th day after 
product delivery. 

(ii) The due date for fresh or frozen fish, as defined in Section 
204(3) of the Fish and Seafood Promotion Act of 1986 (16 U.S.C. 4003(3)), will be 
as close as possible to, but not later than, the seventh day after product 
deliver-v. 

(iii) The due date for perishable agricultural commodities, as defined 
in section l(4) 'of the Perishable Agricultural commodities Act of 1930 (7 U.S.C. 
499a(44)), will be as close as possible to, but not later than, the 10th day after 
product de1 ivery, unless another date is specified in the contract. 

(iv) The due date for dairy products, as defined in section Ill(e) of 
the Dairy Production Stabilization Act of 1983 (7 U.S.C. 4502(e)), edible fats or 
nils, and food products prepared from edible fats or oils, will be as close as 
possible to, but not later than, the 10th day after the date on which a proper 
invoice has been received. 
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(4 If the contract does not require subm 
payment (e.g., period lease payments), the due date wil 
contract. 

ission of an invo ice for 
1 be as spec ified in the 

(4) An invoice is the Contractor's bill or written request for payment under 
the contract for supplies delivered or services performed. An invoice shall be 
prepared and submitted to the designated billing office specified in the contract. 
A ro er invoice must include the items listed in subdivisions (a)(4)(i) through 
(ay(4r(viii) of this clause. If the invoice does not comply with these 
requirements, then the Contractor will be notified of the defect within 7 days 
after receipt of the invoice at the designated billing office (3 days for meat, 
meat food products, or fish, and 5 days for perishable agricultural commodities, 
edible fats or oils, and food products prepared from edible fats or oils. 
Untimely notification will be taken into account in the computation of any 
interest penalty owed the Contractpr in the manner described in subparagraph 
(a)(6) of 5";s clause. 

(ii) 
Name and address of the Contractor. 
Invoice date. 

(iii) Contract number or other authorization for supplies delivered or 
-,ervices performed (including order number and contract line item number). 

(iv) Description, quantity, unit of measure, unit price, and extended 
price of sup lies delivered or services performed. 

(VP Shipping and payment terms (e.g., shipment number and date of 
shipment, prompt payment discount terms). Bill of lading number and weight of 
shipment will be shown for shipments urt Government bills of lading. 

(vi) Name and address of Contractor official to whom payment is to be 
sent (must be the same as that in the contract or in a proper notice of 
assignment). 

(vii) Name (where practicable), title, phone number and mailing 
address of person to be notified in event of a defective invoice. 

(viii) Any other information or documentation required by other 
requirements of the contract (such as evidence of shipment). 

(5) An interest penalty shall be paid automatically by the Government, 
without request from the Contractor, if payment is not made b 
the c-onditions listed in subdivisions (a)(S)(i) through (a)(5 Y 

the due date and 
(iii) of this clause 

are met, if applicable. An interest penalty shall not be paid on contracts 
awarded to foreign vendors outside the United States for work performed outside 
the United States. 

ti> A proper invuice was received by the designated billing office. 
(ii) A receiving report or other Government documentation authorizing 

payment was processed and there was no disagreement over quantity, quality, or 
Contractor corn liance with any contract term or condition. 

(iii! In th e case of a final invoice for any balance of funds due the 
(:ont.r~actor for supplies delivered or' jervices performed, the amount was not 
subject to further contract settlement actions between the Government and the 
Contractor. 

(6) The interest penalty shall be at the rate established by the Secretary 
of the Treasury under- Section 12 of the Cotltract Disputes Act of 1978 (41 U.S.C. 
611) thrlt is in effect on the day after the due date, except where the interest 
penalty is prescribed by other governmenta 1 authority. 

This rate is referred to as the VRenegotiation Board Interest Rate," and 
!t is pub1 i-,hed in the Fefleral Regi;te,. 33rn: ;innua!ly 3n .qr about <January 1 and 
llr~l*/ i. The interest penalty yh,Tll ~CC:“IC) ;laill{ on the invol,:e ;,ayment amount 
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approved by the Government and be compounded in 30-day increments inclusive from 
the first day after the due date through the payment date. That is, interest 
accrued at the end of any 30-day period will be added to the approved invoice 
payment amount and be subject to interest penalties if not paid in the succeeding 
30-day period. If the designated billing office failed to notify the Contractor 
of a defective invoice within the periods prescribed in paragraph (a)(4) of this 
clause, then the due date on the corrected invoice will be adjusted by subtracting 
the number of days taken beyond the prescribed notification of defects period. 
Any interest penalty owed the Contractor will be based on this adjusted due date. 
Adjustments will be made by the designated payment office for errors in 
calculatin 

9 
interest penalties, if requested by the Contractor. 

i) For the sole purpose of computing an interest penalty that might 
be due the Contractor, Government acceptance shall be deemed to have occurred 
constructively on the 7th da,y (unless otherwise specified in this contract) after 
the Contractor delivered the supplies or performed the services in accordance with 
the terms and conditions of the contract, unless there is a disagreement over 
quantity, quality, or Contractor compliance with a contract provision. In the 
event that actual acceptance occurs within the constructive acceptance period, the 
determination of an interest penalty shall be based on the actual date of 
acceptance. 
The constructive acceptance requirement does not, however, compel Government 
officials to accept supplies or services, perform contract administration 
functions, or make payment prior to fulfilling their responsibilities. 

(ii) The following periods of time will not be included in the 
determination of an interest penalty: 

(A) The period taken to notify the Contractor of defects in 
invuices submitted to the Government, but this may not exceed 7 days (3 days for 
meat, meat food products, or fish, and 5 days for perishable agricultural 
commodities, dairy products, edible fats or oils, and food products prepared from 
edible fats or oils). 

(B) The period between the defects notice and resubmission of 
the corrected invoice by the Contractor. 

(iii) Interest penalties will not continue to accrue after the filing 
of a claim for such penalties under the clause at 52.233-1, Disputes, or for more 
than 1 year. 

(iv) 
Interest penalties of less than $1.00 need not be paid. 

Interest penalties are not required on payment delays due to 
disagreement between the Government and Contractor over the payment amount or 
other issues involving contract compliance or on amounts temporarily withheld or 
retained in accordance with the terms of the contract. Claims involving disputes, 
and any interest that may be payable, will be resolved in accordance with the 
clause at 52.233-1, Disputes. 

(7) An interest penalty shall also be paid automatically by the designated 
payment office, without request from the Contractor, if a discount for prompt 
payment is taken improperly. The interest penalty will be calculated as described 
in subparagraph (a)(6) of this clause on the amount of discount taken for the 
period beginning with the first day after the end of the discount period through 
the date when the Contractor is paid. 

(0) If this contract was awarded on or after October 1, 1989, a penalty 
amount, calculated in accordance with requlations issued by the Office of 
Management and Budget, shall be paid in addition to the interest penalty amount if 
lhe Contractor - 

(i) Is owed 411 interest penalty; 
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(ii) Is not paid the interest penalty within 10 days after the date 
the invoice amount is paid; and 

(iii) Makes a written demand, not later than 40 days after the date 
the invoice amount is paid, that the agency pay such a penalty. 
(h) (;on_t_ract Financ.ing Pavment-s. 

(1) For purposes of this clause, "contract financing payment" means a 
Government disbursement of monies to a Contractor under a contract clause or other 
authorization prior to acceptance of supplies or services by the Government. 
Contract financing payments include advance payments, progress payments based on 
cost under the clause at 52.232-16, Progress Payments, progress payments based on 
a percentage or stage of completion (32.102(e)(l)) other than those made under the 
clause at 52.232-5, Payments Under Fixed-Price Construction Contracts, or the 
clause at 52.232-10, Payments Under Fixed-Price Architect-Engineer Contracts, and 
interim payments on cost type contracts. 

(2) For contracts that provide for contract financing, requests for payment 
shall he submitted to the designated billing office as specified in this contract 
or ~1; directed by the Contracting Officer.. Contract financing payments shall be 
made on the 30th day after receipt of a proper contract financing request by the 
designated billing office. In the event that an audit or other review‘of a 
specific financing request is required to ensure compliance with the terms and 
conditions of the contract, the designated payment office is not compelled to make 
payment by the due date specified. 

(3) For advance payments, loans, or other arrangements that do not involve 
recut-rent submissions of contract financing requests, payment shall be made in 
accordance with the corresponding contract terms or as directed by the Contracting 
Officer. 

(4) Contract financing payments shall not be assessed an interest penalty 
for payment delays. 
(c) If this contract contains the clause at 52.213-1, Fast Payment Procedure, 
payments will be made within 15 days after the date of receipt of the invoice. 

I .l? BANKRUPTCY (FAR 52.242-13) (APR 1991) 

In the event the Contractor enters into proceedings relating to bankruptcy, 
whether voluntary or involuntary, the Contractor agrees to furnish, by certified 
mail, written notification of the bankruptcy to the Contracting Officer 
responsible for administering the contract. This notification shall be furnished 
within five days of the initiation of the proceedings relating to bankruptcy 
filing. This notification shall include the date on which the bankruptcy petition 
was filed, the identity of the court in which the bankruptcy petition was filed, 
and a listing of Government contract numbers and contracting offices for all 
Government contracts against which final payment has not been made. This 
ohliqation remains in effect until final payment under this contract. 

1.13 AuT~~ORIZECI OEVIATIONS IN CLAUSES (FAR 52.252-6) (APR 1984) 

(a) The use in this solicitation or contract of any Federal Acquisition 
Regulation (48 CFR Chapter 1) clr7115e with an authorized deviation is indicated hv 
Ihe rldditiun of "(OEVIATION)" after ths date uf the clause. 
(h) The use in this solicitation vr contract of any NASA/FAR Supplement (48 CFR 
Chaptar !8) clause with an ,Juthorized deviation is indicated b;i the addition of 
"~Ot~/IATION)" after the name of the ~.~quiittio~~. 
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I.14 SECURITY REQUIREMENTS FOR UNCLASSIFIED AUTOMATED INFORMATION RESOURCES 
(NASA 18-52.204-76) (JUN 1990) 

(a) In addition to complying with any functional and technical security 
requirements set forth in the schedule and the clauses of this contract, the 
Contractor shall obtain special identification, as required by the computer 
security manager, for its personnel who need unescorted or unsupervised physical 
access or electronic access to the following limited or controlled areas, systems, 
programs and data: 

(b) The Contractor shall incorporate this clause in all subcontracts where the 
requirements identified in paragraph (a) are applicable to performance of the 
subcontract. 

I.15 SECURITY PLAN FOR UNCLASSIFIED AUTOMATE0 INFORMATION RESOURCES 
(NASA 18-52.204-78) (JAN 1992) 

In addition to complying ,with any functional and technical security 
requirements set forth in the Schedule and the clauses of this contract, the 
Contractor shall comply with the Unclassified Automated Information Resources 
SecuPity Plan submitted pursuant to provision 18-52.204-77, Submission of Security 
Plan For Unclassified Automated Information Resources, as approved by the 
Contracting Officer. 

1.16 LIMITATION OF FUTURE CONTRACTING (NASA 18-52.209-71) (~EC 1988) 

(a) The Contracting Officer has determined that this acquisition may give r 
a potential organizational conflict of interest. Accordingly, the attention 
all prospective offerors is invited to FAR Subpart 9.5--Organizational Confl 
of Interest. 

ise to 
of 

icts 

(h) The nature of this conflict is that the Contractor and/or a subcontractor 
will perform inspections of pressure and structural systems and, if necessary, 
prepare specifications for repairs to the system(s). The Contractor and any 
subcontractor performing inspections and/or preparing repair specifications shall 
be ineligible to perform the work described in the specifications as a prime or 
first-tier subcontractor. 
(c) The restrictions upon future contracting are as follows: 

(1) If the Contractor, under the terms of this contract, or through the 
performance of tasks pursuant to this contract, is required to develop 
specifications or statements of work that are to be incorporated into a 
solicitation, the Contractor shall be ineligible to perform the work described in 
that solicitation as a prime or first-tier subcontractor under an ensuing NASA 
contract. This restriction shall remain in effect for a reasonable time, as 
agreed to by thk Contracting Officer and the Contractor, sufficient to avoid 
uni'air competitive advantage or potential bias (this time shall in no case be less 
than the duration of the initial production contract). NASA shall not 
unilaterally require the Contractor to prepare such specifications or statements 
of work under this contract. 

(2) To the extent that the work under this contract requires access to 
proprietary, business confidential, or financial data of other companies, and as 
lony as such data remains pro rietary 01' confidential, the Contractor shall 
protect these data from unaut orized use and disclosure and agrees not to use them l-i 
to compete with those other companies. 
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1.17 SMALL BUSINESS AND SMALL DISADVANTAGED BUSINESS SUBCONTRACTING 
REPORTING (NASA/FAR SUPPLEMENT 18-52.219-75) (SEP 1992) 

(a) The Contractor shall submit the Summary Subcontract Report (Standard Form 
[SF] 2Y5) quarterly for the reporting periods specified in Block l.A. of the form. 
Re orts are due 30 days after the close of each reporting period. 
(by The Contractor shall also complete Item 15 (Subcontract awards to 
Historically Black Colleges and UniversitieslMinoritv Institutions) in accordance 
with the exjsting instructions applicable to DOD act;vities. 
(c) All other provisions in the instruction paragraphs of the SF 295 rema 
effect. 

in in 

(d) The Contractor shall include this clause in all subcontracts that inc 
clause at FAR 52.219-9. 

lude the 

1.18 TECHNICAL DIRECTION (NASA 18-52.242-70) (MAR 1989) 

(d Performance of the work under this contract is subject to the written 
technical direction of the Contractiny Officer's Technical Representative (COTR), 
who shall be specifically appointed by the Contracting Officer in writ'ing in 
accordance with NASA FAR Supplement 18-42.270. "Technical direction" means a 
directive to the Contractor that approves approaches, solutions, designs, or 
refinements; fills in details or otherwise completes the general description of 
work or documentation items; shift5 emphasis among work areas or tasks; or 
furnishes similar instruction to the Contractor. Technical direction includes 
requiring studies and pursuit of certain lines of inquiry regarding matters within 
the qeneral tasks and requirements in Section C of this contract. 
(h) The COTR does not have the authority to, and shall not, issue any 
instructions purporting to be technical direction that - 

(I) Constitutes an assignment of additional work outside the statement of 
work; 

(2) Constitutes a change as defined in the changes clause; 
(3) In any manner causes an increase or decrease in the total estimated 

contract cost, the fixed fee (if any), or the time required for contract 
pertormance; 

(4) Changes any of the expressed terms, 
the contract; or 

conditions, or specifications of 

(5) Interferes with the Contractor's rights to perform the terms and 
conditions of the contract. 
(c) All technical, direction shall be issued in writing by the COTR. 
(d) The Contractor shall proceed promptly with the performance of technical. 
tlirectiorl duly issued by the COTR in the manner prescribed by this clause and 
within the COTR's authority. If, iri the Contractor's opinion, any instructions or 
direction by the COTR falls within r3ny of the categories defined in paragraph (b) 
above, the Contractor shall not proceed but shall notify the Contracting Officer 
in writing within 5 workinq days after r,eceiving it and shall request the 
Contracting Officer tu t(tke aclivrl rjj clp;crihed in this clause. Upon receiving 
this notification, the Contracting Officer shall either issue an appropriate 
cnntract modification wit.hin a reasonable time or advise the f:ontractor in writing 
within 30 that the instruction i3 - 

(1) Rescinded in its entiretv; ot 
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(2) Within the scope of the contract and does not constitute a change under 
the changes clause of the contract and that the Contractor should proceed promptly 
its performance. 
(e) A failure of the Contractor and Contracting Officer to agree that the 
instruction or direction is both within the scope of the contract and does not 
constitute a change under the changes clause, or a failure to agree upon the 
contract action to be taken with respect to the instruction or direction shall be 
subject to the Disputes clause of this contract. 
(f) Any action(s) taken by the Contractor in response to any direction given by 
any person other than the Contracting Officer or the COTR shall be at the 
Contractor's risk. 
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PART III - LIST OF DOCUMENTS, EXHIBITS AND OTHER ATTACHMENTS 

s5c.1 !QN. 11. ~~~-----. LIST OF ATTACHMENTS 

Exhibit A Statement of Work, June 1, 1993, 38 pages 
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Exhi bit B Contract Documentation Requirements, 7 pages 

txh bit C Installation-Provided Government Property, 1 page 

Exhi Ilit D Subcontracting Plan* 

Exhi bit E Register of Wage Determination and Fringe Benefits, 24 pages 

The following are located after the last section of this solicitation: 

Attachment 1 

At.t.ac:lmient 2 

Att,~rhment 3 

At i arhment 4 

Attachment 5 

Attachment 6 

Attachment 7 

Attachment 8 

At t achment 9 

Al.l.achmerit 10 

Attachment 11 

Attachment 12 

Attarhmerit I3 

Certificate of Current Cost or Pricing Data, Form PROC./P-281, 
May 1906, 1 page 

Contract Pricing Proposal Cover Sheet, Standard iorm 1411, 
July 1987 with instructinns, 4 pages 7 

FAR Provision 52.203-8, Requirement for Certificate of Procurement 
1ntegrit.v (NOV 1990) Alternate I (SEP 1990), 2 pages 

Cost Proposal Forms, 4 pages 

Staffing and Position Duatifications, 16 pages 

Bidder's Library information, 1 page 

Contractor-Furnished Vehicle Requirements, 1 page 

Geographical Limitation/l0 Mile Radius Map, 1 page 

NASA Handbook (NHB) 1700.6, Guide for Inservice Inspection of 
Ground-Based Pressure Vessels and Systems (January 18, 1976), 
56 pages 

NASA Langley Handbook (LHB) 1710.40, Safety Regulations Covering 
Pressurizetl Systems (Novemhor 1988), 40 pages 

NASA Langley Handbook (l-118) 1710.41, Langley Research Center 
Stantlatd for the Evaluation of Socket and Branch Connection 
Welds (April IYHO), 31 prtqes 

NASA Langlcv Ilandbook (LHB) 1740.4, Facility System Safety 
Analysis and Confiquratiorl Management (March 1992), 50 pages 

NASA Langley Management Instruction (LMI) 7000.2, Review Program 
for Langley Research Center (LaRC) Construction of Facilities 
(CoF) Projects (.June 25, 1991), 17 pages 

"Not applicable to Small Brrsines<cs. 



i 
'3,licitation No. l-39-5681.1014 43 

Attachment 14 NASA Langley Management Instruction (LMI) 7120.1, Aeronautic and 
Space Flight Projects and Experiments Review Program 
(October 21, 1980), 7 pages 

Attachment 15 Langley Guidance (NFM-IC), Guide for the Certification/ 
Recertification of Wind Tunnel Structural Systems 
(February 1993), 24 pages 
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1.0 SCOPE 

The Contractor shall perform a two-fold effort under this contract, (1) 

Inservice Inspection of Langley Research Center’s (LaRC’s) structural and 

high-pressure fluid systems, and (2) Configuration Management of the 

documents identified as vital to the safe operation of LaRC’s facilities. 

For Inservice Inspection, the Contractor shall: (1) define, analyze, inspect and 

document the existing structural and high-pressure fluid systems; (2) develop 

repair specifications for structural and pressure systems; (3) perform limited 

emergency repairs; and (4) provide storage for radiographs (Note: In most - 
instances, these systems will be pressurized during the Inservice Inspection.) * 

For Configuration Management, the Contractor shall: (1) evaluate and 

update the documentation in the Research Facility Configuration 

Management Program; (2) maintain a Risk Evaluation Program for 

designated “Labora tory” type facilities; (3) maintain an Asbestos 

Configuration Management Program; (4) maintain a Pressure Systems 

Configuration Management Program; (5) field verify and reformat the 

existing Recertification documentation; (6) provide safety engineering 

support for major and minor Construction of Facilities (CoF) projects; (7) 

track and monitor Problem Failure Reports; (8) organize, document and track 

CoF design reviews; (9) maintain a Configuration Management Program for 

designated Flight Projects; (10) control and update all of the Aerothermal 

Loads Branch’s supporting facility documents; and (11) operate the on-site 8’- 

Foot High Temperature Tunnel Library. 



2.0 ERVICE INSPECTION PROGRAM 

2.1 The Contractor shall perform Inservice Inspections of all ground-based, 

nonrecertified pressure systems at LaRC. (These systems may include high 

pressure gas, steam and liquid systems.) In performing this Inservice 

Inspection, the Contractor shall follow the procedures described in the 

NASA Handbook NHB 1700.6, “Guide for Inservice Inspection of Ground- 

Based Pressure Vessels and Systems,” January 18, 1976. 

The Contractor shall perform Inservice Inspections of the structural systems 

in the wind tunnels listed in Attachment I. In performing this Inservice 

Inspection, the Contractor shall follow the procedures described in NFM-IC, 

“Guide for the Certification/Recertification of Wind Tunnel Structural 

Systems”, February 1993. 

2.1.1 The Contractor shall perform Inservice Inspections of pressure and 

structural systems designated by the Contracting Officer Technical 

Representative (COTR), in the order of priority established by the 

Government. Milestone schedules for each inspection shall 

by the Contractor and will be approved by the COTR. These 

be subject to revision to accommodate unanticipated factors 

performance. 

be developed 

schedules will 

affecting their 

2.1.1.1 For analytical procedures, the Contractor shall use the appropriate guides 

and national consensus codes in analyzing the system components. 
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2.1e1.2 For inspections and tests, the Contractor shall: (1) nondestructively 

examine all high-stress areas identified in the analyses; and (2) 

nondestructively examine 10 2 l/Z% of the systems’ welds. Pressure- 

containing welds shall be radiographically examined. All other welds 

shall be inspected as specified in the appropriate national consensus codes. 

2.1.1.3 The Contractor shall perform additional nondestructive examinations 

(NDE) as required. 

2.1.1.4 In performing th_e NDE of pressure systems, the Contractor shall satisfy the 

following requirements. 1 

2.1.1.4.1 The Contractor shall use the NDE techniques given in Section V, 

American Society of Mechanical Engineers (ASME) Boiler and Pressure 

Vessel Code in completing the NDEs. 

. 

2.1.1.4.2 The Contractor shall use the matrix below to determine the acceptance 

criteria in evaluating the results of the NDEs. 

Type of 

Ultrasonic 

Radiographic 

Pressure 
Vessels 

Section VIII, Div. 1 
Paragraph 12-3 
ASME B&PV Code 

Section VIII, Div. 1 
Paragraph UW-51 
ASME B&l?V Code 

Pressure 
PiDing 

ANSI/ ASME 
831.3 
Pan. 344.6.2 

Butt Welds Socket & Branch 
Conn. Welds 

ANSI/ASME LHB 1710.41 
B31.3 
Para. 341.3.2 

Severe Cyciic 
Ca-tdi tions 
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Type of 
Nmi 

Magnetic Par title 

Liquid Penetrant 

2.1.1.5 

2.1.1.6 

2.1.1.7 

2.1.1.8 

2.1.1.9 

2.1.1.10 

Pressure Pressure 
Vessels m4ii 

Section VIII, Div. 1 ANSI/ASME 
Paragraph 6-4 B31.3 
ASME B&W Code Para. 341.3.2 

Section VIII, Div. 1 ANSI/ASME 
Paragraph 8-4 B31.3 
ASME B&W Code Para. 341.3.2 

In performing the NDE of structural systems, the Contractor shall satisfy 

the requirements of the appropriate national consensus codes. 

The Contractor shall develop weld location drawings that locate and 

number each weld in the systems. 

The Contractor shall mark on the weld all unacceptable areas identified by 

the NDE. 

The Contractor shall add all NDE results into the existing data- 

management system which currently uses the PC-FILE 5.01 database 

program. 

The Contractor shall provide staging as necessary for performing NDE. 

As required, the Contractor shall provide for: the removal of asbestos; 

packaging for disposal in accordance with applicable OSHA and EPA 

regulations; and delivery to an on-site storage container. 
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2.1.2 The Contractor shall develop drawings, specifications and cost estimates for 

repairs and/or replacement of various pressure and structural systems. 

After the repairs are completed, the Government will provide NDE results 

. to the Contractor. The Contractor shall enter these results into the existing, 

data-management system. 

2.1.3 The Contractor shall perform emergency repairs identified by the 

Government. 

2.1.3.1 The Contractor shall coordinate access to all NASA facilities, and all NDE 

with the cognizant NASA Facility Coordinators. 

2.1.3.2 The Contractor shall monitor all radiographic inspections with NASA- 

certified monitors. NASA will provide the training required for this 

certification. 

2.1.4 The Contractor shall provide continuous storage and security for all existing 

and future radiographs of pressure and structural systems. 
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3.0 CONFIGURATION MANAGEMENT 

3.1 The Contractor shall maintain LaRC’s existing Configuration Management 

(CM) Program. The LHB 1740.4, “Facility System Safety Analysis and 

. Configuration Management,” March 1992, describes the operation of the CM 

Program. 

3.1.1 Research Facility Configuration Management: On a continuing basis, the 

Contractor shall update all Configuration Controlled Documents (CCD) 

when Change Notification Sheets (CNS) and other required documents are 

submitted to the Contractor. Attachment II of this SOW lists the facilities 

currently in this program. This updating requires completion of the 

following activities. (CCD’s include system safety analyses, procedures and 

checklists, and drawings.) 

_ 

3.1.1.1 The Contractor shall appropriately modify the existing system safety 

analyses when changes are made to facilities in the CM Program. 

3.1.1.2 The Contractor shall appropriately modify the existing operating procedures 

and checklists when changes are made to facilities in the CM Program. 

3.1.1.3 The Contractor shall appropriately modify the existing Configuration 

Controlled Drawings when changes are made to the facilities in the CIM 

Program. As required, the Contractor shall field verify the configuration of 

the systems shown on the Configuration Controlled Drawings. 
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3.1.1.4 The Contractor shall participate in Annual CM Meetings described in 

Paragraph 4.3.a of LHB 1740.4. 

3.1.1.5 The Contractor shall support LaRC’s Safety Manager in conducting a 

minimum of 10 annual operating procedures demonstrations described in 

Paragraph 4.3.b of LHB 1740.4. Support includes accompanying facility 

personnel performing specific procedural tasks and noting deviations 

from existing procedures. 

3.1.1.6 The Contractor shall review and recommend either approval or 

disapproval of all CNS packages and attached documentation received at 

the Safety Office. 

3.1.1.6.1 The Contractor shall, after evaluating an incoming CNS package, 

recommend either approval or disapproval of the package by Head, 

Facility Assurance Section (FAS), Risk Management Branch (RMB); 

Systems Safety, Quality, and Reliability Division (SSQRD). 

3.1.1.6.2 The Contractor shall, when recommending disapproval of the CNS 

package, coordinate with the facility on clarification and resolution of 

problem areas. i Disapproval shall be agreed to by Head, FAS, RMB, 

SSQRD, before returning the CNS package to the facility. 

3.1.1.6.3 The Contractor shall, when recommending approval of the CNS package, 

submit it to the Head, FAS for approval signature and transmit the 

package to the Facilities Configuration Coordinator, Facilities Engineering 

Division for review and approval. 
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3.1.1.7 The Contractor shall store and secure optical disks containing approximately 

7000 configuration controlled drawings. The Contractor shall modify the 

drawings stored on these disks as required. The Contractor shall send a 

paper copy of each modified drawing to LaRC’s Engineering Drawing Files 

after each modification is completed. These drawings were scanned using 

an optical scanner, producing a raster image in CCITT Group IV, Byte 

Compressed Format. The Contractor shall modify these drawings using a 

system that is compatible with the existing optical disks. 

3.1.1.8 The Contractor shall, on’s continuing basis, update and add documentation 

to the CM Program in accordance with LHB 1740.4, for the facilities listed in 

Attachment III. 

3.1.1.9 The Contractor shall provide continuous storage and security for the Safety 

Analysis Reports, operating procedures, and checklists. 

3.1.2 Laboratory Risk Evaluation and Configuration Management. The 

Contractor shall produce risk evaluations and operating procedures for the 

asterisked facilities listed in Attachment IV. The Contractor shall maintain 

the CM program for the non-asterisked facilities listed in Attachment IV 

and add the asterisked facilities upon completion of their risk evaluations 

and operating procedures. / 

3.1.3 Asbestos Configuration Management. The Contractor shall maintain the 

Asbestos Configuration Management Program for the facilities listed in 

Attachment V. 
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3.1.4 

3.13 

3.1.6 

3.1.7 

3.38 

3.18.1 

Pressure Systems Configuration Management. The Contractor shall 

maintain the Pressure Systems Conffguratfon Management (PSCM) 

Program for the facilities listed in Attachment VI. The Contractor shall field 

verify all mcxU.fications to pressure systems in the PSCM Program. 

The Contractor shall fieId check, update, and reformat the Recertification 

documentation on the asterisked facflities in Attachment VI. 

System Safety Engineering. When directed by the Government, the 

Contractor shall provide system safety engineering support for CoF projects. 

Problem Failure Report Support. The Contractor shall track and monitor 

Problem Failure Reports (PFRs) submitted by facilities operating within the 

CM Program and/or under a Safety Permit. The Contractor shall prepare 

summary reports for the Safety Manager’s approval and distribution. 

Facility Design Review Support. The Contractor shall coordinate CoF 

Design Reviews for the FENGD in accordance with LMI 7000.2, “Review 

Program for Langley Research Center (LaRC) Construction of Facilities (CoF) 

ROjcCtS." 

The Contractor shall schedule the design reviews; reserve a suitable 

meeting room; in conjunction with approprfate LaRC management, 

establish the review committee and send out meeting notices. 



3.1.8.2 The Contractor shall attend the design reviews, draft the review minutes; 

compile the action items from the review, distribute the minutes and action 

items, and maintain the files of the minutes and action items. 

3.1.8.3 

3.1.9 

3.1.9.1 

3.1.9.2 

3.1.9.3 

3.1.9.4 

3.1.9.5 

The Contractor shall track all open action items and, issue monthly status 

reports. 

Flight Projects Configuration Management. The Contractor shall maintain 

the configuration management program for the flight projects listed in 

Attachment VII. . 

The Contractor shall use NASA and LaRC guidelines in maintaining the 

program’s procedures. 

The Contractor shall receive and review change packages for completeness 

and prepare packages for distribution to include suspense control, tracking 

and scheduling of Configuration Control Board (CCB) actions. 

The 

and 

Contractor shall coordinate the scheduling of the LaRC CCB meetings 

serve as secretary. 

The Contractor shall prepare completed change packages for the 
1 

concurrence of the particular flight project office. 

The Contractor shall perform CM audits and assist in quality assurance and 

Dhvsical audits. 
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3.1.9.6 The Contractor shall support LaRC in Flight Project design reviews, which are 

described in LMI 7120.1, “Planning and Approval of Major Research and 

Development Projects”, by assuring that an adequate Configuration 

Management Program is in place. 

3.1.10 The Contractor shall control and update all of the Aerothermal Loads Branch’s 

Supporting Facility Documents (SFD). 

3.1.10.1 The Contractor shall develop procedures for identifying, controlling, and 

updating SFDs and other related documentation. - 

3.1.10.2 The Contractor shall control, update and distribute all SFDs and other 

documentation as required. 

3.1.11 The Contractor shall operate the facility document library located at the 8-Foot 

High Temperature Tunnel (8’HTT). An inventory of all library documents 

shall be maintained. 

3.1.11.1 The Contractor shall assure that all 8’HTT SFDs are in Engineering Drawings 

Files. 

3.1.11.2 The Contractor shall issue the latest copies of all procedures for test runs to 

the Test Director, 8’HTT and maintain an inventory of all library 

documents. 



STRUCTURAL SYSTEMS INSERVICE 
INSPECTION 

RESEARCH FACILITIES LIST 

ATTACHMENT I 
TO EXHIBIT .A 



BUILDING 
NUMBER RESEARCH FACILITY 

582A 
585 
640 
643 
648 
1146 
1208 
1212c 
1221A 
1221D 
1236 
1242 
1247A-D 
1251 
1251A 

1257-62 
1264 
1265 
1275 

055 

Low Turbulence Pressure Tunnel 
6-Inch X 19-Inch Transonic Tunnel 
8-Foot Transonic Pressure Tunnel 
30 X 60-Foot Tunnel 
Transonic Dynamics Tunnel 
16-Foot Transonic Tunnel 
Acoustics Research Labora tory 
14-Foot X 22-Foot Subsonic Tunnel 
Jet Noise and Thermal Acoustic Fatigue Apparatuses 
Combustion-Heated Scramjet Test Facility 
National Transonic Facility - 
0.3-Meter Transonic Cryogenic Tunnel 
Hypersonic Facilities Complex 
Unitary Wind Tunnel 
31-Inch Mach 10 Tunnel and‘lS-Inch Mach 6 High 
Temperature Tunnel 
Aircraft Landing Dynamics Facility 
7-Inch High Temperature Pilot Tunnel 
8 Foot High Temperature Tunnel 
20-Inch M6 CF4 Tunnel 

ATTACHMENT I 
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EFFORT 
CODE 

01 West Area High Pressure Air System 
02 . 20-Inch Mach 6 CF4 Tunnel 
03 8-Foot High Temperature Tunnel 
05 Hypersonic Blowdown Tunnels 
07 20-I&t Mach 17 N2 Tunnel 
12 Aero Thermal Arc Tunnels 
13 Visual Motion Simulator 
14 Drive Control Facility 
16 31-Inch Mach 10 Tunnel 
17 15-Inch Mach 6 High-Temperature Tunnel 
18 Transonic Dynamics Tunnel 
19 14 X 22 Foot Subsonic Tunnel 
21 &Foot Transonic Tunnel 
22 Acoustics Research Labora tory 
23 Hypersonic Materials Test Apparatus 
24 - Unitary Wind Tunnel 
25 Scramjet Test Facility 
26 60-Inch Mach 18 Helium Tunnel Complex 
27 60-Inch Mach 18 Helium Recovery System 
28 Hypersonic Helium Tunnel Facility 
29 Aircraft Landing Dynamics Facility 
30’ HPB Ceramic Heated Combustion Facility 
31* Vortex Research Facility 
33 Impact Dynamics Research Facility 
34 0.3 Meter Transonic Cryogenic Tunnel 
35 Anechoic Noise Facility 
36 Jet Noise Apparatus 
37 Thermal Acoustic Fatigue Apparatus 
38 East Area High Pressure Air System 
39 8-Foot Transonic Pressure Tunnel 
40 Low-Turbulence Pressure Tunnel 
43 6-Inch X 19-Inch Transonic Tunnel 

BUILDING 
NUMBER 

N/A 
1275 
1265 
1247D 
12478 
1267 
1268A 
1241 
1251A 
1251A 
648 
1212c 
1146A-D 
1208- 
1148 , 
1251 
1247B 
1247H 
12478 
12478 
1257-1262 
1263 
7208 
1297 
1242 
1218A 
1221A 
1221A 
N/A 
640 
582A 
585 

ATIACHMENT II 
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EFFORT 
FAcILIlX 

50 
52* 
58 
59’ 
60 
61 
62 
64 
66 
67 
68 
69 
71 
80 

Vacuum Sphere Control and 60-Foot Simulator 
High Speed 7 X lo- Foot Tunnel 
Impact and Projectile Range 
Chemical Kinetic Shock Tube 
30 X 60- Foot Tunnel 
12-Foot Low-Speed Tunnel 
20-Foot Vertical Spin Tunnel 
DC-9 Simulator 
Differential Maneuvering Simulator 
General Purpose Simulator 
General Aviation Simulator 
70Inch High Temperature Tunnel 
Vitiated Heater, Test Cell #2 
Combustion and Mixing Research Apparatus, Test 
Cell # 1 

1295B-D 
12128 
1275 
1275 
643 
644 
645 
1220 
1268A 
1220 
1268A 
1264 
1221c 
1221c 

84 Hangar Water Deluge System 1244 
85 Hevi-Duty Brazing Vacuum Furnace 12324 
86 16-Meter Thermal Vacuum Chamber 12938 
89 Building 1267A Autoclaves 1267A 
91 Composite Shop Autoclave 12388 
92 Hypersonic Helium Tunnel Recovery System 12478 
93 Transport System Res. Vehicle Simulator 1268B 
95 Space Environment Effects Lab 1120 
97 Space Structures Research Lab 1293A 
98 West Area Heating Plant & Steam Distribution 1215 
99** National Transonic Facility 1236 

l 

l * 

Facility in standby status at this time. 

The Contractor is not required to provide updated facility drawings for Effort 
Code 99. 

BUILDING 
MJMBFR 

ATTACHMENT II 
TO EXHIBIT A 
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Es: 

14 Drive Control Facility 

17 15-Inch Mach 6 High-Temperature Tunnel 

22 Acoustics Research Labora tory 

24 Unitary Wind Tunnel 

25 Scramjet Test Facility 

26 60-Inch, Mach 18 Helium Tunnel Complex 

27 60-Inch, Mach 18 Helium Recovery Sys tern 

35 Anechoic Noise Facility 

37 Thermal Acoustic Fatigue Apparatus 

39 8 Foot Transonic Pressure Tunnel 

40 Low-Turbulence Pressure Tunnel 

50 !‘acuum Sphere Control and 60-Foot Space Simulator 

61 12-Foot Low Speed Tunnel 

62 20-Foot Vertical Spin Tunnel 

68 General Aviation Simulator 

84 Hangar Water Deluge Sys tern 

FACILITY NAME 

ATTACHMENT III 
TO EXHIBIT A 



LABORATORY TYPE FACILITIES 
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BUII,DING 

1. Instron, Test Machine A 
2. Instron;Test Machine B 
3. instron, Test Machine C 
4. Instron, 25-KIP Test Machine 
5. Tinius Olsen, 30-KIP Test Machine 
6. MTS, 50-KP Test Machine A 
7. PUTTS, 50-m Test Machine B 
8. MTS, 100~KB? Test Machine 
9. Satec, lOO-KIP Test Machine 
10. Satec, 120-KIP Test Machine A’ 
11. Satec, 120-KIP Test Machine B 
12. Satec, 300~KIP Test Machine 
13. Satec, 1200-KIP Test Machine 
14. Abar, High Temperature Vacuum Furnace A 
15. Abar, High Temperature Vacuum Furnace B 
16. Super Plastic Forming System 
17. Super Plastic Stretch Forming 
18. Shore Western, IO-KIP Hydraulic Fatigue Test System #6 
19. Shore Western, 20-KIP Hydraulic Fatigue Test System #lO 
20. Shore Western, 50-KIP Hydraulic Fatigue Test System #12 
21. Shore Western, 2%KIP Hydraulic Fatigue Test System #15 
22. MTS, 50-KIP Hydraulic Test System #16 

23. NASA-Fabricated, ATB Hydraulic Test System #17 
24. MTS, lOO-KIP Hydraulic Fatigue Test System #18 

1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1148 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
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25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 

MTS, 50-KU? Hydraulic Fatigue Test System #19 
MTS, 300-KU? Hydraulic Fatigue Test System #2O 
Western Booneshaf t, 400-KIP Hydraulic Fatigue Test Sys tern #21 
NASA-Fabricated, Biaxial Hydraulic Fatigue Test System #22 
MTS, 20-KIP Hydraulic Fatigue Test System #23 
MTS, 20-KIP Hydraulic Fatigue Test System #24 
MT’S, 20-KU? Hydraulic Fatigue Test System #25 
Shore Western, 20-KIP Hydraulic Fatigue Test Sys tern #26 
MTS, lOO-KIP Hydraulic Fatigue Test System #27 
Instron, Screw-Driven Fatigue Test Stand #l 
Harrop, Lab Multi-parameter Test Stand #l 
Harrop, Lab Multi-parameter Test Stand #2 
Harrop, Lab Multi-parameter Test Stand #3 
MTS, Tension, 5-KIP Torsion, 2,000~inch pounds, Test Stand #13 
MTS, Tension, 20-KIP Torsion, 10,000-inch 
yxmds, Test Stand #13 

40. Instron, ‘:30-KIP Fatigue Test Stand #2 
41. Instron, SO-KIP Fatigue Test Stand #3 
42. Instron, S&KU? Fatigue Test Stand $4 
43. Instron, 20-KIP Fatigue Test Stand #5 
44. Instron, 20-KLP Fatigue Test Stand $6 
45. Instron, 20-KIP Fatigue Tes; Stznci 3,’ 

46. Instron, 20-KIP Fatigue Test Stand $8 
47. Satec Creep Test S tar.d #1 
48. Satec Creep Test Stand #2 

! 

ORY FACT1 .ITY 
- BUILDIN 

1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 - 

’ 1205 
1205 

TO E,XHIFJIT 4. 
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BUrLDING 

49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 

68. 

69. 
70. 
71. 
72. 

Satec Creep Test Stand #3 
Satec Creep Test Stand #4 
Satec Creep Test Stand #5 
Arcweld Creep Test Stand #6 
Satec Creep Test Stand #7 
Satec Creep Test Stand #8 
Sa tee Creep Test Stand #9 
Arcweld Creep Test Stand #lO 
Satec Creep Test Stand #ll 
Arcweld Creep Test Stand #12. 
Satec Creep Test Stand #13 - 
Satec Creep Test Stand #14 
Arcweld Creep Test Stand #15 
Satec Creep Test Stand #16 
30” x 4’ Autoclave System 
200# Vacuum Furnace 
3-Ft. Centrifuge Furnace 
6-Ft. Centrifuge Furnace 
DYNAVAC Sputter System #l and PLASMA THERM RF Power 

SUPPlY 
Materials Research Corp (MRC) Sputtering System #2 and RF 
Power Supply 
18” NASA Modified Vacuum Chamber #3 
30” Vacuum Chamber #4, NASA Fabricated 
Vacuum Chamber #5, NASA Fabricated 
Scanning Electron Microscope (SEMI #l , 

1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 

1293c 
1237A 
1237A 
1237A 
1238A 

1238A 

1238A 
123814 
1238A 
1238A 
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73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94 
95. 
96. 
97. 
98. 
‘99. 

i 

Scanning Electron Microscope (SEMI #2 
Thermal Structures Lab 110 KII? MTS Machine 
Pasadena 50 KIP Hydraulic Press #l 
Wabash 30 KD? Hydraulic Press #2 
Wabash 30 KU? Hydraulic Press #3 
Wabash 12 KIP Hydraulic Press #4 
Erie 300 KIP Hydraulic Press #5 
Oliver 500 KIP Hydraulic Press #6 
Low Temperature Oven #l 
Low Temperature Oven #2 
Low Temperature Oven #3 * 
Low Temperature Oven #4 
Low Temperature Oven #5 
Heavy-duty Pit Furnace 
Harrop Box Furnace 
Limberg Furnace #l 
Limberg Furnace #2 
Limberg Furnace #3 
West Pit Furnace 
Flame Spray 
X-Ray Lab 
Variable Frequency Converter No. 1 
Variable Frequency Converter No. 2 
Variable Frequency Converter No. 3 
Acoustic Flow Impedance Tube 
Thermal Structures Test Apparatus 
Mach-4 Blowdown tunnel 

062 
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1238A 
1267 

1267A 
1267A 
1267A 
1267A 
1267A 
1267A 
1267A 
1267A 
1267A 
1267A 
1267A 

’ 1267A 
1267A 
1267.4 
1267A 
1267A 
1267A 
1296 
1296 
1235 
1235 
1235 
1287 
1208 

1221c 

ATTACHMENT IV 
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Bl JILDING 

“100. Swirljet Facility 
$101. Atmospheric Controlled Combustion Apparatus 
l 102. Intelligent Systems Research Laboratory 

*103. Automated Structural Assembly Laboratory 
+104. Telerobotics Systems Research Laboratory 
l 105. Magnetic Suspension and Balance System 
l 106. 3-Inch Helium Tunnel 

*107. Z-Inch Low-Speed Tunnel 
*108. 7-Inch By ll-Inch Low-Speed Tunnel 
*109. 2X3 Low Speed Boundary Layer Channel 
*llO. 2” x 6” Low-Speed Tunnel 

‘+I 11. Basic Aerodynamics Research Tunnel 
+112. Instron, 20-KIP Fatigue Test Stand #LDl 
l 113. Instron, 20-KIT Fatigue Test Stand #LD2 
“114. Instron, 20-KIP Fatigue Test Stand #LD3 
*115. Instron, 20-KIP Fatigue Test Stand #LD4 
‘116. Ins&on, 20-KIP Fatigue Test Stand #LD5 
*117. Instron, 20-KIP Fatigue Test Stand #LD6 
‘118. Instron, 20-KIP Fatigue Test Stand #LD7 
*119. Instron, 20-KIP Fatigue Test Stand #LD8 

l 120. Instron, 20-KIP Fatigue Test Stand #LD9 
*121. Instron, 20-KIP Fatigue Test Stand #LDlO 
*122. Instron, 50-KII? Fatigue Test Stand #LDll 
*X3. Instron, 50-KIl? Fatigue Test Stand #LD12 
‘124. Instron, 50-KIP Fatigue Test Stand #LD13 

*125. Instron, 50-I9P Fatigue Test Stand #LDl4 
l 126. Instron, 50-KIP Fatigue Test Stand XLDl5 

1221c 
1265 
1220 
1220 
1220 
1212 

1247B 
12478 
1247B 
1247H 
1247H 
7208 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
1205 
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‘127. 
*128. 
+129. 
‘130. 
‘131. 
*132. 
l 133. 
+134. 
*135. 
*136. 
l 137. 
*138. 
*139. 
l 140. 
*141. 
l 142. 
‘143. 
$144. 
l 145. 
‘146. 
‘147. 
‘148. 
‘149. 

Ins&on, 50-KII? Fatigue Test Stand #LD16 
Instron, 50-KIP Fatigue Test Stand #LD17 
Instron, 50-KIP Fatigue Test Stand #LD18 
Instron, 50-KIP Fatigue Test Stand #LD19 
Instron, 504UP Fatigue Test Stand #LD20 
Tire Test Rig #I 
Tire Test Rig #2 
Diagonal Braking Vehicle 
Instruxnen ted Tire Test Vehicle 
18-Ft. Shock Test Machine 
120 KIP Emery/Baldwin Test Machine 
10 KIP Digital Tinius Olsen Test Machine 
MTS 810,22KIP, Material Test System 
MTS 312, IlO-KB?, Material Test System 
Applied Test System, Series 3710A Furnace 
RI. Controls, Parabolic Clamshell, Radiant Heating Chamber 
Oriel Corp., Model 66022 Collimated Light Source 
Agema, Thermovision, Thermal Camera 
Shore-Western, 500 KIP, Hydraulic Test Stand 
Clamshell Furnace 
Furnace and Controller 
Tape Prepregging Machine 
LEPEL RF Power Supply 

1205 
1205 
1205 
1205 
1205 
1262 
1262 
1262 
1262 
1262 
1262 

- 1262 
1267 

7 

1267 
1267 
1267 
1267 
1267 
1267 
1267 
1267 

1293c 
1238A 

YThe Con tractor shall add these laboratory- type facilities to the Configuration Management 
Program. 
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115 

11: 

11: 

111 

11, 

11 

11 

11 

-11 

11 

1: 

1: 

1 

1 

582,A 

583 

583A 

584 

640 

641 

643 

644 

645 

645A 

646 

647 

648 

720,A,B 

1120 

11338 

1146,A,B,C 

1148 

1149 

1151 

Low Turbulence Pressure Tunnel 

26-Inch & 6 X 28-Inch Transonic Tunnel Facility 

East Area Rough Storage 

Langley Air Force Office Building 

&Foot Transonic Pressure Tunnel 

8-Foot TPT Office Building 

30 X 60-Foot Tunnel 

1ZFoot Low-Speed Tunnel 

20-Foot Vertical Spin Tunnel 

Spin Research Office Facility 

East Area Compressor Station/Engineering Technology Lab 

General Rotor Aeroelastici ty Lab 

Transonic Dynamics Tunnel/Flutter & Aeroelas tici ty 

Hydrodynamics Research Facility 

Space Environment Effects Lab 

PSCN Earth Station 

16-Foot Transonic Tunnel 

Structures & Materials Lab 

Technology Utilization and Medical Center 

Management Support/Security Services 

ATTACHMENT V 
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1209 

1212 

1212B 

1212c 

1213 

1215 

1218 

1218A 

1219 

1220 

1221,A,B,D Hypersonic Propulsion Facility 

1222 H.J.E. Reid Conference Center 

1225 Advanced Machining Development Lab 

1228 Main Gate House/Badge & Pass Office 

1229,A Structural Mechanics & Dynamics Lab 

1230 Instrumentation Research Lab 

1231A Langley Skywa tchers Observatory 

1232,A,B Space Technology Lab 

1234 Jet Exit Test Facility 

1235 Frequency Converter Facility 

i 

Facilities and Sys terns Engineering Building 

Subsonic Tunnels Offices/13-Inch Magnetic Suspension Lab 

High Speed 7 X 10 Foot Tunnel 

14 X 22 Foot Subsonic Tunnel 

Cafeteria 

West Heating Plant 

Executive Conference Center 

Anechoic Noise Facility 

Headquarters ’ 

Information Systems Research Facility - 

ATTACHMENT V 
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1236,A 

1237A,B,C 

1238,k 

1241 

1242,A 

1244,C,D 

1247A-D,H 

1247E 

12476 

1248 

1249 

1251 

1251A 

1256 

1256A 

1258 

1259A 

1262 

1263 

1264 

1265,A-E 

1267,A,B 

National Transonic Facility 

Foundry/Glass Blowing Lab 

Electronics Technology Lab 

Drive Control Facility 

0.3-Meter Transonic Cryogenic Tunnel/Cry0 LN2 Tank 5 

Hangar & Flight Research Office Bldg./Space Station Complex 

Gas Dynamics Lab Complex 

Compressor S tafion 

OSD - LOB & TOB Section Office 

Fire Protection Facility 

- 

Environmentally Controlled Warehouse 

Unitary Plan Wind Tunnel clr Research Offices 

31-Inch Mach 10 Tunnel/l5-Inch Mach 6 High Temperature Tunnel 

Micrographics & Engineering Drawing Files 

Space Environment Effects Lab 

Landing Loads Compressor & Control Building 

Refrigeration Facility 

Aircraft Landing Dynamics Office/Shop 

7” HTT DAS Building 

1 7-Inch High Temperature Tunnel 

8-Foot High Temperature Tunnel 

Thermal Structures Labora tory/West 

1268 Data Reduction Center 
ATTACHMENT V 
TO EXHIBIT A 
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1268A 

1270 

12708 

1271 

1272 

1273 

1274 

1275 

1276 
- 1283 

1284A 

12848 

1284c 

1292 

1293A 

1293B 

1294 

1295 

1296 

1297,A 

Flight Simulation Labora tory 

Printed Circuit & Encapsulation Lab 

Composite Storage Building 

Engineering Support Lab #2 

Engineering Support Lab #3 

Lidar Lab 

Planetary Entry Radiation Lab 

Radiation Reentry Research Lab 

Lidar Research’Lab Storage 

Engineering Lab/Fabrication Lab 

Storage 

Component Verification Facility 

Cloud Chemistry Lab 

Building Trades Shop 

Advanced Composite Materials Lab 

Spacecraft Dynamics Lab 

Engineering Support Lab #1 

60-Foot Vacuum Sphere Shop 

Ceramic Spray Shop 

Impact Dynamics Research Facility 
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1298 

1299 

1300 

1312 

FACILITY 1 

Guidance & Control Research Lab 

Flight Electronics Lab 

Hypersonic Technology Office 

LAFB Liaison Office 
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582,A 
585 - 
640 
643’ 

1 l%,A-D* 
1148 
1204* 
1205’ 
1208* 
1212B+ 
1212C’ 
1215 
1218A* 
1220+ 
1221,A-D 
122Y 
1230A* 
1232A 
1234 
1236 

FACILITY NAME 

Low Turbulence Pressure Tunnel 
6 X 19 Inch Transonic Tunnel 
8 Foot Transonic Pressure Tunnel 
30 X 60 Foot Tunnel 
Transonic Dynamics Tunnel 
16 Foot Transonic Tunnel 
Structures and Materials Lab 
Electrical Systems Section Lab 
Materials Research Lab 
Acoustic Research Lab 
High Speed 7 X 10 Foot Tunnel 
14 X 22 Foot Subsonic Tunnel 
West Heating Plant 
Anechoic Noise Facility 
Information Sys terns Research Facility 
Hypersonic Propulsion Facility 
Advanced Machine Development Lab 
Gas Flow Calibration Lab 
Fabrication Shop 
Jet Exit Test Facility 
National Transonic Facility 
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1242, 
1244’ 
1247A,B,C,D,H 
1251 
12SlA 
12!58*,A* 
1264 
1265,A-E* 
1267 
1267A 
1268A’ 
1270* 
1275 
1284B+ 
1287 
1293B” 
East Air 
west Air 

0.3 Meter Transonic Cryogenic Tunnel 
Hangar & Flight Research Office Building 
Gas Dynamics Lab Complex 
Unitary Wind Tunnel 
31 Inch Mach 10 Tunnel 
Landing Loads Comp & Cont Bldg./Jet Valve Bldg. 
7 Inch High Temperature Tunnel 
8 Foot High Temperature Tunnel 
Thermal Structures Lab 
Materials Prockssing and Development Shop 
Flight Simulation Lab 
Printed Circuit and Encapsulation Lab 
Radiation Reentry Research Facility 
Component Verification Building 
Flow Impedance Test Lab 
Spacecraft Dynamics Lab 
East Area High Pressure Air System 
West Area High Pressure Air System 

*Documentation requires verification and reformatting. 
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1, Clouds and the Earth’s Radiant Energy System (CERES) 

21 Lidar In-Space Technology Experiment (LITE) 

3. Measurements of Air Pollution from Satellites (MAPS) 

4. Small Expendable Deployment System (SEDS) 

5. Spectroscopy of the Atmosphere Using Far Infrared Emission (SAFIRE) 

6. Stratospheric Aerosol and Gas Experiment III (SAGE III) 

- 
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ABBREVIATIONS 

1. ASME 
2. CCB 
3. CCD 
4. CM 
5. CNS 
6. CoF 
7. corn 
8. 8’ H-IT 
9. EPA 
10; FAS 
11. FENGD 
12. LaRC 
13. LHB 
14. LMI 
15. NASA 
16. NDE 
17. NHB 
18. OSHA 
19. PC-File 
20. PFRS 
21. PLC 
22. I’SCM 
23. RMB 
24. SFD 
25. SSQRD 

American Society of Mechanical Engineers 
Configuration Control Board 
Configuration Controlled Documents 
Configuration Management 
Change Notification Sheets ’ 
Construction of Facilities 
Contracting Officer Technical Representative 
8 FT. High Temperature Tunnel 
Environmental Protection Agency 
Facility Assurance Section 
Facilities Engineering Division 
Langley Research Center 
Langley Handbook 
Langley Management Instructions 
National Aeronautics and Space Administration 
Nondestructive Examinations 
NASA Handbook 
Occupational Safety and Health Administration 
Personal Computer File 
Problem Failure Reports , 

Programmable Logic Con troller 
Pressure Systems Configuration Management 
Risk Management Branch 
Supporting Facility Document 
Systems Safety, Quality, and Reliability Division 
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EXHIBIT B - CONTRACT DOCUMENTATION REOU I REMENTS 

I. DOCUMENTATION PREPARATION/SUBMISSION INSTRUCTIONS 

A; Financial Management Reports --The Contractor shall comply with the 
Section I clause of this contract entitled "NASA Contractor Financial Management 
Reporting" by monthly submission of NASA Form 533M. The form shall be prepared 
and submitted in accordance with the instructions set forth on the reverse side of 
the form and NASA Handbook "Procedures for Contractor Reporting of Correlated Cost 
and Performance Data" (NHB 9501.2) as further definitized below. 

1. Due not later than the 10th operating day following the close of the 
Contractor's accounting month being reported. 

2. Columns 7.b. and d. shall be completed using the time-phased 
financial baseline plan approved as part of the Management and Operations Plan. 

3. Columns 8.a. and b. shall be completed using estimates (forecasts) 
for the succeeding two months. 

4. Minimum reporting categories: 

To be negotiated 

5. Each 533M shall include a narrative explanation for monthly 
variances exceeding 10 percent between planned hours and dollars and actual hours 
and dollars for each reporting category. 

B. Quarterly Financial Management Report--The Contractor shall submit a 
quarterly financial report detailed by categories specified in A.4 above on NASA 
Form 5334 at times and in accordance with the instructions contained on the 
reverse side of the form. 

C. Management and Operations Plan-- Within 15 calendar days after contract 
award, the Contractor shall submit for the Contracting Officer's approval a 
comprehensive Management and Operations Plan containing, as a minimum, the 
following: 

1. Continuing Plan-- Detailed plans for maintaining competent staffing 
at each organizational level. These plans shall include the methods to be 
employed in accommodating fluctuating workloads, for backup arrangements to 
accomfiodate personnel absences, for personnel training and for recruiting 
replacements and additional personnel. Include management policies which 
contribute to employee retention, morale, and productivity, such as career 
development, fringe benefits, leave, salary, employee recognition, and recognizing 
and correcting morale problems. Include policies and procedures for recruiting, 
hiring, training, and career development of disabled persons. Also, include 
program(s) for motivating and incentivizing employees to continuously improve and 
increase productivity, 

2. Technical Operations Plan--Plans for organizing, assigning 
resources, and performing each task area outlined in the Statement of Work; 
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tracking and controlling the work; recognizing and reporting technical problems 
and schedule slippages and follow-up on reported problems. In addition, include a 
brief description of: the proposed method of controlling actual versus planned 
costs; procurement functions to be performed at the Contractor's facility/home 
office; your purchasing practices and procedures; plans for selecting, monitoring 
and -administering any proposed subcontract effort; and plans for maintaining 
operational status of Contractor-furnished Items and Government-furnished 
Equipment. 

3. Contractor's Facility--Location, general description, and interior 
layout of the facility, including lease and/or purchase agreements, the method 
planned for maintaining full operational capability of the facility. 

4. Organization-- An organization chart and narrative describing the 
proposed organization, Contractor/Government interfaces, lines of authority within 
the organization, and responsibilities and authority of the Key Personnel 
including a discussion of the proposed managerial authority, autonomy and 
relationship with the "home office," if applicable. 
- 

5. Financial Baseline Plan--A time-phased financial baseline plan, 
detailing by month how you plan to incur costs for the period, shall be submitted 
for the first 120month interval of the total five year contract period. Financial 
baseline plans for each of the remaining 12-month intervals shall be submitted 
within 10 days of the anniversary of the effective date of this contract. 
Financial baseline plan revisions resulting from the exercise of priced option 
hours shall be submitted 10 days following the effective date of the option being 
exercised. This plan shall include the periods by the cost categories specified 
in Paragraph A.4 above. The total estimated cost and level of effort reflected in 
the baseline plans must equal the contract values for the total contract period. 

The Management and Operations Plan shall be updated as required during the 
contract performance by submission of revised pages for approval of the .. I 
Contracting Officer. 

0. Safety and Health Plan--Within 30 calendar days after the effective date 
of the contract, the Contractor shall submit a detailed safety and health plan 
showing how the Contractor intends to protect the life, health, and well being of 
NASA and Contractor employees as well as property and equipment. This plan, as 
approved by the Contracting Officer, shall be in accordance with NASA FAR 
Supplement M-52.223-73 and should contain, as a minimum, the following: 

1. Points of Contact and Responsibility - Organizational flow chart and 
description of responsibilities of each employee in your organization for safety. 

2. Employee Safety Training, Certification and Programs - Detailed 
information on type of training required, parties responsible for certification, 
and outline of applicable regulations. Detail company programs which emphasize 
personal safety and motivated employees to be safety conscious. 

3. LaRC Safety Policies/Procedures - Recognition of applicable i&C 
safety policies and procedures such as Langley Handbook 1710.!0, laRC Red :a; 
System. 
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quarterly. The reporting periods shall end December, March, June, and September 
with the respect due by the 30th day of the month following the close of the 
period. 

You are further instructed to include the following information in Block 
18 of the SF 294. NOTE: This information is a subset of Items 15A and 16 and 
should also include information obtained from your subcontractors SF 294's. 

Subcontract awards to Women-Owned Small Business Concerns this reporting 
period: $ . 

Subcontract awards to Historically Black Colleges and Universities 
and/or Minority Educational Institutions this reporting period: $ . 

M. Skill Mix and Wage Report--Within 30 calendar days after the effective 
date of this contract, the Contractor shall furnish to the Government a skill mix 
and wage report that includes company position titles and current hourly rates. 
Unless new or additional, any company job titles that differ from the Government 
job titles specified in Attachments 6 and 7 of the RFP shall be cross-referenced 
to the Government job titles. 

Within 30 calendar days after the end of each contract year, the 
Contractor shall furnish to the Government a follow-up report that includes the 
foregoing information plus the percentage (if any) each labor rate has escalated 
since the last report, an explanation by position of those escalations which 
exceed (*) percent since the last report, and the amount of cash awards or 
bonuses (if any). 

N. FENGD Desi 
9 

n Reviews Action Item Status and Sumnary--The Contractor 
shall submit a month y report detailing the status of Action Items submitted 
during FENGD Design Reviews. 

0. Summary of Problem/Failure Report--The Contractor shall submit a 
quarterly summary report of failures and a yearly analysis of trending data. 

II. DOCUMENT DISTRIBUTION REQUIREMENTS--ALTERNATE I (LaRC 52.210-96) 
(JUN 1988) 

A. Unless otherwise specified elsewhere in this contract, reports and other 
documentation shall be submitted F.O.B. destination as specified below, addressed 
as follows: 

National Aeronautics and Space Administration 
Langley Research Center 
Attn: 8 Mail Stop - 
Contract NASl- 
Hampton, VA 23681-0001 

*To be negotiated. 
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B. The following letter codes designate the recipients of reports and other 
documentation which are required to be delivered prepaid to Langley Research 
Center by the Contractor: 

A--Contract Specialist, Mail Stop 126 

B--Contracting Officer Technical Representative, Mail Stop 437 

C--Cost Accounting, Mail Stop 135 

D--Safety Manager, Mail Stop 429 

E--Industry Relations Office, Mail Stop 105 
. - 

F--Programs and Resources Division, Mail Stop 104 

G--Industrial Property Office, Mail Stop 377 

H--Industry Assistance Office, Mail Stop 144 

I--According to instructions on form 

C. The following are the distribution requirements for reports and other 
documentation required with the numeral following the letter code specifying the 
number of copies to be provided: 

DOCUMENT 

Financial Management Report (NASA Forms 533M 
and 533Q) 

LETTER CODE AND 
-DISTRIBUTION 

A-l, B-l, C-2, 
D-l, E-l, F-l 

Management and Operations Plan and Revisions A-l, B-3 

Safety and Health Plan and Revisions 

Quarterly Technical Progress Report 

A-l, B-l, D-1 

A-l, B-l, D-1 

Quarterly Accident/Injury Report 

Conformable Wage Rate Agreement 

A-l, B-l, D-1 

A-l, B-l, E-l 

Report of Government-Owned/Contractor-Held Property 
(NASA FOrIII 1018) 

A-l, B-l, G-2 

Subcontracting Report for Individual Contracts 
(Standard Form 294) 

. . A-l, H-l 

Summary Subcontractor Report (Standard Form 295) 

Report on NASA Subcontracts (NASA Form 667) 

A-l, H-1, ! 

A-1, H-l, i 



EXHIBIT C 

INSTALLATION-PROVIDED GOVERNMENT PROPERTY 
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EXHIBIT C 

INSTALLATION-PROVIDED GOVERNMENT PROPERTY 

Installation-Provided Government Property that will be provided to the Contractor 
on-site at Langley Research Center. 

ITEM PUANTITY 

Bookcase 
Chair, Office 
Chair, Side 
Desk, Office 
Desk, Computer 
Drawing Rack 
File Cabinet 
Lamp, DZ%k 
Table, 30" X 60" 
Table, Printer 

1 
4 

i 
5 
18 
3 

: 



i 

EXHIBIT D 

SUBCONTRACTING PLAN 
(To be incorporated at contract award.) 



EXHIBIT E 

REGISTER OF WAGE DETERMINATION AND FRINGE BENEFITS 
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PART IV - REPRESENTATIONS AND INSTRUCTIONS 

SECTION K - REPRWNTATIONS. CERTIFICATIONS AND OTHER STATEMENTS OFOFFERORS 

K.l CONTINGENT FEE REPRESENTATION ANO AGREEMENT (FAR 52.203-4) 
(APR 1984) 

(a) Representation. The offeror represents that, except for full-time bona fide 
employees working solely for the offeror, the offeror - 
(NOTE: The offeror must check the appropriate boxes. For interpretation of the 

representation, including the term "bona fide employee", see Subpart 3.4 
or the Federal Acquisition Regulation.) 

(1) ( ) has, ( ) has not, employed or retained any person or company to 
solicit or obtain this contract; and 

(2) ( ) has, ( ) has not, paid or agreed to pay to any person or company 
employed or retained to solicit or obtain this contract any commission, 

- percentage, brokerage, or other fee contingent upon or resulting from the award of 
this contract. 
(b) Agreement. The offeror agrees to provide information relating to the above 
Re resentation as requested by the Contracting Officer and, when subparagraph 

d;ei:!r 
or (a)(2) is answered affirmatively, to promptly submit to the Contracting 

(1 
(SF 119 

i 

- A completed Standard Form 119, Statement of Contingent or Other Fees, 
; or 

(2 A signed statement indicating that the SF 119 was previously submitted 
to the same contracting office, including the date and applicable solicitation or 
contract number, and representing that the prior SF 119 applies to this offer or 
quotation. 

K.2 CERTIFICATION AND DISCLOSURE REGARDING PAYMENTS TO INFLUENCE 
CERTAIN FEDERAL TRANSACTIONS (FAR 52.203-11) (APR 1991) 

(a) The definitions and prohibitions contained in the clause, at FAR 52.203-12, 
Limitation on Payments to Influence Certain Federal Transactions, included in this 
solicitation, are hereby incorporated by reference in paragraph (b) of this 
certification.. 

(b) The offeror, by signing its offer, hereby certifies to the best of his or her 
knowledge and belief, that on or after December 23, 1989, - 

(I) No Federal appropriated funds have been paid or will be paid to any 
person for influencing or attempting to influence an officer or employee of any 
agency, a Member of Congress, an officer or employee of Congress, or an employee 
of a Member of Congress on his or her behalf in connection with the awarding of 
any Federal contract, the making of any Federal grant, the making of any Federal 
loan, the entering into of any cooperative agreement, and the txtension, 
continuation, renewal, amendment, or ,nodification oi any Federal contract, grant, 
loan, or cooperative agreement. 
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any agency, a Member of Congress, an officer or employee of Congress, or an 
employee of a Member of Congress on his or her behalf in connection with this 
solicitation, the offeror shall complete and submit, with its offer, OMB standard 
form LLL, Disclosure of Lobbying Activities, to the Contracting Officer; and 

-(3) He or she will include the language of this certification in all 
subcontracts at any tier and require that all recipients of subcontract awards in 
excess of $100,000 shall certify and disclose accordingly. 

(c) Submission of this certification and disclosure is a prerequisite for making 
or enterinq into this contract imposed bv section 1352, title 31, United States 

ion or who 
is 
, and not 

Code. Any-person who makes an expenditure prohibited under this.provis 
fails to file or amend the disclosure form to be filed or amended by th 
provision, shall be subject to a civil penalty of not less than $10,000 
more than $100,000, for each such failure. 

K.3 TAXPAYER IDENTIFICATION (FAR 52.204-3) (SEP 1992) 

(a) -Definitions. 
"Common parent," as used in this solicitation provision, means that corporate 
entity that owns or controls an affiliated group of corporations that files its 
Federal income tax returns on a consolidated basis, and of which the offeror is a 
member. 
"Corporate status," as used in this solicitation provision, means a designation as 
to whether the offeror is a.corporate entity, an unincorporated entity (e.,g., sole 
proprietorship or partnership), or a corporation providing medical and health care 
services. 
"Taxpayer Identification Number (TIN)," as used in this solicitation provision, 
means the number required by the IRS to be used by the offeror in reporting income 
tax and other returns. 

b 
Ii 

All offerors are required to submit the information required in paragraphs 
c through (e) of this solicitation provision in order to comply with reporting 

requirements of 26 U.S.C. 6041, 604lA, and 6050M and implementing regulations 
issued by the Internal Revenue Service (IRS). If the resulting contract is 
subject to the reporting requirements described in 4.903, the failure or refusal 
by the offeror to furnish the information may result in a 20 percent reduction of 
pa ments 
cc7 

otherwise due under the contract. 
Taxpayer Identification Number (TIN). 
( ) TIN: 
( ) TIN has been applied for. 
( ) TIN is not required because: 
( ) Offeror is a nonresident alien, foreign corporation, or foreign 

partnership that does not have income effectively connected with the conduct of a 
trade or business in the U.S. and does not have an office or place of business or 
a fiscal paying agent in the U.S.; 

( ) Offeror is an agency or instrumentality of a foreign government; 
( ) Offeror is an agency or instrumentality of a Federal, state, or local 

government; 
( ) Other. State basis. 

(d) toyorate Status. 
Corporation providing aedical and health care services, or engaged in 

the billing wd scliecting of payments of ;uch services; 
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( ) Other corporate entity; 
( ) Not a corporate entity; 
( ) Sole proprietorship 

I 
) Partnership 
) Hospital or extended care facility described in 26 CFR 501(c)(3) that is 

exempt from taxation under 26 CFR 501(a). 
(e) Common Parent. 

( ) Offeror is not owned or controlled by a common parent as defined in 

parag[aph ~~~e'~n~"~~N'~~":~~on parent: 

Name 

TIN 

K.4 CERTIFICATION REGARDING DEBARMENT, SUSPENSION, PROPOSED DEBARMENT, 
AND 0Tt-m RESPONSIBILITY MATTERS (FAR 52.209-5) (MAY 1989) 

(a) (1) The Offeror certifies, to the best of its knowledge and belief, that - 
(i) The Offeror and/or any of its Principals - 

(A) Are ( ) are not ( ) presently debarred, suspended: proposed 
for debarment, or declared ineligible for the award of contracts by any Federal 
agency; 

(B) Have ( ) have not ( ), within a three-year period preceding 
this offer, been convicted of or had a civil judgment rendered against them for: 
commission of fraud or a criminal offense in connection with obtaining, attempting 
to obtain, or performing a public (Federal, state, or local) contract or 
subcontract; violation of Federal or state antitrust statutes relating to the 
submission of offers; or commission of embezzlement, theft, forgery, bribery, 
falsification or destruction of records, making false statements, or receiving 
stolen property; and 

(C) Are ( ) are not ( ) presently indicted for, or otherwise 
criminally or civilly charged by a governmental entity with, commission of any of 
the offenses enumerated in subdivision (a)(I)(i)(B) of this provision. 

(ii) The Offeror has ( ) has not ( ), within a three-year period 
preceding this offer, had one or more contracts terminated for default by any 
Federal agency. 

(2) "Principals," for the purposes of this certification, means officers; 
directors; owners; partners; and, persons having primary management or supervisory 
responsibilities yithin a business entity (e.g., general manager; plant manager; 
head of a subsidiary, division, or business segment, and similar positions). 

THIS CERTIFICATION CONCERNS A MATTER WITHIN THE JURISDICTION OF AN AGENCY OF THE 
UNITED STATES AND THE MAKING OF A FALSE, FICTITIOUS, OR FRAUDULENT CERTIFICATION 
MAY RENDER THE !4AKER SUBJECT TO PROSECUTION UNDER SECTION 1001, TITLE 18, UNITED 
STATES CODE. 

(b) The Offeror shall provide immediate ,witten no,, *'ce to the Contracting Officer 
if, at any time prior to contract award, the Offeror iearns that its certification 
was erroneous ,uhen submittea or has become erroneous by reason of changed 
circumstances. 
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(c) A certification that any of the items in paragraph (a) of this provision 
exists will not necessarily result in withholding of an award under this 
solicitation. However, the certification will be considered in connection with a 
determination of the Offeror's responsibility. Failure of the Offeror to furnish 
a certification or provide such additional information as requested by the 
Contracting Officer may render the Offeror nonresponsible. 
(d) Nothing contained in the foregoing shall be construed to require 
establishment of a system of records in order to render, in good faith, the 
certification required by paragraph (a) of this provision. The knowledge and 
information of an Offeror is not required to exceed that which is normally 
possessed by a prudent person in the ordinary course of business dealings. 
(e) The certification in paragraph (a) of this provision is a material 
representation of fact upon which reliance was placed when making award. If it is 
later determined that the Offeror knowingly rendered an erroneous certification, 
in addition to other remedies available to the Government, the Contracting Officer 
may terminate the contract resulting from this solicitation for default. 

K.5 TYPE OF BUSINESS ORGANIZATION (FAR 52.215-6) (JUL 1987) 
- 

The offeror or quoter, by checking the applicable box, represents that - 
(a) It operates as ( ) a corporation incorporated under the laws of the State of 

( ) an individual, ( 
partnership, ( ) a nonprofit organization, or'( ) a joint venture; or 

) a 

(b) If the offeror or quoter is a foreign entity, it operates as ( ) an 
individual, ) a partnership, ( ) a nonprofit organization, ( ) a joint 
venture, or t ) a corporation, registered for business in . 

country 

K.6 AUTHORIZED NEGOTIATORS (FAR 52.215-11) (APR 1984) 

The offeror or quoter represents that the following persons are authorized 
to negotiate on its behalf with the Government in connection with this request for 
proposals or quotations: 
authorized negotiators). 

(list names, titles, and telephone numbers of the 

K.7 PERIOD FOR ACCEPTANCE OF OFFER (FAR 52.215-19) (APR 1984) 

In compliance with the solicitation, the offeror agrees, if this offer is 
accepted within calendar days (60 calendar days unless a different 
period is inserted by the offeror) from the date specified in the solicitation for 
receipt of offers, to furnish any or all items on which prices are offered at the 
price set opposite each item, delivered at the designated point(s), within the 
time specified in the Schedule. 

K.8 SMALL BUSINESS CONCERN REPRESENTATION (FAR 52.219-i) (JAN 1991) 

(a) Representation. The offeror represents and certifies as part of its offer 
that it ( ) is, ( ) is not a small business concern and that ( ) all, ( ) not 
all end items to 'se furnished .tiill be manufactured or produced by a small business 
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concern in the United States, its territories or possessions, Puerto Rico, or the 
Trust Territory of the Pacific Islands. 
(b) Definition. "Small business concern," as used in this provision, means a 
concern, including its affiliates, that is independently owned and operated, not 
dominant in the field of operation in which it is bidding on Government contracts, 
and qualified as a small business under the criteria and size standards in this 
solicitation. 
(c) Notice. Under 15 U.S.C. 645(d), any person who misrepresents a firm's status 
as a small business concern in order to obtain a contract to be awarded under the 
preference programs established pursuant to sections 8(a), 8(d), 9, or 15 of the 
Small Business Act or any other provision of Federal law that specifically 
references section 8(d) for a definition of program eligibility, shall - 

11 : 
be punished by imposition of fine, imprisonment, or both; 
be subject to administrative remedies, including suspension and 

debarment; and 
(3) be ineligible for participation in programs conducted under the 

authority of the Act. 

K.9 SMALL DISADVANTAGED BUSINESS CONCERN REPRESENTATION 
(FAR 52.219-2) (FEB 1990) 

(a) Representation. The offeror represents that it ( ) is, ( ) is not a small 
disadvantaged business concern. 
(b) Definitions. 

"Asian-Pacific Americans," as used in this provision, means United States 
citizens whose origins are in Japan, China, the Philippines, Vietnam, Korea, 
Samoa, Guam, the U.S. Trust Territory of th, p Pacific Islands (Republic of Palau), 
the Northern Mariana Islands, Laos, Kampuchea (Cambodia), Taiwan, Burma, Thailand, 
Malaysia, Indonesia, Singapore, Brunei, Republic of the Marshall Islands, or the 
Federated States of Micronesia. 

"Indian tribe," as used in this provision, means any Indian tribe, band, 
nation, or other organized group or community of Indians, including any Alaska 
Native Corporation as defined in 13 CFR 124.100 which is recognized as eligible 
for the special programs and services provided by the U.S. to Indians because of 
their status as Indians, or which is recognized as such by the State in which such 
tribe, band, nation, group, or community resides. 

"Native Americans," as used in this provision, means American Indians, 
Eskimos, Aleuts, and native Hawaiians, 

"Native Hawaiian Organization," as used in this provision, means any 
community service organization serving Native Hawaiians in, and chartered as a 
not-for-profit organization by, the State of Hawaii, which is controlled by Native 
Hawaiians, and whose business activities will principally benefit such Native 
Hawaiians. 

"Small business concern," as used in this provision, means a concern, 
including its affiliates, that is independently owned and operated, not dominant 
in the field of operation in which it is bidding on Government contracts, and 
qualified as a small business under .the criteria and size standards in 13 CFR I2I. 

"Small disadvantaged business concern," as used in this provision, means a 
small business concern that (a) is at least 51 percent unconditionally owned by 
one or more indiviauals ,~ho are both socially and economically disadvantaged, or a 
publicly owned business ‘lavfng 3t ‘:ods: 51 oercent, pi its stock unconditionally 
owned by one .2r flor? soc:3':;i jr.2 ?c~r,rn7:3'-~~ ?is211/xt3qed 'ndividuals and (b) 
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has its management and daily business controlled by one or more such individuals. 
This term also means a small business concern that is at least 51 percent 
unconditionally owned by an economically disadvantaged Indian tribe or Native 
Hawaiian Organization, or a publicly owned business having at least 51 percent of 
its stock unconditionally owned by one of these entities which has its management 
and daily business controlled by members of an economically disadvantaged Indian 
tribe or Native Hawaiian Organization, and which meets the requirements of 13 CFR 
124. 

"Subcontinent Asian Americans," as used in this provision, means United 
States citizens whose origins are in India, 
Bhutan, or Nepal. 

Pakistan, Bangladesh, Sri Lanka, 

(c) Qualified groups. The offeror shall presume that socially and economically 
disadvantaged individuals include Black Americans, Hispanic Americans, Native 
Americans, Asian-Pacific Americans, Subcontinent Asian Americans, and other 
individuals found to be ualified by SBA under 13 CFR 124. The offeror shall also 
presume that socially an B economically disadvantaged entities also include Indian 
tribes and Native Hawaiian Orgahizations. 

- ~.io WOMEN-OWNED WALL BUSINESS REPRESENTATION (FAR 52.219-3) 
(APR 1984) 

(a) Representation. The offeror represents that it ( ) is, ( ) is not, a 
women-owned small business concern. 
(b) Definitions. 

"Small business concern", 
including its affiliates, 

as used in this provision, means a concern, 
that is independently owned and operated, not dominant 

in the field of operation in which it is bidding on Government contracts, and 
qualified as a small business under the criteria and size standards in 13 CFR 121. 

"Women-owned", as used in this provision, means a small business that is at 
least 51 percent owned by a woman or women who are U.S. citizens and who also 
control and operate the business. 

K.11 PREFERENCE FOR LABOR SURPLUS AREA CONCERNS (FAR 52.220-l) 
(APR 1984) 

(a) This acquisition is not a set aside for labor surplus area (LSA) concerns. 
However, the offeror's status as such a concern may affect (1) entitlement to 
award in case of tie offers or (2) offer evaluation in accordance with the Buy 
American Act clause of this solicitation. In order to determine whether the 
offeror is entitled to a preference under (1) or (2) above, the offeror must 
identify, below, the LSA in which the costs to be incurred on account of 
manufacturing or' production (by the offeror or the first-tier subcontractors) 
amount to more than 50 percent of the contract price. 

(b) Failure to identify the locat 
consideration of the offeror as an 

ions as specified above will preclude 
LSA concern. If the offeror is awarded a 

contract as an LSA concern and wou 
offeror shall perform the contract 

Id not have otherwise qualified for award, the 

accordance with the obligations of 
or cause the contract to be performed in 
an LSA concern. 
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If,12 CERTIFICATION OF NONSEGREGATED FACILITIES (FAR 52.222-21) 
(APR 1984) 

(a) "Segregated facilities", as used in this provision, means any waiting rooms, 
work areas, rest rooms and wash rooms, restaurants and other eating areas, time 
clocks,' locker rooms and other storage or dressing areas, parking lots, drinking 
fountains, recreation or entertainment areas, transportation, and housing 
facilities provided for employees, that are segregated by explicit directive or 
are in fact segregated on the basis of race, color, religion, or national origin 
because of habit, local custom, or otherwise. 
(b) By the submission of this offer, the offeror certifies that it does not and 
will not maintain or provide for its employees any segregated facilities at any of 
its establishments, and that it does not and will not permit its employees to 
perform their services at any location under its control where segregated 
facilities are maintained. The offeror agrees that a breach of this certification 
is a violation of the Equal Opportunity clause in the contract. 
(c) The offeror further agrees that (except where it has obtained identical 
certifications from proposed subcontractors for specific time periods) it will - 

(1) Obtain identical certifications from proposed subcontractors before the 
award of subcontracts under which the subcontractor will be subject to the Equal 
Opportunity clause; 

t 
2) Retain the certifications in the files; and 
3) Forward the following notice to the proposed subcontractors (except if 

the proposed subcontractors have submitted identical certifications for specific 
time periods): 

NOTICE Ip PROSPECTIVE SUBCONTRACTORS E REOUIREMENT FOR 
CERTIFICATIONS E NONSEGREGATED FACILITIES 

A Certification of Nonsegregated Facilities must be 
submitted before the award of a subcontract under which the 
subcontractor will be subject to the Equal Opportunity clause. 
The certification may be submitted either for each subcontract 
or for all subcontracts during a period (i.e., quarterly, 
semiannually, or annually. 

NOTE: The penalty for making false statements in offers is prescribed in 
18 U.S.C. 1001. 

~13 PREVIOUS CONTRACTS AND COMPLIANCE REPORTS (FAR 52.222-22) 
(APR 1984) l 

The offeror represents that - 
(a) It ( ) has, ( ) has not, participated in a previous contract or subcontract 
subject either to the Equal Opportunity clause of this solicitation, the clause 
originally contained in Section 310 of Executive Order No. 10925, or the clause 
contained in Section 201 of Executive Order No. 11114; 
(b) It ( ) has, ( ) has not, filed all required compliance reports; and 
(c) Representations indicating submission of required compliance reports, signed 
by proposed subcontractors, sdill be obl:ained before subcontract awards. 
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~.14 AFFIRMATIVE ACTION COMPLIANCE (FAR 52.222-25) (APR 1984) 

The offeror represents that (a) it ( ) has developed and has on file, 
( ) has not developed and does not have on file, at each establishment, 
affirmative action programs required b 
of Labor (41 CFR 60-l and 60-2), or (b 3 

the rules and regulations of the Secretary 
it ( ) has not previously had contracts 

subject to the written affirmative action programs requirement of the rules and 
regulations of the Secretary of Labor. 

K.15 EXEMPTION FROM APPLICATION OF SERVICE CONTRACT ACT PROVISIONS 
(FAR 52.222-48) (MAY 1989) 

(a) The following certification shall be checked: 

CERTIFICATION 

The offeror certifies ( )/does not certify ( ): (i) The items of equipment to 
be serviced under this contract are commercial items which are used regularly for 
other than Government purposes, 
substantial 

and are sold or traded by the Contractor in 
uantities to the general publicin the course of normal business 

operations; 9 ii) The contract services are furnished at prices which are, or are 
based on, established catalog or market prices for the maintenance, calibration, 
and/or repair of certain ADP, scientific and medical, and/or office and business 
equipment. An "established catalog price" is a price included in a catalog, price 
list schedule, or other form that is regularly maintained by the manufacturer or 
the Contractor, is either published or otherwise available for inspection by 
customers, and states prices at which sales are currently, or were last, made to a 
significant number of buyers constituting the general public. An "established 
market price" is a current price, established in the usual course of trade between 
buyers and sellers free to bargain, which can be substantiated from sources 
independent of the manufacturer or Contractor; and (iii) The Contractor utilizes 
the same compensation (wage and fringe benefits) plan for all service employees 
performing work under the contract as the Contractor uses for equivalent employees 
servicing the same equipment of commercial customers. 
(b) If a negative certification is made and a Service Contract Act wage 
determination is not attached to the solicitation, the Contractor shall notify the 
Contracting Officer as soon as possible. 
(c) Failure to execute the certification in paragraph (a) of this clause or to 
contact the Contracting Officer as required in paragraph (b) of this clause may 
render the bid or offer nonresponsive. 

K.16 CLEAN AIR ,AND WATER CERTIFICATION (FAR 52.223-1) (APR 1984) 

The offeror certifies that - 
(a) Any facility to be used in the performance of this proposed contract ( ) is, 

Sacilities 
is not, listed on the Environmental Protection Agency List of Violating 

. 
(b) The oiferor will immediately notify the Contracting Officer, before award, of 
the receipt of any communication from the Administrator, or a designee, of the 
Environmental Protection Agency, indicating that any facility that the offeror 
proposes to use for the performance of the contract is under consideration to be 
listed on the EPA List of Violating Facilities; and 
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(c) The offeror will include a certification substantially the same as this 
certification, including this paragraph (c), in every nonexempt subcontract. 

K.17 CERTIFICATION REGARDING A DRUG-FREE WORKPLACE (FAR 52.223-5) 
(JUL 1990) 

(a) Definitions. As used in this provision, 
"Controlled substance" means a controlled substance in Schedules I through V 

of Section 202 of the Controlled Substances Act (21 U.S.C. 812) and as further 
defined in regulation at 21 CFR 1308.11 - 1308.15. 

"Conviction" means a finding of guilt (including a plea of nolo contendere) 
or imposition of sentence, or both, by any judicial body charged with the 
responsibility to determine violations of the Federal or State criminal drug 
statutes. 

"Criminal drug statute" means a Federal or non-Federal criminal statute 
involving the manufacture, distribution, dispensing, possession or use of any 
controlled substance. 

"Drug-fre%workplace" means the site(s) for the performance of work done by 
the Contractor in connection with a specific contract at which employees of the 
Contractor are prohibited from engaging in the unlawful manufacture, distribution, 
dispensin , possession, 

9 
or use of a controlled substance. 

"Emp oyee" means an employee of a Contractor directly engaged in the 
performance of work under a Government contract. "Directly engaged" is defined to 
include all direct cost employees and any other Contractor employee who has other 
than minimal impact or involvement in contract perform 

"Individual" means an offeror/Contractor that has 
including the offeror/Contractor. 
(b) By submission of its offer, the offeror, if other 
making an offer that equals or exceeds $25,000, certif 
respect to all employees of the offeror to be employed . . _. 

rice. 
no more than one employee 

than an individual, who is 
es and agrees that, with 
under a contract resulting 

from this solicitation, it will - no later than 30 calendar days after contract 
award (unless a longer period is agreed to in writing), for contracts of 30 
calendar days or more performance duration, or as soon as possible for contracts 
of less than 30 calendar days performance duration; but in any case, by a date 
prior to when performance is expected to be completed - 

(1) Publish a statement notifying such employees that the unlawful 
manufacture, distribution, dispensing, possession or use of a controlled substance 
is prohibited in the Contractor's workplace and specifying the actions that will 
be taken against employees for violations of such prohibition; 

_ (2) Establish an ongoing drug-free awareness program to inform such 
employees about -' 

(i) 
(ii) 

The dangers of drug abuse in the workp 
The Contractor's policy of maintaining 

(iii) Any available drug counseling, rehabil 
assistance programs; and 

(iv) The penalties that may be imposed upon 
violations occurring in the workplace; . 

lace; 
a drug-free workplace; 

itation, and employee 

employees for drug abuse 

(3) Provide all employees engaged in performance of the contract with a Copy 
of the statement required by subparagraph (b)(l) of this provision; 

(4) Notif such employees in writing in the statement required by 
subparagraph (b 3 (1) of this provision that, as a condition of continued employment 
on the contract resulting from this solicitation, the employee will - 
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i) 
ii) 

Abide by the terms of the statement; and 
Notify the employer in writing of the employee's conviction under 

a criminal drug statute for a violation occurring in the workplace no later than 5 
calendar days after such conviction; 

(5) Notify the Contracting Officer in writing within 10 calendar days after 
receiving notice under subdivision (b)(4)(ii) of this provision, from an employee 
or otherwise receiving actual notice of such conviction. The notice shall include 
the position title of the employee; and 

(6) Within 30 calendar days after receiving notice under subdivision 
(b)(4)(ii) of this provision of a conviction, take one of the following actions 
with respect to any employee who is convicted of a drug abuse violation occurring 
in the workplace: 

U) Take appropriate personnel action against such employee, up to 
and including termination; or 

(ii) Require such employee to satisfactorily participate in a drug 
abuse assistance or rehabilitation program approved for such purposes by a 
Federal, State, or local health; law enforcement, or other appropriate agency. 

(7) Make a good faith effort to maintain a dru -free workplace through 
im lementation of subparagraphs (b)(l) through (b)(6q of this provision. 
d BY b su mission of its offer, the offeror, if an individual who is making an 
offer of any dollar value, certifies and agrees that the offeror will not engage 
in the unlawful manufacture, distribution, dispensing, possession, or use of a 
controlled substance in the performance of the contract resulting from this 
solicitation. 
(d) Failure of the offeror to provide the certification required by paragraphs 
@!,;r (c) of this provision, renders the offeror unqualified and ineligible for 

(See FAR 9.104-1(g) and 19.602-l(a) (2) (i) .) 
(e) in addition to other remedies available to the Government the certification 
in paragraphs (b) or (c) of this provision concerns a matter w;thin the 
jurisdiction of an agency of the United States and the making of a false, 
fictitious, or fraudulent certification may render the maker subject to 
prosecution under Title 18, United States Code, Section 1001. 

K.18 BUY AMERICAN CERTIFICATE (FAR 52.225-l) (DEC 1989) 

The offeror certifies that each end product, except those listed below, is a 
domestic end product (as defined in the clause entitled "Buy American Act - 
Supplies"), and that components of unknown origin are considered to have been 
mined, produced, or manufactured outside the United States. 

Excluded End Products Country of Origin 

(List as necessary) 

Offerors may obtain from the Contracting Officer lists of articles, 
materials, and supplies excepted from the Buy American Act. 
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K.19 REPRESENTATION OF LIMITED RIGHTS DATA AND RESTRICTED COMPUTER 
SOFTWARE (FAR 52.227-15) (JUN 1987) 

(a) This solicitation sets forth the work to be performed if a contract award 
results, and the Government's known delivery requirements for data (as defined in 
FAR 27.401). Any resulting contract may also provide the Government the option to 
order additional data under the Additional Data Requirements clause at 52.227-16 
of the FAR, if included in the contract. Any data delivered under the resulting 
contract will be subject to the Rights in Data - General clause at 52.227-14 that 
is to be included in this contract. Under the latter clause, a Contractor may 
withhold from delivery data that qualify as limited rights data or restricted 
computer software, and deliver form, fit, and function data in lieu thereof. The 
latter clause also may be used with its Alternates II and/or III to obtain 
delivery of limited rights data or restricted computer software, marked with 
limited rights or restricted rights notices, as appropriate. In addition, use of 
Alternate V with this latter clause provides the Government the right to inspect 
such data at the Contractor's facility. 
(b) As an aid in determining the Government's need to include any of the - 
aforementioned Alternates in the clause at 52.227-14, Rights in Data - General, 
the offeror's response to this solicitation shall, to the extent feasible, 
complete the representation in paragraph (b) of this provision to either state 
that none of the data qualify as limited rights data or restricted computer 
software, or identify which of the data qualifies as limited rights data or 
restricted computer software. Any identification of limited rights data or 
restricted computer software in the offeror's response is not determinative of the 
status of such data should a contract be awarded to the offeror. 

REPRESENTATION CONCERNING DATA RIGHTS 

Offeror has reviewed the requirements for the delivery of data or software 
and states (offeror check appropriate block) - 

( ) None of the data proposed for fulfilling such requirements 
qualifies as limited rights data or restricted computer software. 

( ) Data proposed for fulfilling such requirements qualify as 
limited rights data or restricted computer software and are 
identified as follows: 

NOTE: "Limited rights data" and "Restricted ccmputer software" are defined in 
the contract clause entitled "3ight.s in 9ata - 'kner21." 
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K.20 COST ACCOUNTING STANDARDS NOTICES AND CERTIFICATION 
(NATIONAL DEFENSE 52.230-i) (AUG 1992) 

NOTE: This notice does not apply to small businesses or foreign governments. 
This notice is in four parts, identified by Roman numerals I. through IV. 
Offerors shall examine each part and provide the requested information in 
order to determine Cost Accounting Standards (CAS) requirements applicable 
to any resultant contract. 

I. Disclosure Statement - Cost Accounting Practices and Certification 
(a) Any contract in excess of $500,000 resulting from this solicitation, except 
contracts in which the price negotiated is based on (1) established catalog or 
market prices of commercial items sold in substantial quantities to the general 
public, or (2) prices set by law or regulation, will be subject to the 
requirements of parts 9903 and 9904, except for those contracts-which are exempt 
as specified in 9903-201-l. 
(b) Any offeror submitting a proposal which, if accepted, will result in a 
contract subject to the requirements of parts 9904 and 9904 must, as a condition 
of contracting, submit a Disclosure Statement as required by 9903.202. The 
Disclosure Statement must be submitted as a part of the offeror's proposal under 
this solicitation unless the offeror has already submitted a Disclosure Statement 
disclosing the practice used in connection with the pricing of thisproposal. If 
an applicable Disclosure Statement has already been submitted, the offeror may 
satisfy the requirement for submission by providing the information requested in 
paragraph (c) of Part I of this provision. 
CAUTION: In the absence of specific regulations or agreement, a practice 

disclosed in a Disclosure Statement shall not, by virtue of such 
disclosure, be deemed to be a proper, approved, or agreed-to practice 
for pricing proposals or accumulating and reporting contract performance 
cost data. 

I 
c) Check the appropriate box below: 

) (1) Certificate of Concurrent Submission of Disclosure Statement. 
The offeror hereby certifies that, as a part of the offer, copies of the 

Disclosure Statement have been submitted as follows: (i) original and one copy to 
the cognizant Administrative Contracting Officer (ACO), and (ii) one copy to the 
cognizant contract auditor. 

(Disclosure must be on Form Number CASB-DS-1. Forms may be obtained from 
the cognizant ACO.) 
Date of Disclosure Statement 
Name and Address of Cognizant AC0 where filed _ 

The offeror further certifies that practices used in estimating costs in 
pricing this proposal are consistent with the cost accounting practices disclosed 
in the Disclosure Statement. 
( ) (2) Certificate of Previously Submitted Disclosure Statement. 

The offeror hereby certifies that Disclosure Statement was filed as follows: 

Date of Disclosure Statement 
Name and Address of Cognizant AC0 where filed 
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The offeror further certifies that the practices used in estimating costs in 
pricing this proposal are consistent with the cost accounting practices disclosed 
in the a plicable Disclosure Statement. 

( ) (3p Certificate of Monetary Exemption. 
The offeror hereby certifies that the offeror, together with all divisions, 

subsidiaries, and affiliates under common control, did not receive net awards of 
negotiated prime contracts and subcontracts subject to CAS totaling more than $10 
million in the cost accounting period immediately preceding the period in which 
this proposal was submitted. The offeror further certifies that if such status 
changes before an award resulting from this proposal, the offeror will advise the 
Contracting Officer immediately. 
( ) (4) Certificate of Interim Exemption. 

The offeror hereby certifies that (i) the offeror first exceeded the 
monetary exemption for disclosure, as defined in (3) above, in the cost accountin 
period imediatel 
in accordance wit it 

preceding the period in which this offer was submitted and (ii 3 
9903.202-1, the offeror is not yet required to submit a 

Disclosure Statement. The offeror further certifies that if an award resulting 
from this proposal has not been made within 90 days after the end of that period, 
the offeror will immediately submit a revised certificate to the Contracting 
Officer, in the form specified under subparagraphs (c)(l) or (c)(2) of Part I of 
this provision, as appropriate, to verify submission of a completed Disclosure 
Statement. 
CAUTION: Offerors currently required to disclose because they were awarded a CAS- 

covered prime contract or subcontract of $10 million or more in the 
current cost accounting period may not claim this exemption (4). 
Further, the exemption applies only in connection with proposals 
submitted before expiration of the go-day period following the cost 
accounting period in which the monetary exemption was exceeded. 

II. Cost Accounting Standards - Exemption for Contracts of $500,000 or Less 
If this proposal is expected to result in the award of a contract of 

$500,000 or less, the offeror shall indicate whether the exemption below is 
claimed. Failure to check the box below shall mean that the resultant contract is 
subject to CAS requirements or that the offeror elects to comply with such 
requirements. 
( ) The offeror hereby claims an exemption from the CAS requirements under the 
provisions of 9903.201-1(b) (2). 
111. Cost Accounting Standards - Eligibility for Modified Contract Coverage 

If the offeror is eligible to use the modified provisions of 9903.201-2(b) 
and elects to do so, the offeror shall indicate by checking the box below. 
Checking the box below shall mean that the resultant contract is subject to the 
Disclosure and Consistency of Cost Accounting Practices clause in lieu of the Cost 
Accounting Standards clause. 
( ) The offeror hereby claims an exemption from the Cost Accounting Standards 
clause under the provisions of 9903.201-2(b) and certifies that the offeror is 
eligible for use of the Disclosure and Consistency of Cost Accounting Practices 
clause because (i) during the cost accounting period immediately preceding the 
period in which this proposal was submitted, the offeror received less than $10 
million in awards of CAS-covered prime contracts and subcontracts, and (ii) the 
sum of such awards equaled less than 10 percent of total sales during that Cost 
accounting period. The offeror further certifies that if such status changes 
before an award resulting from this ?rgposal, the offeror will advise the 
Contracting Officer 'nmeli3tz:y. 
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CAUTION: An offeror may not claim the above eligibility for modified contract 
coverage if this proposal is expected to result in the award of a CAS- 
covered contract of $10 million or more or if, during its current cost 
accounting period, the offeror has been awarded a single CAS-covered 
prime contract or subcontract of $10 million or more. 

IV. Additional Cost Accounting Standards Applicable to Existing Contracts 
The offeror shall indicate below whether award of the contemplated contract 

would, in accordance with subparagraph (a)(3) of the Cost Accounting Standards 
clause, require a change in established cost accounting practices affecting 
existing contracts and subcontracts. 

( ) YES ( > NO 

K.21 CONTRACTS BETWEEN NASA AND FORMER NASA EMPLOYEES 
(NASA 18-52.203-70) (DEC 1988) (NASA/FAR SUPPLEMENT) 

The offeror represents that he or she ( ) is, or ( ) is not, an individual who 
was employed by NASA during the past two (2) years, or a firm in which such an 
individual is a partner, principal officer, or majority shareholder or that is 
otherwise controlled or predominantly staffed by such individuals. - 

K.22 PAYMENT INFORMATION (LARC 52.232-98) (JUN 1988) 

The following is the address to which payment must be sent, if payment is 
made by check. 

SECTION L - INSTRUCTIONS. CONDITIONS. AND NOTICES TO OFFERORS 

L.l ORGANIZATIONAL CONFLICTS OF INTEREST CERTIFICATE--MARKETING 
CONSULTANTS (FAR 52.209-7) (NOV 1991) 

(a) Definitions. 
(1) "Marketing consultant" means any independent contractor who furnishes 

advice, information, direction, or assistance to an offeror or any other 
contractor in support of the preparation or submission of an offer for a 
Government contract by that offeror. 
consultant whenlrendering -- 

An independent contractor is not a marketing 

t 
i) 
ii) 

Services excluded in Subpart 37.2; 
Routine engineering and technical services (such as installation, 

operation, or maintenance of systems, equipment, software, components, or 
facilities); 

(iii) Routine legal, actuarial, auditing, and accounting services; or 
(iv) Training services. 

(2) Organizatjonal conflic t of interest means that because of other 
activities or relationships vith other persons, a person is unable or potentially 
unable to render impartial assistance or advice to the Government, or the person’s 
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objectivity in performing the contract work is or might be otherwise impaired, or 
a erson has an unfair competitive advantage. 
(by A n ln lvl ua or firm that employs, * d' 'd 1 retains, or engages contractually one or 
more marketing consultants in connection with a contract, shall submit to the 
contradting officer, with respect to each marketing consultant, the certificates 
described below, if the individual or firm is notified that it is the apparent 
successful offeror. 
(c) The certificate must contain the following: 

(1) The name of the agency and the number of the solicitation in question. 
(2) The name, address, telephone number, 

number of the marketing consultant. 
and federal taxpayer identification 

(3) The name, address, and telephone number of a responsible officer or 
employee of the marketing consultant who has personal knowledge of the marketing 
consultants involvement in the contract. 

(4) A description of the nature of the services rendered by or to be 
rendered by the marketing consultant. 

(5) The name, address, and telephone number of the client or clients, and 
the name of a responsible officer or employee of the marketing consultant who is 
knowledgeable about the services provided to such client(s), and a description of 
the nature of the services rendered to such client(s), if, based on information 
provided to the Contractor by the marketing consultant, any marketing consultant 
is rendering or, in the 12 months preceding the date of the certificate, has 
rendered services respecting the same subject matter of the instant solicitation, 
or directly relating to such'subject matter, to the Government or any other client 
(including any foreign Government or person), 

(6) A statement that the person who signs the certificate for the prime 
Contractor has informed the marketing consultant of the existence of Subpart 9.5 
and Office of Federal Procurement Policy Letter 89-l. 

(7) The signature, name, title, employer's name, address, and telephone 
number of the persons who signed the certificates for both the apparent successful 
offeror and the marketing consultant. 
(d) In addition, the apparent successful offeror shall forward to the Contracting 
Officer a certificate signed by the marketing consultant that the marketing 
consultant has been told of the existence of Subpart 9.5 and Office of Federal 
Procurement Policy Letter 89-1, and the marketing consultant has made inquiry, and 
to the best of the consultant's knowledge and belief, the consultant has provided 
no unfair competitive advantage to the prime Contractor with respect to the 
services rendered or to be rendered in connection with the solicitation, or that 
any unfair competitive advantage that, to the best of the consultant's knowledge 
and belief, does or may exist, has been disclosed to the offeror. 
(e) Failure of the offeror to provide the certifications may result in the 
offeror being determined ineligible for award. Misrepresentation of any fact may 
result in the assessment of penalties associated with false certifications or such 
other provisions provided for by law or regulation. 

L.2 NOTICE OF PRIORITY RATING FOR NATIONAL DEFENSE USE (FAR 32.212-7) 
(SEP 1990) 

Any contract awarded as a result of this solicitation will be a ( ) OX 
rated order; ( X) 00 rated arder certified for national defense use under the 
Defense ?riorities and 4llocat: . ..ons Sys%em (DPAS) !!5 CFR TOO), and the Contractor 
will be roqujred ',o fr~ljriw il: si :.ie *sc~diremepzs If :bis - *qulatim. 
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L.3 SOLICITATION DEFINITIONS (FAR 52.215-s) (JUL 1987) 

"Offer" means "proposal" in negotiation. 
"Solicitation" means a request for proposals (RFP) or a request for 

quotations (RFQ) in negotiation. 
"Government" means United States Government. 

L.4 UNNECESSARILY ELABORATE PROPOSALS OR QUOTATIONS (FAR 52.215-7) 
(APR 1984) 

Unnecessarily elaborate brochures or other presentations beyond those 
sufficient to present a complete and effective response to this solicitation are 
not desired and may be construed as an indication of the offeror's or quoter's 
lack of cost consciousness. Elaborate art work, expensive paper and bindings, and 
expensive visual and other presentation aids are neither necessary nor wanted. 

L.5 AMENDMENTS TO SOLICITATIQNS (FAR 52.215-8) (DEC 1989) 

(a) If this solicitation is amended, then all terms and conditions which are not 
modified remain unchanged. 
(b) Offerors shall acknowledge receipt of any amendment to this solicitation (1) 
by signing and returning the amendment; (2) by identifying the amendment number 
and date in the space provided for this purpose on the form for submitting an 
offer; (3) by letter or telegram or (4) facsimile, if facsimile offers are 
authorized in the solicitation. The Government must receive the acknowledgment by 
the time specified for receipt of offers. 

L.6 SUBMISSION OF OFFERS (FAR 52.215-9) @EC 1989) 

(a) Offers and modifications thereof shall be submitted in sealed envelopes or 
packages (1) addressed to the office specified in the solicitation, and (2) 
showing the time specified for receipt, the solicitation number, and the name and 
address of the offeror. 
(b) Telegraphic offers will not be considered unless authorized by the 
solicitation; however, offers may be modified by written or telegraphic notice. 
(c) Facsimile offers, modifications or withdrawals will not be considered unless 
authorized by the solicitation. 
(d) Item samples, if required, must be submitted within the time specified for 
receipt of offers. Unless otherwise specified in the solicitation, these samples 
shall be (1) submitted at no expense to the Government and (2) returned at the 
sender's request and expense, unless they are destroyed during preaward testing. 

L.7 LATE SUSMiSSiONS, MODIFICATIONS, AND WITHDRAWALS OF PROPOSALS 
(FAR 52.215-10) (DEC 1989) 

(a) Any proposal received at the office designated in the solicitation after the 
exact time specified for receipt will not be considered unless it is received 
before award is made and it - 

(1) Was sent by regist,. *rc?d or certified mail not later than the fifth 
calendar day before the date specified for receipt of offers (e.g., an offer 
submitted in response to a solicitation requiring receipt of offers by the 20th of 
the month must have been postmarked by the 15th); 
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(2) Was sent by mail or, if authorized by the solicitation, was sent by 
telegram or via facsimile and it is determined by the Government that the late 
receipt was due solely to mishandling by the Government after receipt at the 
Government installation; 

(3) Was sent by U.S. Postal Service Express Mail Next Day Service-Post 
Office to Addressee, not later than 5:00 p.m. at the place of mailing two working 
days prior to the date specified for receipt of proposals. The term "working 
days,, excludes weekends and U.S. Federal holidays; or 

(4) Is the only proposal received. 
(b) Any modification of a proposal or quotation, except a modification resulting 
from the Contracting Officer's request for "best and final', offer, is subject to 
the same conditions as in subparagraphs (a)(l), (2), and (3) of this provision. 
(c) A modification resulting from the Contracting Officer's request for "best and 
final,, offer received after the time and date specified in the request will not be 
considered unless received before award and the late receipt is due solely to 
mishandling by the Government after receipt at the Government installation. 
(d) The only acceptable evidence to establish the date of mailing of a late 
proposal or modification sent either by registered or certified mail is the U.S. 
or Canadian Postal Service postmark on the envelope or wrapper and on the original 
receipt from the U.S. or Canadian Postal Service. Both postmarks must.show a 
legible date or the proposal, quotation, or modification shall be processed as if 
mailed late. "Postmark', means a printed, stamped, or otherwise placed impression 
(exclusive of a postage meter machine impression) that is readily identifiable 
without further action as hav.ing been supplied and affixed by employees of the 
U.S. or Canadian Postal Service on the date of mailing. Therefore, offerors or 
quoters should request the postal clerks to place a legible hand cancellation 
bull's-eye postmark on both the receipt and the envelope or wrapper. 
(e) The only acceptable evidence to establish the time of receipt at the 
Government installation is the time/date stamp of that installation on the 
proposal wrapper or other documentary evidence of receipt maintained by the 
installation. 
(f) The only acceptable evidence to establish the date of mailing of a late 
offer, modification, or withdrawal sent by Express Mail Next Day Service-P0s.t 
Office to Addressee is the date entered by the post office receiving clerk on the 
"Express Mail Next Day Service-Post Office to Addressee,, label and the postmark on 
both the envelope or wrapper and on the original receipt from the U.S. Postal 
Service. "Postmark,, has the same meaning as defined in paragraph (d) of this 
provision, excluding postmarks of the Canadian Postal Service. Therefore, 
offerors or quoters should request the postal clerk to place a legible hand 
cancellation bull's-eye postmark on both the receipt and the envelope or wrapper. 

(g) Notwithstanding paragraph (a) of this provision, a late modification of an 
otherwise successful proposal that makes its terms more favorable to the 
Government will be considered at any time it is received and may be accepted. 
(h) Proposals may be withdrawn by written notice or telegram (including mnilgram) 
received at any time before award. If the solicitation authorizes facsimi!e 
proposals, proposals may be withdrawn vi.3 Facsimile received at any time before 
award, subject to the conditions specified in the provision entitled "Facsimile 
Proposals.', Proposals may be ,nithdrawn in person by an offeror or an authorized 
representative, if the representative's ident'ty is made known and the 
representative signs a ece!jTt for the proposal before award. 
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L.8 PREPARATION OF OFFERS (FAR 52.215-13) (APR 1984) 

(a) Offerors are expected to examine the drawings, specifications, Schedule, and 
all instructions. Failure to do so will be at the offeror's risk. 
(b) Each offeror shall furnish the information required by the solicitation. The 
offeror shall sign the offer and print or type its name on the Schedule and each 
continuation sheet on which it makes an entry. 
initialed by the person signing the offer. 

Erasures or other changes must be 
Offers signed by an agent shall be 

accompanied by evidence of that agent's authority, unless that evidence has been 
previously furnished to the issuing office. 
(c) For each item offered, offerors shall (1) show the unit price/cost, 
including, unless otherwise specified, packaging, packing, and preservation and 
(2) enter the extended price/cost for the quantity of each item offered in the 
"Amount" column of the Schedule. In case of discrepancy between a unit price/ 
cost and an extended price/cost, the unit price/cost will be presumed to be 
correct, subject, however, to correction to the same extent and in the same manner 
as any other mistake. 
(d) Offers for supplies or services other than those specified will not be 
considered unless authorized by the solicitation. 
(e) Offerors must state a definite time for delivery of supplies or for- 
performance of services, unless otherwise specified in the solicitation. 
(f) Time, if stated as a number of days, will include Saturdays, Sundays, and 
holidays. 

L.9 EXPLANATION TO PROSPECTIVE OFFERORS (FAR 52.215-14) (APR 1984) 

Any prospective offeror desiring an explanation or interpretation of the 
solicitation, drawings, specifications, etc., must request it in writing soon 
enough to allow a reply to reach all prospective offerors before the submission of 
their offers. Oral explanations or instructions given before the award of the 
contract will not be binding. Any information given to a prospective offeror 
concerning a solicitation will be furnished promptly to all other prospective 
offerors as an amendment of the solicitation, if that information is necessary in 
submitting offers or if the lack of it would be prejudicial to any other 
prospective offerors. 

L.10 FAILURE TO SUBMIT OFFER (FAR 52.215-15) (APR 1984) 

Recipients of this solicitation not responding with an offer should not 
return this solicitation, unless it specifies otherwise. Instead, they should 
advise the issuing office by letter or postcard whether they want to receive 
future solicitat,ions for similar requirements. If a recipient does not submit an 
offer and does not notify the issuing office that future solicitations are 
desired, the recipient's name may be removed from the applicable mailing list. 

L.11 CONTRACT AWARD (FAR 52.215-16) (JUL 1990)--ALTERNATE II 
(NOV 1992) 

(a) The Government #dill award a contract resulting from this solicitation to the 
responsible offeror whose offer conforming to the solicitation will be most 
advantageous to the Government, cost or price and other factors, specified 
elsewhere ;n 'his soiicitat'on, ccns'dered. 
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(b) The Government may (1) reject any or all offers if such action is in the 
public interest, (2) accept other than the lowest offer, and (3) waive 
Informalities and minor irregularities in offers received. 
(c) The Government intends to evaluate proposals and award a contract after 
written or oral discussions with all responsible offerors who submit proposals 
within the competitive range. However, each initial offer should contain the 
offeror's best terms from a cost or price and technical standpoint. 
(d) The Government may accept any item or group of items of an offer, unless the 
offeror qualifies the offer by specific limitations, Unless otherwise provided in 
the Schedule, offers may be submitted for quantities less thon those specified. 
The Government reserves the right to make an award on any item for u quantity less 
than the quantity offered, at the unit cost or prices offered, unZess the offeror 
specifies otherwise in the offer. 
(e) A written award or acceptance of offer mailed or otherwise furnished to the 
successful offeror within the time for acceptance specified in the offer shall 
result in a binding contract without further action by either party. Before the 
offer's specified expiration time, the Government may accept an offer (or part of 
an offer, as provided in paragraph (d) above), whether or not there are 
negotiations after its receipt, unless a written notice of withdrawal is received 
before award. Negotiations conducted after receipt of an offer do not constitute 
a rejection or counteroffer by the Government. 
(f) Neither financial data submitted with an offer, nor representations 
concerning facilities or financing, will form a part of the resulting contract. 
However, if the resulting contract contains a clause providing for price reduction 
for defective cost or pricing data, the contract price will be subject to 
reduction if cost or pricing data furnished is incomplete, inaccurate, or not 
current. 
(g) The Government may determine that an offer is unacceptable if the prices 
proposed are materially unbalanced between line items or subline items. An offer 
is materially unbalanced when it is based on prices significantly less than cost 
for some work and prices which are significantly overstated in relation to cost 
for other work, and if there is a reasonable doubt that the offer will result in 
the lowest overall cost to the Government, even though it may be the low evaluated 
offer, or it is so unbalanced as to be tantamount to allowing an advance payment. 

L.12 FACILITIES CAPITAL COST OF MONEY (FAR 52.215-30) (SEP 1987) 

(a) Facilities capital cost of money will be an allowable cost under the 
contemplated contract, if the criteria for allowability in subparagraph 31.205-10 
(a)(2) of the Federal Acquisition Regulation are met. One of the allowability 
criteria requires the prospective Contractor to propose facilities capital cost of 
money in its offer. 
(b) If the prospective Contractor does not propose this cost, the resultir; 
contract will include the clause Ndi !er of Facilities Capital Cost of Money. 

L.13 TYPE OF CONTRACT (FAR 52.216-l) (APR 1984) 

The Government contemplates award c"; a cost-?Yus-fixed-fee contract 
resulting from this solicitation. 
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L.14 SIC CODE AND SMALL BUSINESS SIZE STANDARD (FAR 52.219-22) 
(JAN 1991) 

(a) The standard industrial classification (SIC) code for this acquisition is 
8711. 
(b)(l) The small business size standard is $13,500,000, 

(2) The small business size standard for a concern which submits an offer in 
its own name, other than on a construction or service contract, but which proposes 
to furnish a product which it did not itself manufacture, is 500 employees. 

L.15 PREAWARD ON-SITE EQUAL OPPORTUNITY COMPLIANCE REVIEW 
(FAR 52.222-24) (APR 1984) 

An award in the amount of $1 million or more will not be made under this 
solicitation unless the offeror and each of its known first-tier subcontractors 
(to whom it intends to award a subcontract of $1 million or more) are found, on 
the basis of a compliance review, to be able to comply with the provisions of the 
Equal Opportunity clause of this solicitation. 

L.16 EVALUATION OF COMPENSATION FOR PROFESSIONAL EMPLOYEES 
(FAR 52.222-46) (FE3 1993) 

(a) Recompetiticn of service contracts ma 
compensation (salaries and fringe benefits 3 

in some cases result in lowering the 

employees. 
paid or furnished professional 

This lowering c,an be detrimental in obtaining the quality of 
professional services needed for adequate contract performance. It is therefore 
in the Government's best interest that professional employees, as defined in 
29 CFR 541, be properly and fairly compensated. As a part of their proposals, 
offerors will submit a total compensation plan setting forth salaries and fringe 
benefits proposed for the professional employees who will work under the contract. 
The Government will evaluate the plan to assure that it reflects a sound 
management approach and understanding of the contract requirements. This 
evaluation will incfude an assessment of the offeror's ability to provide 
uninterrupted high-quality work. The professional compensation proposed will be 
considered in terms of its impact upon recruiting and retention, its realism, and 
its consistency with a total plan for compensation. Supporting information will 
include data, such as recognized national and regional compensation surveys and 
studies of professional, public and private organizations, used in establishing 
the total compensation structure. 
(b) The compensation levels proposed should reflect a clear understanding of work 
to be performed and shculd ind'cate the capability of the proposed compensation 
structure to obtain and Iteep suitably qualified personnel to meet mission 
objectives. The salary rates 3r ranges must take into account differences in 
skills, the complexity of 
Additionally, proposal: 

various disciplines, and professional job difficulty. 
envisioning compensation levels lower than those of 

predecessor Contractors =or t!~ same ltiork will be evaluated on the basis of 
maintaining pr9gran continuity. IJnintorruptod high-quality work, and availability 
of required ccmosi.?n-: 3r3fession31 s?r*/ic~ employees. 
lower& ComFensatizn li:r 255?TlIi3i!J/ tl7e 

Offerors are cautioned that 

of sound man#qgement '&nent 3n? lx!< of 
s3me professional -4ork may indicate lack 
understanding of the requirement. 
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unrealistically low or not in reasonable relationship to the various job 
categories, since it may impair the Contractor's ability to attract and retain 
competent professional service employees, may be viewed as evidence of failure to 
comprehend the complexity of the contract requirements. 
(d) Failure to comply with these provisions may constitute sufficient cause to 
justify rejection of a proposal. 

L.17 ROYALTY INFORMATION (FAR 52.227-6) (APR 1984) 

(a) Cost or charges for rovalties. When the response to this solicitation 
contains costs or charges for royalties totaling more than $250, the following 
information shall be included in the response relating to each separate item of 
royalty or license fee: 

(1) Name and address of licenser. 
(2 
(3 1 

Date of license agreement. 
Patent numbers, patent application serial numbers, or other basis on 

which the royalty is payable. 
(4) Brief description, including any part or model numbers of each contract 

item or component on which the royalty is payable. 
(5) Percentage or dollar rate of royalty per unit. 
(6) Unit price of contract item. 
(7) Number of units. 
(8) Total dollar amount of royalties. 

(b) Cooies of current licenses. In addition, if specifically requested by the 
Contracting Officer before execution of the contract, the offeror shall furnish a 
copy of the current license agreement and an identification of applicable claims 
of specific patents. 

L.18 SERVICE OF PROTEST (FAR 52.233-2) (NOV 1988) 

(a) Protests, as defined in Section 33.101 of the Federal Acquisition Regulation, 
that are filed directly with an agency, and copies of any protests that are filed 
with the General Accountin Office (GAO) or the General Services Administration 
Board of Contract Appeals 4 GSBCA), shall be served on the Contracting Officer 
(addressed as follows) by obtaining written and dated acknowledgment of receipt 
from William R. Kivett, NASA, Langley Research Center, Mail Stop 134, Hampton, VA 
23681-0001. 
(b) The copy of any protest shall be received in the office designated above on 
the same day a protest is filed with the GSBCA or within one day of filing a 
protest with the GAO. 

L.19 RESTRICTION ON USE AND DISCLOSURE OF PROPOSAL/QUOTATION 
INFORMATION (DATA) (NASA 18-52.215-72) (DEC 1984) 

It is NASA policy to use information contained in proposals and quotations 
for evaluation purposes only. While this policy does not require that the 
proposal or quotation bear a restrictive notice, offerors and quoter should, in 
order to maximize protection of trade secrets or other information that is 
commercial or financial and confidential 3r privileged, place the following notice 
on the title page of the prooosa! or quotation and speci$y the information subject 
to the notice by insarting acprzoriate idantiiicatjon, such as gage numbers, in 
the notice. in any event, inf?rTat;zn (dat3:i contAined ;n ,)rzocsals and 
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quotations will be protected to the extent permitted by law, but NASA assumes no 
liability for use and disclosure of information not made subject to the notice. 

RESTRICTION ON USE AND DISCLOSURE OF PROPOSAL AND QUOTATION 
INFORMATION (DATA) 

The information (data) contained in (insert paae numbers or other 
identification) of this proposal or quotation constitutes a trade secret 
and/or information that is commercial or financial and confidential or 
privileged. It is furnished to the Government in confidence with the 
understanding that it will not, without permission of the offeror, be 
used or disclosed for other than evaluation purposes; provided, however, 
that in the event a contract is awarded on this proposal or quotation 
the Government shall have the right to use and disclose this information 
(data) to the extent provided in the contract. This restriction does 
not limit the Government's right to use or disclose this information 
(data) if obtained frdm another source without restriction. 

L.20 EXPENSES RELATED TO OFFEROR SUBMISSIONS (NASA 18-52.215-x) 
(DEC 1988) 

7 
This solicitation neither commits the Government to pay any cost incurred in the 
submission of the offer or in making necessary studies or designs for preparing 
the offer, nor to contract for services or supplies. Any costs incurred in 
anticipation of a contract shall be at the offeror's own risk. 

L.21 FALSE STATEMENTS (NASA 18-52.215-76) (DEC 1988) 

PROPOSALS MUST SET FORTH FULL, ACCURATE, AND COMPLETE INFORMATION AS REQUIRED BY 
THE SOLICIWION (INCLUDING ATTACHMENTS). THE PENALTY FOR MAKING FALSE STATEMENTS 
IN PROPOSALS IS PRESCRIBED IN 18 U.S.C. 1001. 

L.22 DISPOSAL OF UNSUCCESSFUL PROPOSALS (NASA 18-52.215-80) 
(DEC 1988) 

After contract award, one or more copies of each unsuccessful proposal will be 
retained in the Government's official contract file, and all other copies will be 
destroyed. 

L.23 PREPROPOSAL/PRE-BID CONFERENCE (NASA 18-52.215-77) (DEC 1988) 

(a) A pr&proposal/pre-bid conference will be held as indicated below: 

Date: August 10, 1993 
Time: 8:30 a.m. 
Location: NASA LaRC, H.J.E. Reid Conference Center, 14 Langley 

Boulevard, Building 1222, Main Auditorium 
Other information: The conference is expected to last approximately 

three hours 
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For planning your itinerary, 
the conference: 

the following is a tentative agenda for 

Aaenda 

Registration 8:30 a.m. - 9:00 a.m. 
Opening Remarks 9:00 a.m. - 9:15 a.m. 
LaRC Presentations 9:15 a.m. - 10:X a.m. 
Break lo:15 a.m. - lo:30 a.m. 
Facilities Tour lo:30 a.m. - 11:30 a.m. 
Questions and Answers 11:30 a.m. - 12:00 Noon 

offeror. 
Attendance will be limited to a maximum of three representatives per 

The briefing will be unclassified. If you desire to attend the 
conference, you should so indicate by written or telephone contact with the 
appropriate individual specified in L.25 no later than August 8, 1993. After the 
briefing, advise this Center if you intend to submit a proposal. 

In order that as many questions as possible may be answered at the NASA 
presentations during the briefing, written questions must be submitted to the 
contact listed in L.25 no later than August 8, 1993. A limited time may be 
available for answering questions submitted on the day of the conference. 
However, as there is no assuranc 
remain, 

e that adequate time to answer such questions will 
submission of questions prior to th .e ccnference, by the date specified 

above, will assure their being fully answered. 

(b) Attendance at the preproposal/prs-bid conference is recommended; 
however, attendance is neither required nor 3 prerequisite for proposal/bid 
submission and will not be considered in the evaiuation. 

L-24 CERTIFICATE OF PROCUREMENT INTEGRITY - OFFERS (LaRC 52.203-90) 
(OCT 1992) 

The certificate required by Federal Acquisition Regulation (FAR) provision 
52.2038, Reauirement forcertificate of Procurement Intearitv, Alternate 1, is 
attached to this solicitation. In accordance with FAR 3.104-9, the officer or 
employee responsible for your offer for this procurement must execute this 
certificate after negotiation of the contract and prior to award. Do not submit 

L.25 COMMUNICATIONS REGARDING THIS SOLICITATION (LaRC 52.204-95) 
(AUG 1992) ’ 

solic 
Any communications in reference to this solicitation shall .ite the 

itation number and be directed to the following Government representat ive: 

the certificate with-your proposal. 
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Any written communications must include the mail code on the envelope or on the 
telex. 

L.26 NASA’S POLICY ON FACILITIES CAPITAL COST OF MONEY (LaRC 52.215-95) 
(JUN 1988) 

As required by NASA FAR Supplement 18-15.970-3, when facilities capital cost 
of money is included as an item of cost in the Contractor's proposal, a reduction 
in the profit objective shall be made in an amount equal to the amount of 
facilities capital cost of money allowed in accordance with FAR 31.205-10(a). 

L.27 CERTIFICATION OF COST OR PRICING DATA (LaRC 52.215-97) 
(JUN 1988) 

Pursuant to the provisions of Public Law 87-653, as amended by Public Law 
97-86, the Contractor will be required to certify, except where the price 
negotiated is based on adequate.price competition, as determined by the 
Contracting Officer, or established catalog or market prices of commercial items 
sold insubstantial quantities to the general public, or prices set by law or 
regulation, that the cost or pricing data submitted or identified on Standard Form 
1411 are accurate, complete, and current. The required certificate is set forth 
in FAR 15.804-4, a copy of which is attached (NASA-Langley Form PROC./P-281) and 
which shall be properly executed after negotiation and prior to contract award. 

L.28 BIDDER'S LIBRARY 

A bidder's library has been established and is located at 1 N. Dryden Street 
(Bldg. 1209), Room 187A at NASA LaRC. Information regarding the library and its 
contents is included in Attachment 6 - Bidder's Librarv Information. The library 
contains NASA Handbooks (NHB's), Langley Handbooks (LHB's), Langley Management 
Instructions (LMI’s), and other standards, guidelines and sample reports 
referenced in the RFP. The hours of operation are from 8:30 a.m. to 4:00 p.m. 
Monday through Friday, excluding holidays. The library will be open for operation 
from release of the RFP through the proposal due date. Offerors wishing to visit 
the bidders library should contact Ms. Tracy Patterson at (804) 864-7289 to 
schedule an appointment. All users of the bidders library must have a proper NASA 
Visitor's Badge, which may be obtained from the NASA Langley Badge and Pass Office 
located at the Main Gate (1 Langley Boulevard). Limited copying support will be 
provided for materials in the bidders library. The maximum total number of pages 
(single side, one copy each side) which may be copied per offeror is 20. 

L.29 REJECTION, NEGOTIATION, AWARD AND EXPENDITURE OF FUNDS 

This solicitation does not commit the Government to award a contract, since 
the Government reserves the right to reject any or all proposals, or to negotiate 
separately with any source considered qualified. The Contracting Officer is the 
only individual who can legally comnit the Government to the expenditure of public 
funds in connection with the proposed procurement. 
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L.30 DRAFT PROVISION - IDENTIFICATION OF UNCOMPENSATED OVERTIME 

(a) As used in this provision, the following definitions apply: (i) 
"Uncompensated overtime" means the hours worked in excess of an average of 40 
hours per week by direct charge employees who are exempt from the Fair Labor 
Standards Act (FLSA) without additional compensation. Compensated personal 
absences, such as holiday, vacations, and sick leave shall be included in the 
normal work week for purposes of computing uncompensated overtime hours. For 
purposes of this clause, uncompensated overtime also includes hours worked in 
excess of an average of 40 hours per week by direct char e FLSA-exempt employees 
for which less than full compensation was received. (ii7 "Effectively hourly 
rate" is the rate which results from multiplying the hourly rate for a 40-hour 
work week by 40, and then dividing by the proposed hours per week. For example 45 
hours proposed on a 40-hour work week basis at $20.00 per hour would be converted 
to an effective hourly rate of $17.78 per hour [($20.00 X 40) divided by 45 = 
$17.78.1 

(b) For any hours proposed against which an effective hourly rate is applied, the 
Offeror shall identify in its proposal the hours in excess of an average of 40 
hours per week, at the same level of detail as the initial 40 hours, and the 
effective hourly rate, whether at the prime or subcontract level. Such 
identification is required for FLSA-exempt employees who charge all or,some of 
their time (including overtime) direct. The Offeror shall also identify any 
compensated overtime hours included in indirect cost pools for employees whose 
regular hours are normally charged direct (for example, FLSA-exempt employees 
placed in indirect cost poo1.s for allocating costs among tasks under a service 
contract). 

(c) Proposals which include unrealistically low labor rates, or which do not 
otherwise demonstrate cost realism, will be considered in a risk assessment and 
evaluated for award in accordance with that ass.zssment. 

(d) The Offeror's accounting practices used to estimate uncompensated overtime 
must be consistent with its cost accounting practices used to accumulate and 
report uncompensated overtime hours. 

(e) The Offeror shall include with its proposal a copy of its policy addressing 
uncompensated overtime, including a description of the timekeeping and accounting 
systems used to record all hours worked by exempt employees. 

L.31 USE OF GOVERNMENT SUPPLY SOURCES 

You may assume for proposal preparation purposes that use of Government 
sources such as GSA Contractors will be authcrized. Reference FAR Clause 
52.251-i. 
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L.32 SMALL BUSINESS AND SMALL DISADVANTAGED BUSINESS SUBCONTRACTING PLAN 
(NASA 18-52.219-73) (DC 1988) ALTERNATE I @EC 1988) 

(a) This provision is not applicable to small business concerns. 
(b) The contract expected to result from this solicitation will contain FAR 
clause 52.219-9, "Small Business and Small Disadvantaged Business Subcontracting 
Plan." Each offeror must submit the complete plan with its initial proposal. 

L.33 SMALL DISADVANTAGED BUSINESS SUBCONTRACTING GOAL 

This solicitation requires the submission of a Small Business and Small 
Disadvantaged Business Subcontracting plan in accordance with the clause at FAR 
52.219-9. Offerors are advised that, in keeping with Congressionally-mandated 
goals, NASA seeks to place its contract dollars, where feasible, with small 
disadvantaged business concerns as defined in 52.219-8 of the FAR and 18-52.219-76 
of the NASA FAR Supplement. The Contracting Officer has determined that a goal of 
5 percent of the total dollar value of your proposal is a suitable minimum goal 
for small disadvantaged businesses, and that such goal should constitute the 
minimum acceptable small disadvantaged business subcontracting goal for contract 
award. Note: NASA Prime Contractor can only count first tier subcontracting 
dollars toward the achievement of the 5 percent goal. - 

NOTE: NASA encourages all offerors to attempt to meet and/or exceed.this goal 
to the maximum extent practicable and to continue to encourage small 
disadvantaged business development throughout the contract period. The 
extent of each offeror's proposed small business and small disadvantaged 
business subcontracting plan as it relates to the effective achieving or 
exceeding of this goal will be a subfactor considered by the Source 
Evaluation Committee in Factor 4, Other Considerations. 

L.34 CONTRACTOR'S OFF-SITE FACILITY/GEOGRAPHICAL LIMITATION 

The successful offeror shall provide an off-site facility to house all 
personnel and Contractor-furnished property. The successful offeror shall have a 
facility that is located within a lo-mile radius of LaRC (see Attachment 8) to 
qualify for consideration under this procurement. This geographical limitation is 
essential for the immediate resolution of emergency pressure system failures and 
performance of emergency repairs. NOTE: The Contractor's off-site facility must 
have approximately 100 square feet of storage area to house the radiographs and 
draw ri ngs identified in the Sta It 

L.35 PROPOSAL PREPARATION AND 

:ement of Work (Exhibit A). 

SUBMISSION--SPECIAL INSTRUCTIONS 

subm i 
show n 

A. Number of Proposals, 
t the original and 12 cop i 

in Block 8 of the Standa r 

Time and Place of Submission--The offeror shall 
es of each volume of his proposal to the address 
d Form (SF) 33 (face page of this solicitation), or 

if hand carried, to the depository listed in Block 9 of the SF 33. Offers must be 
received at the place indicated on or before the date and hour shown in Block 9 of 
the SF 33. Each volume of the original must be designated as such, and each 
volume of all other copies shall be numbered, one through 12, on the outside 
cover. 
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B. 
concise. 

Proposal C'ia~ity---Yocr ;;;~p,zs3; ::1~~ulii be specific, co;;lplete, and 
The offeror is urge(! -Io ~~~a:nine e:-iis solicitation in its entirety and to 

assure that his propo,;a: cznt~ins i:l 25, ?z::~z;w~/ info.rmation, provides all 
required documentatic;l and is ~;np:,~-ts i!? a?1 r?s~ctz since evaluation of the 
proposal will be based on th 
what is implied. 

2 actual mate-iai presented and not on the basis of 
yO!J jh*)ul*j eiJj:ir? .::>a: J/cur 

your technical propozzl in 211 ir'es;;.z.:2s <iqc? 
r,st proposal is consistent with 
t>e cost proposal may be used as an 

aid to determine the dieror's undzrstandinz of the technical requirements. 
Discrepancies ;n~:l 22 -;f >\Jz~ 22 2 !q2*:;: 3;: ,.-:,’ a-:.icndi i;s+ A..“1. 

C. propos;l’r for:,1;7.2 Sj’J Qiyt3;:‘-I 

1. Proposals must he st.hn<':ta! in '2~ (2) volu:ges: Volume I, Mission 
Suitability Proposal, and 'lol:nz Ii, Dus!~ss ?;-zposal. No cost information shall 
be presented in the Hission Suita%lity ?rop:sal 
for proposed Xzy Personnel, 

e::cept .she salary data requested 
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the systems; 
(2) the analytical procedures that will be used in analyzing 

(3) the rationale for determining the structural integrity of 
system components; . 

(4) the types of tests that will be used to establish the 
structural integrity of the systems; 

(5) the rationale for using various nondestructive techniques; 

(6) the rationale for establishing periodic inspections; 

(7) the procedures for dealing with essential systems when 
anomalies are identified; and 

(8) the procedures for developing repair specifications; and 

(9) the methods of performing emergency repairs. - 

In addition to the above, to further convey your understanding, 
your proposal should discuss typical problems associated with pressure systems 
recertification effort and proposed resolutions. Include contingency plans, as 
applicable. You should discuss any innovative ideas or improvements that may be 
applied in performing the pressure systems recertification effort. 

Insure that your proposal includes all information necessary to 
clearly convey that you understand the pressure systems recertification effort and 
can effectively perform it. 

b. Confiauration Manaaement (CM) Services--Discuss the technical 
issues involved in performing CM services and your approach for performing Section 
3.0 of the Statement of Work, Exhibit A to this RFP. Your proposal should 
address, as a minimum, the following: 

(1) approach to controlling safety through CM (as described in 
NASA LHB 1740.4, Facility System Safety Analysis and Configuration Management, 
June 1987); 

(2) procedures for updating Safety Analysis Reports, operating 
procedures, checklists, and Configuration Controlled Drawings; 

(3) methods of incorporating recertification documentation 
into the CM program; 

(4) approach to interfacing with NASA facility personnel; 

(5) techniques for assisting LaRC's Safety Manager in 
conducting operating procedure demonstrations; 

(6) methods of evaluating Change Notification Sheets; 
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(7) procedures for maintaining the Laboratory Risk 
Evaluations, Asbestos CM, and Pressure Systems CM Programs; 

03) methods and equipment that will be used in processing 
Configuration Controlled Drawings; 

(9) system safety techniques to evaluate risks associated with 
Construction-of-Facilities projects; 

Reports; 
(10) processes for tracking and monitoring Problem Failure 

Projects; 
(11) techniques for maintaining the CM Program for Flight 

(12) methods for controlling and updating the Aerothermal Loads 
Branch's supporting facility documentation; and 

(13) procedures for operating the 8' High Temperature Tunnel's 
Library. 

In addition to the above, to further convey your understanding, 
your proposal should discuss typical problems associated with the CM effort and 
proposed resolutions. Include contingency plans, as applicable. You should 
discuss any innovative ideas or improvements that may be applied in performing the 
CM effort. 

Insure that your proposal includes all information necessary to 
clearly convey that you understand the CM effort and can effectively perform it. 

2. Subfactor2- Phase-In Plan, Staffina and Continuina Personnel 
Manaaement 

This subfactor will be used to calculate the excellence of your 
plans for: initial phase-in, minimizing changeover difficulties, maximizing 
continuity of services to the Government, and maintaining competent staffing for 
the tern of the contract. Accordingly, your proposal should include the 
following: 

iDescription and schedule of all phase-in activities. 
purposes of establishing your phase-in milestones 

NOTE: For 
assume Contractor selection in 

December 1993, contract award in January 1994, and a contract start date of 
March 1, 1994. 

b. Plans for reaching the required complement of qualified 
personnel by contract start (March 1, 1994); a table of personnel sources noting 
the percentage of the total initial work force which you intend to obtain from the 
following: your own resources, other divisions of your company, subcontra;:;;i;; 
team agreements, outside recruitment, and incumbent personnel retention. 
your basis for anticipated incumbent work force retention and the proposed mix of 
personnel sources. You should discuss your plans for making operational any 
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non-personnel resources required for contract performance; e.g., facility, 
materials, equipment, and vehicles. 

c. Description of the recruitment and employment methods your 
company will use to staff the contract during the contract term. 
policies for minimizin 

Programs and 

Additionally, you 3 
turnover and retaining experienced personnel. 

shou d identify specific recruitment plans for the following 
highly skilled and difficult-to-locate positions: 

Lead Structural & Pressure Systems Engineer 
Lead Systems Safety Engineer 
Senior Structural Engineer 

For each position identified above describe, through the use of 
position descriptions, hiring vacancy announcements, or sample resumes, the 
qualifications necessary to perform the function. Also, discuss specific sources 
of recruitment; sources of advertisement; time frame required to effect hire; and 
typical problems encountered in filling the vacancies and proposed solutions to 
these problems. 
skills. 

Describe your company's past recruiting experiences with similar 

d. Description of your training, orientation, and career 
development plans. 

e. Description of your programs for motivating and incentivizing 
employees to continuously improve performance and increase productivity. 

f. Discussion of your plans for accommodating personnel absences 
and fluctuating workloads. 

3. Subfactor 3 - Total Comoensation Plan 

This subfactor will be used to evaluate the suitability of the 
proposed compensation structure to assure that highly qualified employees are 
attracted to perform the effort and their continued interest and employment are 
likely to occur. Accordingly, the offeror should submit a Total Compensation Plan 
for the professional and non-professional employees proposed to perform the 
Statement of Work to include salaries/wages and a detailed description of fringe 
benefits and leave policies, Itemize the benefits that require employee 
contributions and the amount of that contribution as a percentage of the total 
cost of the benefit and of the employee's salary or wage. Describe your policies 
for establishing the wage levels of any retained incumbent Contractor employees 
and explain the eligibility and vesting for hired incumbent Contractor employees 
for your proposed fringe benefits; e.g., vacation, medical insurance, sick leave, 
and retirement. Describe how pre-existing medical conditions for incumbents and 
their dependents will be handled under your health insurance plan. Highlight 
differences, if any, between the compensation policies for professional and 
non-professional personnel. The Total Compensation Plan should be submitted in 
accordance with FAR 52.222-46 (see L.16 of this RFP). Include your compensation 
plans for all professional positions as defined in 29 CFR 541. 
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(5) Any corporate support that will be available under this 
contract. 

E. BUSINESS PROPOSAL - VOLUME II 

1. FACTOR 2 - COST 

Offerors are required to submit cost proposals using Standard 
Form (SF) 1411a*Contract Pricing Proposal Cover Sheet, a copy of which is included 
as Attachment 2 of the solicitation. Offerors shall fully comply with the 
requirements of Table 15-2, Instructions for Submission of a Contract Pricing 
Proposal, which begins on Page 2 of the SF 1411. Provide supporting information 
for each cost element as required by Table 15-2. Offerors shall also provide Cost 
Forms as specified in Attachment 4, on diskette as well as in their written 
proposals, to aid the source evaluation committee in comparing the proposed costs. 
SF 1411's and cost forms shall be provided as follows: 

Forms Period 

Phase-In SF 1411 
First Year of Initial Contract Period A-l, B-l 
Second Year of Initial Contract Period A-2, B-2 
Third Year of Initial Contract Period A-3, B-3 
Fourth Year of Initial Contract Period A-4, B-4 
Fifth Year of Initial Contract Period A-5, B-5 
Total Initial Contract Period (Five Years) SF 1411, A-6 
Options to Extend 1 - 6 (One MO. Each) SF 1411, A-7, B-6 
Options to Increase Direct Labor SF 1411, C 
Total, Ph.-In, Init. Contr. and All Opts. SF 1411, A-8 

Prior to 3/l/94 
3/l/94 - 2/28/95 
3/l/95 - 2/29/96 
3/l/96 - 2/28/97 
3/l/97 - 2128198 
3/l/98 - 2/28/99 
3/l/94 - 2/28/99 
3/l/99 - a/31/99 
3/l/94 - 2/28/99 
3/l/94 - a/31/99 

If your proposed costs for the six one-month extension options will be the same 
for each of the months, you may submit one Form A-7, one Form B-6, and one SF 
1411; otherwise submit one of each form for each month. (Make additional copies 
of A-7 and B-6 in the spreadsheet file if submission of six each is necessary.) 
Diskettes containing the forms in a spreadsheet file will be provided to offerors 
upon request, and the Government-provided spreadsheets must be completed and 
submitted as part of your proposal. Forms must also be submitted on paper, and a 
complete paper set will be provided to offerors with the diskette if requested. 
The forms included in Attachment 4 were printed as Lotus l-2-3 for Windows 
spreadsheets. The Government-provided diskettes will be furnished as l-2-3 2.x, 
l-2-3 3x, l-2-3 W, or Quattro Pro for DOS or Windows spreadsheets as requested by 
the proposer. Also specify diskette size (3-l/2” or 5-l/4") and density (360Kb, 
720Kb, 1.2 Mb, 1.44 Mb). The paper forms you submit with your proposal may be 
printed from your completed spreadsheets; they need not have the same appearance 
as the examples in Attachment 4 as long as they are readable. You may change 
column widths, formats, fonts, etc., but DO NOT MOVE CELLS and DO NOT INSERT OR 
DELETE ROWS OR COLUMNS. Submit two copies of your diskette(s). In the event of 
any inconsistency between the diskettes and the paper forms, the paper forms will 
be considered the intended version. 
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You are encouraged, but not required, to prepare your entire cost proposal using a 
spreadsheet program, 
spreadsheet formulas. 

and to connect the proposal to the NASA forms with 

b. Your cost proposal as represented by the Standard Forms 1411 
must be prepared in accordance with your accounting system and your Cost 
Accounting Standards Disclosure Statement if applicable. 

C. Instructions for Cost Forms A, 8, and C 

(I) Offerors shall complete the A and B series of forms and 
Form C in accordance with the following instructions, even though the resulting 
cost classifications may differ from the offeror's accounting system and 
practices, If these costs classifications differ from your established 
classification system, identify, reconcile, and explain the differences. 

(2) Amounts proposed for each cost element must be separately _ 
supported by an explanation of the method by which the amount was determined. 
Insert “N/A” where cost elements on the forms do not apply. 

(3) If escalation of salaries and wages or any other cost 
elements is proposed, the offeror should discuss the rationale and provide the 
offeror's escalation history for the past three years. 

(4) Instructions for specific items on the forms follow. 

(a) Direct labor - Forms B-l through B-6 must be used to 
present your proposed direct labor costs, and totals from B-l through B-6 should 
be entered in the appropriate spaces in Forms A-l through A-8. For Year 1 you 
must propose the direct labor hours (as defined in B.5.B) necessary to provide the 
51 positions set forth in "Staffing and Position Qualifications for Year 1," under 
Attachment 5. For Years 2 through 5 and for the six one-month options you must 
propose the direct labor hours necessary to provide the 46 positions set forth in 
"Staffing and Position Qualifications for Year 2 through Year 5," under Attachment 
5. Explain the number of hours you use to calculate the costs for each position. 

A copy of the Register of Wage Oeterminations and Fringe Benefits issued by the 
Department of Labor for employees under this proposed contract is included in 
Exhibit F. It should be noted that the wage rates specified therein are minimum 
rates. It should also be noted that the wage determination may not list all labor 
classes to be employed under this contract. Paragraph (a) of the Section I clause 
entitled "Service Contract Act of 1965" states that in this event, conformable 
rates must be established for those service employees to be employed under the 
contract but not listed on the wage determination. These conformable wage rates 
will be the result of a three-party agreement between the employees, Contractor, 
and the Government. 

Any composite hourly rates on forms B-l through B-6 must be explained. 

If you propose to subcontract any part of the required direct labor, have the 
prospective subcontractor complete separate SF 1411's, Forms A-l through A-8, B-l 
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through B-6, and, if applicable, C. (The prospective subcont ractor should 
complete the forms as if it is a pr ime contract proposer.) 

Any shift differential costs should 
A-l through A-8. 

be entered in the appropr iate places on Forms 

(b) Fringes and Payroll Taxes - Enter the fringe benefits 
and payroll tax costs applicable to direct labor costs and any labor shown under 
"Allocated Labor Other than G&A." Fringe benefits and payroll taxes applicable 
to subcontracts for level of effort labor should be included by the prime proposer 
in "Costs Other than Labor, and Profit, for Subcontracts in LOE." 

If it is your normal practice to account for fringe benefits and payroll taxes as 
direct costs, or if you intend to include these costs in a fringe benefit or 
overhead pool dedicated to the proposed contract only, estimate the costs for each 
element and enter on the forms. If these costs are part of a fringe benefit or 
overhead pool that will allocate to other cost objectives as well as to the 
proposed contract, and you normally estimate such costs by projecting a fringe 
benefit or overhead rate to be applied to a base such as direct labor cost, 
estimate the costs according-to the normal practice and divide the costs among the 
various individual elements in a logical manner. 

(c) Costs Other than Labor, and Profit, for Subcontracts 
in LOE - Enter, and provide details in supporting data, all of your 
level-of-effort subcontracts' costs except the labor costs entered under 
"Subcontract Direct Level of Effort Labor" above, and the profits or fees you 
expect to negotiate with the subcontractors. As noted previously, any such 
subcontractors should complete forms A-l through A-8 and B-l through B-6. 

(d) Subcontracts Other than Level of Effort - Enter the 
costs of any subcontracts other than those that will provide a part of the 
required level of effort. Any such subcontracts in excess of $500,000 must be 
supported by SF 1411's and applicable cost or pricing data. 

Repair Services 
(e) Material, Equipment, Equipment Rental, and Emergency 

- These costs are estimated by the Government to be $347,000 per 
year for each of the five years in the initial contract period, and you should use 
these amounts in your proposal. "Equipment" as used in this cost item means 
purchased equipment required for specific tasks, as opposed to equipment such as 
vehicles and furniture necessary for the overall performance of the contract. 
Depreciation costs related to the latter should be shown under "Capital Equipment 
Costs/Leased Equipment Costs." If G&A or other burden applies to some or all of 
these items, include the cost under G&A and/or "Cost Not Shown Elsewhere." If G&A 
or other burden applies to some but not all of these items, estimate the costs 
insofar as possible and explain. 

(f) Nondestructive Examination (NDE) - The Government 
estimates that the costs for nondestructive examination and asbestos removal, 
transportation, and disposal services will be $400,000 per year for each of the 
five years of the initial contract, and you should use these amounts in your 
proposal. However, you should also thoroughly explain how you will provide NDE 
(subcontract, in-house, etc.) and explain the composition of the costs. if NDE 
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will be subcontracted, include in the appropriate place any burden or G&A that 
~111 apply. If you will perform NDE directly, (1) assume that the $400,000 amount 

E 
iven includes labor, overhead, and all other direct costs, and show G&A in the 
&A line; and (2) indicate labor rates for personnel who will provide the NDE 

work, and explain all other charges that will apply. NOTE: The NDE and the 
asbestos removal requirements are sporadic and highly dependent on the 
availability of Government funding. Historically, these services have been 
subcontracted. 

(g) Buildings and Related Costs - Enter the costs related 
to your facility. It should include rent or depreciation or allocated portion 
thereof, property taxes if applicable, insurance, costs of modifications that will 
be charged to the proposed contract, utilities, telephone service,-maintenance of 
buildings and grounds, fixtures, and security if applicable. 

(h) Capital Equipment Costs/Leased Equipment Costs - Enter 
the costs related to vehicles and any other tangible capital equipment. Fully 
explain the costs and provide the rationale for the methods of acquisition 
selected. Provide the term of any proposed leases. 

(i) Allocated Labor Other than G&A - Enter any non-G&A 
labor costs that will be allocated to the proposed contract through an indirect 
cost pool other than one entirely dedicated to the proposed contract. 

(j) City/County Business License Tax - Consult applicable 
local jurisdictions to determine any applicable business license taxes and enter 
your estimates here. Consult the City of Hampton regarding personnel to be housed 
at LaRC even if your facility will not be located in Hampton. 

(k) Costs not Shown Elsewhere - Enter any costs not 
covered by one of the preceding cost elements, facilities capital cost of money, 
or G&A. Examples of possible entries here are material burden if applicable; and 
costs included in a labor overhead pool that have not been entered under "Fringes 
and Payroll Taxes." 

(1) G&A - Enter G&A costs, and identify separately the 
rates used to determine the costs. Provide the composition of the G&A pool costs 
and allocation bases upon which the rates were determined. Provide G&A rate 
history for the preceding three fiscal years. 

(m) Facilities Capital Cost of Money - Enter FCCOM if you 
choose to include it in your proposal (please note L.12). If you do not propose 
FCCOM, Clause 52.215-31, WAIVER OF FACILITIES CAPITAL COST OF MONEY (SEPT 1987) 
will be included in the contract. 

(n) Award Fee - Enter the amounts, and provide your 
rationale for determining the proposed amount. 

(0) Options to Increase the Direct Labor Hours (Ref. 
H.16.3) - Use Form C for the costs of the options to increase the direct labor 
hours specified by B.5.A. The maximum additional direct labor hours required 
should be based on: 
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Period 
Man-Years or 
*Man-Months 

First Year of Initial Contract 
Second Year of Initial Contract 

UN;! - 2/28/95 
- 2/29/96 

Third Year of Initial Contract 
ii 

3/l/96 - 2/28/97 
Fourth Year of Initial Contract 3/l/97 
Fifth Year of Initial Contract 

- 2/28/98 :6’ 

Each of six one-month extension options 
3/l/98 - 2/28/99 
3/l/99 - a/31/99 *z 

You should use the weighted average straight-time rate of all direct labor 
personnel except for Job Titles 1 through 6 as identified in Attachment 5, 
Staffing and Position Qualifications, to cost the optional effort. 

Please refer to the previous instructions for completing individual cost elements 
to make entries on Form C. 

2. FACTOR 3 - RELEVANT FXPERIENCE AND PAST PERFORMANCE 

You should submit a summary of your experience and performance - 
history with respect to meeting technical objectives on schedule and within cost 
on related efforts. You should also submit a summary of the experience and 
performance history on related efforts of proposed major subcontractors. 
Experience is the accomplishment of work which is comparable or related to the 
work or effort required by this RFP. This factor includes the evaluation of 
overall corporate or offeror experience and past performance, but not the 
experience and performance of individuals who are proposed to be involved with 
work pursuant to this RFP. You are cautioned that omissions or an inaccurate or 
inadequate response to this evaluation factor will have a negative effect on your 
overall evaluation. 
contract: 

Your summary should include the following for each related 
contract number, contracting agency, telephone number, point of contact 

at agency, contract type, dollar value, dates contract began and ended or ends, 
description of contract work and explanation of relevance of work to this RFP, and 
actual delivery and cost performance versus delivery and cost agreed to in 
contract. For award fee contracts, separately state in dollars the base fee and 
award fee available and the award fee actually received, on a contract year basis. 

3. FACTOR 4 - OTHER CONSIDERATIONS 

a. Subfactor LzSubcontractina Plan for Small Business and Small 
Disadvantaaed Business Concerns 

The offeror (except small businesses) shall include a proposed 
subcontracting plan for small business and small disadvantaged business concerns 
for consideration in the source evaluation and selection process. The planned 
subcontracting amounts should be broken out and provided for each contract period, 
for a total contract duration of five years. 
Section I clause entitled, 

This plan must comply with the 

Subcontracting Plan," 
"Small Business and Small Disadvantaged Business 

and should provide for the small disadvantaged business goal 
that is equal to or greater than the goal referenced in L.33. 
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NOTE: Your proposed subcontracting goal to small disadvantaged business concerns 
shall include any planned subcontract awards to small disadvantaged 
business concerns as defined in FAR Clause 52.219-8 and Women-Owned 
Businesses, Historically Black Colleges and Universities, and other 

-Minority Educational Institutions as defined in NASA FAR Supplement Clause 
18-52.219-76. 

b. Subfactor LL Financial Condition andcapability 

In order for your financial responsibility to be evaluated, you 
must submit profit and loss statements for your last three Fiscal Years and 
balance sheets as of the end of your last three Fiscal Years. In addition, 
indicate your current credit rating, lines of credit, sources of funds, and 
proposed means for financing any resulting contract. 

c. Subfactor &-Facility 

Your attention is directed to the requirements of L.34. Include 
evidence that you have or will have a facility by contract start date *(March 1, 
1994). You should specify the size, general description, and interior layout of 
the local facility (layout drawings should be to scale). You should provide 
evidence of your proposed lease or purchase arrangements including costs, your 
plan for maintaining the operational status of the facility, and any options for 
future expansion of the facility to house all or a portion of the work force 
contained in the options set forth in H.16. Members of the Source Evaluation 
Committee may inspect the proposed off-site facility. 

d. Subfactor 4 - Contract Terms &Conditions 

You should cite any proposed exceptions that you have to the 
terms and conditions, together with an explanation of the basis therefor, and your 
proposed means for resolving any such exceptions should be discussed. This same 
information for any additive terms and conditions should be provided. 

SECTION M - EVALUATION FACTORS FOR AWARD 

M.l METHOD OF EVALUATION 

A. Proposals received in response to this RFP will be evaluated by a Source 
Evaluation Committee (SEC) in accordance with procedures similar to those 
prescribed in the NASA Handbook (NHB) 5103.68. Mission Suitability will be 
scored. Cost, Relevant Experience and Past Performance and Other Considerations 
will be evaluated but not scored. The Source Selection Official, after 
consultation with the SEC, will select the offeror (or offerors) for final 
negotiation which he considers can perform the contract in a manner most 
advantageous to the Government, all factors considered. 

B. Alternate Evaluation Procedures--The SEC may use evaluation procedures 
outlined in NH6 5103.68 or may use alternate procedures outlined in the NASA 
Streamlined Acquisition Handbook which dispense tiith initial scoring. Under the 
alternate procedure, proposals are initially reviewed to eliminate unacceptable 
proposals and determine strong and weak points, develop questions and proceed 
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directly to written and/or oral discussion. Following questions, "Best and Final 
Offers," are requested. Based on the "Best and Final Offers," proposals are 
reexamined and scored, 

C. Evaluation will be on the basis of material presented and substantiated 
in your proposal and not on the basis of what may be implied. Vague statements 
will-be interpreted as a lack of understanding on the part of the offeror and/or 
inability to demonstrate adequate qualifications. Your attention is directed to 
Section L, L.35, which provides important instructions concerning proposal 
preparation. 

M.2 EVALUATION FACTORS 

A. Factor 1 - Mission Suitabilitv--The content of this section of your 
proposal will provide the basis for evaluation of your response to the technical 
requirements of the RFP. The Mission Suitability Subfactors to be considered and 
scored in the evaluation of your Mission Suitability Proposal are set forth below: 

1. Subfactor t- Technical Approach - 

a. Structural andPressure Systems Recertification Effort--This 
subfactor will be used to evaluate the offeror's understanding of the structural 
and pressure systems recertification technical requirements, ability to accomplish 
the work as demonstrated by the discussion of the technical issues involved, the 
proposed approach for performing the structural and pressure systems 
recertification effort, and any innovative ideas or improvements. 

b. Confiauration Manaaement Effort--This subfactor will be used to 
evaluate the offeror's understanding of the configuration management requirements, 
the ability to accomplish the work as demonstrated by the discussion of the 
technical issues involved, the proposed approach for performing the configuration 
management effort, and any innovative ideas or improvements. 

2. Subfactor L1_ Phase-In Plan, Staffina, Continuina Personnel 
Manaaement 

Under this subfactor an evaluation will be made regarding the 
excellence of your plans for initial phase-in, minimizing changeover difficulties, 
maximizing continuity of services to the Government, and maintaining competent 
staffing during the term of the contract. The following items will be evaluated: 

a l , Effectiveness of your phase-in schedule including your approach 
to meeting each milestone, 

b. Effectiveness of your plan to fully staff the contract by 
contract start (March 1, 1994) with qualified personnel and make operational the 
non-personnel resources, e.g., facility, materials, equipment, and vehicles. 
Soundness of the rationale for the proposed mix of personnel sources will be 
evaluated. 

Effectiveness of your recruitment and employment methods 
proposed to stiff the contract during the contract term for all personnel and the 
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effectiveness of your programs and policies for minimizing turnover and retaining 
experienced personnel. In addition, the offeror's position descriptions, hiring 
vacancy announcements, or sample resumes for the highly skilled and difficult-to- 
locate positions identified will be evaluated with regard to education, 
experience, and other qualifications to insure that they reflect an understanding 
of the requirements to be performed. The effectiveness of specific recruitment 
plans for the highly skilled and difficult-to-locate positions identified. 

d. Approach to training, orientation, and career development will 
be evaluated to assess your company's understanding of the needs relevant to this 
proposed effort. 

e. Effectiveness of your programs for motivating and incentivizing 
employees to continuously improve performance and increase productivity. 

f. Excellence of your plans for accommodating personnel absences 
and fluctuating workloads. - 

3. Subfactor 3 - Total Compensation Plan 

Your proposed Total Compensation Plan (professional and non- 
professional) will be evaluated regarding the suitability, reasonableness, and 
equitableness of the proposed compensation structure (both salaries/wages and 
fringe benefits) to assure that highly qualified personnel are attracted to the 
effort and their continued interest and employment are likely to occur. 
Professional and non-professional compensation will also be evaluated to assure 
that the proposed compensation reflects an understanding of the requirements to be 
performed. NOTE: Reference L.16, Evaluation of Compensation for Professional 
Employees, for additional instructions. 

4. Subfactor 4 - Kev Personnel UOraanization . : 

a. gualifications andAvailabi?itv of Kev Personnel--This subfactor 
will be used to evaluate the education, experience, and other qualifications of 
your proposed Key Personnel against their proposed functions/duties and the 
position qualifications set forth in Attachment 5, Staffing and Position 
Qualifications. The evidence of availability of key personnel at reasonable 
compensation level will be evaluated. Consideration will be given to the 
capability and knowledge demonstrated by proposed Key Personnel at oral 
discussions, if held, as well as the findings of any reference checks which are 
made. 

b. Qrqanization--This subfactor will be used to evaluate the 
adequacy and suitability of the proposed organization, including the key personnel 
and any subcontracting or teaming agreements proposed, for performing the work 
efficiently and effectively. Corporate support will be evaluated regarding the 
extent, suitability, and availability of the support for this contract. The 
following items will be considered in the Government's evaluation: 

(1) Corporate/company/team organization. 
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(2) Contract unit's organization, the placement and reporting 
relationship of any subcontractor or team member within the contract unit, and 
subcontractor/team effort integration with the prime effort. Proposed 
subcontracting and/or consulting agreements, including the rationale for the 
arrangement, the qualifications of the subcontractor or team members, nature and 
extent of effort, and commitment of subcontractor to this effort. 

(3) Distribution of management and administrative effort. 

(4) Duties, responsibilities, authority of key positions, 'and 
the rationale for the designation of key personnel. 

(5) Extent, suitability, and availability of corporate support 
proposed for this contract effort will be evaluated. 

8.. Factor 2 - Cost--An analysis of the proposed cost and fee for the basic 
and priced optfon periods, and for the options for additional labor will be 
conducted to determine their validity and the extent to which they reflect 
performance addressed in the Mission Suitability proposal. An assessment will be 
made of the offeror's capability to accomplish the contract objectives within the 
estimated cost proposed. The reasonableness of the proposed fixed fee will also 
be determined in accordance with the guidelines set forth in NASA FAR Supplement 
18-15.902. A probable cost will be developed in accordance with NHB 5103.6 for 
each proposal in the competitive range or, in the event the Alternate Evaluation 
Procedures are used, for each acceptable proposal. The cost proposal may be used 
as an aid to determine the offeror's understanding of Mission Suitability 
Requirements. 

c. Factor ;LLRelevant Experience and Past Performance--Experience and past 
performance will be assessed to determine the extent to which contract objectives 
(including technical, schedule and cost) have been achieved on related efforts. 
Experience wfll be viewed as the demonstrated accomplishment of work which is 
comparable and relevant to the objectives of this procurement. This factor 
includes the evaluation of overall corporate or offeror experience and past 
performance, including major subcontractors, but not the experience and 
performance of individuals who are proposed to be involved in the required work. 
Independent verification will be made as needed. 

D. Factor 4 - Other Considerations --The following subfactors will be 
evaluated based on information presented in your proposal and all other 
information available to NASA. 

1. 5’ ubfactor 1 - Small Business and Small Disadvantaaed Business 
Subcontractina Plan 

Your plan will be evaluated to determine the extent of the offeror's 
compliance with NASA policy to afford maximum practicable opportunity for small 
and small disadvantaged business concerns to participate in Government contracts. 
This subfactor will consider the extent that the proposed small disadvantaged 
business goal is greater or less than the goal stated in L.33 and your probability 
of meeting these 
less than the goa 9 

oals based on your plan. A proposed small disadvantaged goal 
referenced in i.33, will have a negative effect on your 
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evaluation of this subfactor. NOTE: 
business offerors. 

This subfactor does not apply to small 

2. Subfactor LL Financial Condition andcapability 

Your financial position (and that of all proposed major 
subcontractors) will be evaluated with regard to its soundness and to insure that 
adequate financial resources are available to perform this effort for the total 
potential period of performance. 

3. Subfactor LI_Facilitv 

Your proposed off-site facility will be evaluated to determine the 
appropriateness of the facility's size, location , and lay-out to house the 
necessary personnel and equipment, to facilitate the accomplishment of the 
contract effort. Any lease/purchase agreement will also be reviewed. 

4. Subfactor 4: Contract Terms &Conditions 

Your proposal will be reviewed to determine the extent 
terms and conditions as set forth in the RFP are accepted. Your rati 
the acceptability of any exceptions will be evaluated. 

M.3 RELATIVE IMPORTANCE OF EVALUATION FACTORS 

to which 
onale for and 

A. The weights to be used in the scoring of the Mission Suitability 
Subfactors are presented below: 

Subfactors Weiahts 

1. Technical Approach 40% 

2. Phase-In, Initial Staffing, and 
Continuing Personnel Management 15% 

3. Total Compensation Plan 15% 

4. Key Personnel and Organization 30% 
100% 

The numerical weights assigned to the above subfactors are indicative of the 
relative importance of those evaluation areas. 
as a guide. 

The weights will be utilized only 

8. Overall, in the selection of a Contractor for negotiation leading to 
contract award, Mission Suitability, Cost Relevant Experience and Past -- 
Performance and Other Considerations m'be of essentially equal importance. .-- 
Within Factor 2, Cost, the costs associated with the options for the additional 
level-of-effort and the six l-month option periods may be considered of less 
significance than the costs for the five year base period (including phase-in). 





ATTACHMENT 1 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LANGLEY RESEARCH CENTER 

HAMPTON, VIRGINIA 23665-5225 

CERTIFICATE OF CURRENT COST OR PRICING DATA 

This is to certify that, to the best of my knowledge and belief, the cost 
or pricing data (as defined in Section 15.801 of the Federal Acquisition Regula- 
tion (FAR) and required under FAR Subsection 15.804-2) submitted, either actu- 
ally or by specific identification in writing, to the Contracting Officer or the 
Contracting Officer's representative in support of * are 
accurate, complete, and current as of ** 

say month year 

This certification includes the cost or pricing data supporting any advance 
agreements and forward pricing rate agreements between the offeror and the Gov- 
ernment that are part of the proposal. 

FIRM 

NAME 

TITLE 

*** 

Date of Execution 

*Identify the proposal, quotation, request for price adjustment, or other 
submission involved, giving the appropriate identifying number (e.g., RFP No.). 

**Insert the day, month, and year when price negotiations were concluded and 
the price agreement was reached. 

***Insert the day, month, and year of signing, which should be as close as 
practicable to the date when the price negotiations were concluded and the con- 
tract price was agreed to. 

NASA-Langley (MAY 19861 PROC./P-281 



ATTACHMENT 2 
F ORM APPROVED 

CONTRACT PRICING PROPOSAL COVER SHEET 
1. SN~LICITAT~O~/CO~TRACT/MOOIFICATION 

* OMB NO. 

9aoGoo13 

OF CONTACT 

4. TYPE OF CONTRACT ACTION (Chack) 

~ 

0 FPI 0 OTHER fsmcf/u) 

‘i- PLACE(S) AND PERlOO OF PERFORMANCE 

8. PROFIT/FEE 

$ 

C. TOTAL 

$ 

8. List and rutarena, the identlflcation. auantiw and total price propowd for each contract line item. A line item cost breakdown supporting this recap is re- 
wired unless othe nia meclffod tw the Con&ctine Off&r. iconlfnue on rweru. anJ then on utdn w ,pcr. If neeruoy. Use earn* hedh- J __._-, 
A. LINE ITEM NO. -.--- B. lOENTlF ICATlON ---- -- c 

f 

:. OUANTITY 0. TOTAL PRICE lf= 
I I I 

. . L. . 

0. PROVIDE NAME. ADORESS, AND TELEPHONE NUMBER FOR THE FOLLOWING ff~ovolroou~ 
A. CONTRACT AOMINISTRATION OFFICE 8. AUOIT OFFICE 

E. REF. 

10. WILL YOU REQUIRE THE USE OF ANY GOVERNMENT PROPERTY 11A. 00 YOU REQUIRE GOVERN- 116. TYPE OF FINANCING Nowl 
IN THE PERFORMANCE OF THIS WORU? (Jf “Yer.” Identlh) MENT CONTRACT FINANCING 

TO PERFORM THIS PROPOSE0 
CONTRACT7 (If “Ye8.” COmPkle 

0 
ADVANCE 

Item I JB) PAYMENTS 0 
PROGRESS 
PAYMENTS 

[7 YES aNO 0 YES ON0 0 GUARANTEED LOANS 

12. HAVE you BEEN AWARDED ANY CONTRACTS OR SUBCONTRACTS 13. IS TtilS PROPOSAL CONSISTENT WITH YOUR ESTABLISHED EST’- 
FOR THE SAME OR SIMILAR ITEMS WITHIN rHE PAST 3 YEARS? MATING AN0 ACCOUNTING PRACTICES AND PROCEDURES AND 

(It “Y~I.” IderMY tlamlr). ewlorrur(rJ and contmcf numkrfr)) FAR PART 31 COST PRINCIPLES? (If “No.“~rPhin~ 

0 YES- q N; 

14. CDST ACCOUNTING STANDARDS BOARD KXSBI DATA (Public Law 91-319 01 amended and FAR PART JO) 
n. 

TIONS? (II “No:*’ ,rAphln J&mvmud, 
SUeJ CASR-REGULA- B. HAVE You SUBMITTEO A CASB OISCLOSURE STATCMENT 

CA38 DS-1 or 2Jt (If “Ye& ** specify in pro&d tb olllee to whleh 
rubmlkted and 11debrrmined IO & odequa@) 

0 YES 0 NO 
SHAVE YOU BEEN NOTIFIED THAT YOU ARE OR MAY BE IN NON- 

COMPLIANCE WITH YOUR DISCLOSURE STATEMENT OR COST 
ACCOUNTING STANOAROS? (1) *’ Yer,“8r~bkn In ~mP09dl 

0 YES 0 No _.__ __. ____, 
This nrc$polnl 1~ tu~lfnd ii, ,I-, %-t% to iho ?YP, contract rnvd;&ati~#: “!c. In Ilti;n : -.nC: ;?.:L:- CU. 

i: a instructions it; FAR 15 604 6(b) rl!. f&k !5--2. i; 
;crt rrtimars: .241Jicr dru3I ZcSiL as 

.>f This data ;nrJ conforms with t , .~hm:tt;,:, h, ,,rupad. rho dfurw, if EicdOU for 
nwotfatlon grJnu the contrxtinq officer 01 an vrlthorirrJ ~eu,rusrt~t~tw~ ~11s ~IU)CC IU a*dlnilv-, &L 40~~ riz.8, txlorc p+i. Jlo,e book% 
rcc’ordr do&men” and other types of factual information, ragardless of form or whether such supwrtirry :~lformall~ IS ~cI~ICJIY ref- 
sranced or inchxiad in the propowl ” the beais for prlcinq. that will parrnit an a:*cwate evnluatiw crf tCle yropoyd ~rtce.- _. .___ _ __ _ _ ____ ._ 

.---- 
15. NAME ANFT’ice-i----- .-‘* - 

_-. -- - 

I 

16. NhME-oF.Fiiw 

I 
- _--_---Y- - -_-_-.- 

17. SIGNATURE 
la. GATt OF SUBMISSION 

I 

1411. 101 STANDARD FORM 1411 (REV. 7.871 
PrwcrIOmI Dy GSA 
FAR (48 CFRl 53.215.2(c) 
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TABLE 16-f INSTRUCTIONS FOR SUBMISSION OF A CONTRACT PRICING PROPOSAL* 

1. SF 1411 providss a vehicle for the offsror to mbmit to ths Govsmmsnt a pricing proposal of estimatsd and/or incurrsd 
costs by contract line itsm with supporting information, adsquatsly cross-rsfsrsncsd, suitable for dstallsd analysis. A 
cost-element brsakdorn, using ths applicabls format prescribed in 7A, 8. or C bslow, ehall be attachsd for sseh proposed 
line item and must mtlsct any spscific rsquirsmsnts established by the contracting oficsr. Supporting breakdowns must be 
fumishsd for sacb cwt slsmsnt, consistent with offsror’e cost accounting system. When more than one contract line item is 
propossd, summary total amounts covering all line itsme must be furnished for each cost element. If agreement has bsen 
rsachsd with Covsmmsnt rsprsssntativss on uss of forward pricing rates/facton, identify the agreement, include a copy, and 
dacribs its naturs. 
applicable: 

Dspsnding on offeror’s system, brsakdowns shall bs providsd for the following basic elsmsntr of cost, as 

Materials--Provide a eonsolidatsd pricsd summary of individual material quantities included in the various tasks, ordera, or 
contract line items bsing propossd snd ths basis for pricing (vendor quotes, invoics prices, etc.). Include raw 
matsrials, parts, componsntr, asssmbliss, and ssnicss to bs producsd or psrformsd by othsn. For all items 
propossd, identify the item and show the source, quantity, and price. 

Compstitivs Methods--For thoss acquisitions (e.g., rubcontrscta, purchase orders, material orders, etc.) over $SOIJ,OC@ 
prlcsd on a compstitivs basis, also provide data shoring dsgrss of competition, and the basis for setabliching the 
sourer and rsasonablsnsu of price. For intsrorganirational transfsn priced at other than cost of the comparable 
competitive commsrcid work of ths division, subsidiary, or affiliate of the contractor, explain the pricing method 
(see Sl.206-26(s)). 

Establishsd Catdog or Markst Pricss/Priess Set by Law or Rsgulation-- When an exemption from the rsquirsmsnt to 
submit cost or pricing data is claimsd, whether the item was produced by others or by the offeror, provide 
justification for the usmption LI rsquirsd by 15.804-3(s). 

Noncompstitivs Methods--For thoss acquisitions (e.g., subcontracts, purchass ordsrs, matsrid orders, stc.) ovsr 
SSOO,ooO priced on a noncompstitivs basis, also provide data showing the basis for utablishing source and 
rsasonablsnsu of pries. For standard commercial items fabricated by the offeror that am generally stocked in 
invsntory, provide a uparats comt brsakdorn if priced bassd on cost. For intsrorganiaationd transfera priced at 
cost, provide a sspuats brsakdorn of cost by elements. As rsquirsd by 16.806-2(a), provide a copy of co& or 
pricing data eubmittsd by the prospsctivs source in suppo.+of each subcontract, or purchus order that is either 
(i) $l,OOO,OOO or man, or (ii) both mars than $500,000 and more than 10 psrcsnt of the prims contractor’s 
propossd price. The contracting oITIcer may rsquire submission of cost or pricing data in support of proposals in 
lower amounts. Submit the mults of the analysis of the pmspsctivs source’s proposd as rsquirsd by 15.806. 
When the submission of a prospective aourcs’a cmt or pricing data is required as dsscribsd above. it ahall bs 
includsd as part of the offeror’s initid pricing proposal. 

Dirsct Labor--Provide a tims-phsssd (s.g., monthly, quarterly. etc.) breakdown of labor hours, rates, and cost by 
appropriate category, and furnish bssss for estimates. 

Indirsct Costs--Indicate how offeror hu computed and applisd offeror’s indirect costs, including cost brsakdownr, and 
shoring trsnds and budgetary data, to provide a buir for evaluating the rsasonablsnsrs of proposed rates. Indicate the rates 
used and provide an appropriate sxplan. .an. 

Other Costs--List all other costs not othsrwiss included in the categories dsscribed above (e.g.. special tooling, travel, 
computer and consultant eenicss, pressnation, packaging and packing, spoilage and rework, and Federal sxciss tax on 
furnished articles) and provide basss for pricing. 

Roydtiss--If more than $260, provide ths following information on a ssparats page for each separate roydty or licsnss fss: 
name and aJdrsss of licsnsor; date of licsnss agreement; patent numbsrs, patent application serial numbsrs, or other buis on 
which the royalty is payable; brief dsscription (including any part or model numbsrs of each contract itsm or component on 
which ths roydty is payable); psrcsntags or dollar rats of royalty per unit; unit price of contract item; number of units; and 
totd dollar amount of roydtia. In addition, if spsciflcdly requested by the contracting officer, provide a copy of the current 
llcsnss agrssmsnt and idsntitication of applicable claims of spscific patents. (Sss FAR 27.204 and 31.206-37). 

Facilities Capitd Coat of Money--When the offeror elects to claim facilitiss capital cost of money u an alIorabls cost, ths 
offeror must submit Form CASB-CMB and show the calculation of the propossd amount (sss FAR 31.206-10). 

2. As part of ths spscitic information rsquirsd, ths offeror must submit with offeror’s proposd. and elsarly idsntify as such. 
cost or pricing data (that is, data that ars vsrifiabls and factud and othsrwiss u dsfinsd at FAR 15.801). In addition, 
submit with offsror’r proposd any information rswnably rsquirsd to explain offeror’s sstimating pmcsss, including-- 

a. Ths judgmsntd factors applisd and the mathematical or other methods used in the sstimats, indudiig thoss 
ussd in projcting from known data; and 

b. Ths naturs and amount of any contingsnciss includsd in ths proposed price. 

3. Whenever the offeror hu incurrsd costs for work psi-formed bsfors submission of proposal, thou costs must bs idsntiflsd 
in the offeror’s cost/price proposd. 

4. Thsn i a clsu distinction bstrssn rubmitting tort or pricing data and merely making availabls books, records, and other 
documents without identification. The rsquirsmsnt for submission of cost or pricing data is met when all accurate cost or 
pricing data reasonably available to the offeror have bssn eubmittsd, either actudly or by rpscilIc idsntiflcation. to the 
contracting officer or an authoriasd rsprssentativs. As later information comss into ths offeror’s posssssion, it should bs 
promptly eubmittsd to ths contracting oflicsr. The rsquirsment for eubmission of coat or pricing data continuss up to ths 
time of final agrssmsnt on price. 

5. In eubmitting offeror’s proposd, offeror must include an index, appropriately referenced, of all the coat or pricing data and 
information accompanying or idsntiflsd in ths pmposal. In addition, any future additions and/or misions, up to the date of 
agrssmsnt on price. must bs annotated on a eupplsmsntal index. 

*Federal Acquisition Regulation. paragraph 16.804-6(b). 
-2- 
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6. By rubmlt(;in( oUuoe’r propad, thr ofloror, if ~&~tod for nsgoti&ion, grants the contracting aw or aa mtbo- 
ropmntatlvr tba d&t to acunlao, at sny tlnu bdorr rrud, thoao books, morda, docuwntr, and othu rrpw of fwtud 
IafB, twgudb d form u rhothor ruch ruppodag Inform&ion ir rpuific~ly mfenncd or &cludd ia tha pmpord 
Y tha buL for pridq, thak wtll pmait an dequak evduation of the proporrd price. 

7.1sIaoaupradiMbh8Ru!laJ -at on prko, but More the crud rsaulting from the pmpoed, the &ror rhdl, 
u&u the coaditlorrr ~$atod ia FAR 18.804-4, rubmlt a Certificats of Cumnt Chat or Pricing Data. 

0. HEADIN FOR 8UBMI88ION OF LINE-ITEM SUMMARIES: 

A. Nor Cootrub (iacludiog Lotkt contrsctr). 

coa’r ELmaNT PROPOBED CONTRACT PROPOSED CONTRACT 
ESTIMATE-TOTAL COST ESTIMATE-UNIT COST 

REFERENCE 

0) 

Under C&ma (1)--Ratu appmprido cd &mntr. 
Undu Gohuna (2)--&A? thm n-81~ urd nuonabb coots th8t in offeror’s judmat will properly k 

iacunwd la d!kba~ eoatrut porfona8acr. When my of the co& in thir column have dndy boea iacurrwl (e.g., 
under a bttu coatrut or uapricul o&r), deuriba thorn on UI &ached #upporting schedule: When proproduction or 
rtwtup co& w dpifbat, or whoa rpuinc~ly roquoatod to do m by the contrtitiag officer, provide a full 
IdoatilIc&ht aad aphatioo of thorn. 

Ua&r oduma ($)--Optional, unlor roqulmd by the contruting omcor. 
U&or Uohmm (4)--1doatify the l ttuhnwat in which the infonrutioa rupporting the rpocific coat &meat May 

bo had. Attub rpuata pyw u acwruy. 

B. Chm Ordl Modfkationr, sad Cl&u. 

ESTIMATED COST OF 
COST con OF ALL DELETED NET COST TO COST OF NET COST OF RE?ER.ENCE 

ELEMENT8 WORK WORK BE DELETED WORK ADDED CHANGE 
DtLETED ALRJ!%DY 

PERFOBMED 

Uador Coiumn (I)--tnkr ape-0priM coat doamtr. 
Uabr Column I)--Include ,I) 

I 
currant wtimata of what the coat would h8vo ka to complok d&ted work not 

yat pufommd, and (U tlu ccat of dolotod work &wdy pufornud. 
Uodu CoIumo ($)--Include the incumd cut of d&ted work drmdy porformod, wtually computed if pouible, or 

rtimabd la t& contractor’s accounting ruordr. Attach l detailed inventory of work, m&erids, putq componoat~, 
aad hamhue already purchmod, mwwfutud, or pdormod and doletod by the ch8ngo, indie8tiag the co+ 8ad 
p~-lI;;~uh lbw ikm. Aloo, if of&or do&u to rot8in thm itenu or MY portioa of them, indhte the 

Under Column (4):-Enter thr net cd to k d&ted which ir the rtim8ted cost of 8lI doletod work lar the co& of 
&ldod work &88dy p8rfoml8d. coiumn (2) lrr column (3) = columa (4). 

Under Coiuma (6)--Enter the oUuw’~ rtimak for cod of work ddod by the chmge. Whaa noarecurriag co& 
uo ai@ilcrat, or whoa rpcUlc&y requatd to do w) by the contracting of&or, provide 8 full idoatiiiution =d 
rxphadioa of thorn.. Whoa sny of thr co&# la thb column h8vo &edy boon iacurrai, d-rib them on an 8ttachod 
mupporung8ehdub. 

Undo? Cohuaa (8)--Eater the net coot of change which ir the eat of work addad, lu the net cod to b d&t&. 
When thb rrulk b wgativo, place the amount in puanthwar. Column (4) Ieu Column (5) = Column (6). 

Undu Colwnn (I)--1doatify the 8ttuhmeat in which the infornution m~pporting the sprciac cost bowat Mary 
k found. Altub rp&sto pqa u ncuuy. 

C. Prim R4vi8ioa/RAmia~ion. 

NUMBEROF NUMBER OF 
CUTO?? UNXTS TO BE CONTRACT 

DATt COiiEzkED COMPLETED AMOUNT 

(1) (1) (3) (4) 

INCURRED INCURRED INCURRED TOTAL ESTIMATED 
COST COBT- COST- COST- INCURRED COST TO ESTIMATED REFERENCE 

ELZMRNTS PRRPRO- COMPLETED WORK IN COST COMPLETE TOTAL COST 
DUCTION UNIT3 PROQ RESS 

(7) (8) (9) (10) (11) (121 (13) 04) 

REDETERMINA- 
TION PROPOSAL 

AMOUNT 
DIFFERENCE 

(a) (6) 

-s- 



Under Column (l)--Enter the cutoff date required by the contract if l pplicr,.~. 
Under Column (a)--Enter the number of unite completed during the period for which experienced co& of 

productIon are bolng rubmltted. 
Uaduc4Jmn 3 
Under Column 4 --Enter the cumulative contract amount. 

Under cdvmn 1’ 

--Enter the number of unitr remaining to be completed under the contrect. 

Under Column 6 --Entot the offemr’r redoterminetion propooel amount. 
O)--Enter the dlflerence botrnn the contract amount and the redetermination propoeal amount. 

Whoa tltb wult b no~ivr, place thr amount In parenthods. Column (4) lur Column (6) = Column (0). 
Uadu Cduam (Q--Enter appropriate coot rlamentr. When r&dual inventory exiata, thr final coota ut*bIIahed 

under !Ixod-prko-launtlrr and IIxad-prlu-rodotermineble ursngrmntr rhould be not of the falr mukot value of 
ruch Invuttety. In rupport of rubcontract cork, rubmit a liiting of dI r&contra& rubject to repricing action, 
annotated u to their rtatur. 

Undu Colunan (8)--Enter all cata incurred under the contract before rtuting production end other nonrecurring 
coata (uau&IIy refuru3 to u atutup coda) from offeror% boolu and recorda u of the cutoff date. These includr au& 
co& Y prrproductloa l n&oulng, rpecial plant reerrengement, training progrun, and any identifiable nonrecurriag 
co& ruch u ldtld rework, rpollyo, pilot run*, etc. In the l vmt the amounta are not ugregsted in or otherwbe 
evalIable M odluor’a ruorda, eater in tht column ofleror’r beat rtimates. Explain the buir for each estimate and 
how the eor)r ua charged on ofhror’a accounting recordr (e.g., included in production coeta u direct engineering labor, 
charged to umnufkturln~ ovrrhod, ok.). Alao rhow how the cuts would be allocated to the unitr at their vuloue 
atyrr of coatrsct completion. 

U&u Columru (G) urd (IO)--Enter in Column (0) the production co&r from offeror’a booka and recorda 

I 

exclueIve d preproductlon caote reported In Column (8)) of the unitr completed Y of the cutoR date. Enter in Column 
10) t&u coata ol work in proceea u dotennined from olleror’r recordr or lnventorlu at the cutoff dste. When the 

unounk for work la procua are not svailablo in contractor’r recordr but nliablo estimatea for them can be made, enter 
tha wtlmatod amounta in Column (10) and l ntu in Column (0) the difforencee betweeri the total incurred coats 
(uclualvr of praproduetloa cc&a) u of the cutoff date and theee estimates. Explain the but for the eatimatu, 
Including IduttUlcAon of any provblon for experienced or enticipated allow~crr, ruch M rhrbkqe, rework, deei- 
ehuyr, ek. RarnIab experlonced unit or lot coata (or labor hours) from inception of contract to the cutoff data, 
Improvanent curva, md any other l valIablo production cat hietory pertaining to the item(r) to which offeror’s 
propod NIBtr. 

Undrr Column (ll)--Entor total incurred co& (Total of Column (a), (Q), and (10)). 
Under Column (13)-- Enter those nuwruy and nwnable coeta that in contrutor’r judgcnent will properly be 

incurred in complrtlon the remaining work to be performed under the contract with respect to the item(r) to which 
contractor’r propod ralatw. -I 

Undo? Coluam lS)--Enter total eetimated cat (Total of Column (11) and (12)). 
Undu Column ‘t 14)--1dontlfy the attachment in which the information rupporting the rpecirrc tort element -Y 

be found. Attach wpusta pagea N neceuuy. 

-I- 
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I ATTACHMENT 3 i 

REQUIREMENT FOR CERTIFICATE OF PROCUREMENT INTEGRITY 
li3 

(FAR 52.203-8) (N~V 1990) ALTERNATE I (SEP 1990) 

(a) Definitions. 
provision. 

The definitions at FAR 3.104-4 are hereby incorporated in this 

(b) Certifications. As required in paragraph (c) of this provision, the officer or 
employee responsible for this offer shall execute the following certification: 

CERTIFICATE OF PROCUREMENT INTEGRITY 

‘(1) I, 
[Name of certifier] 

am the officer or employee responsible for the preparation of this offer and hereby 
certify that, to the best of my knowledge and belief, with the exception of any 
information described in this certificate, I have no information concerning a violation 
or possible violation of subsections 27(a), (b), (d), or (f) of the Office of Federal 
Procurement Policy Act, as amended* (41 U.S.C. 423), (hereinafter referred to as "the 
Act"), as implemented in the FAR, occurring during the conduct of this procurement 

. 
(solicitation number) 

(2) As required by subsection 27(e)(l)(B) of the Act, I further certify that, 
to the best of my knowledge and belief, each officer, employee, agent, representative, 
and consultant of - 

[Name of offeror] 
who has participated personally and substantially in the preparation or submission of 
this offer has certified that he or she is familiar with, and will comply iuith, the 
requirements of subsection 27(a) of the Act, as implemented in the FAR, and will 
imnediately to me an information concerning a violation or possible violation of 

report 

subsection 27(a), (bf, (d), 
this procurement. 

or (f) of the Act, as implemented in the FAR, pertaining to 

(3) Violations or possible violations: (Continue on plain bond pa er if 
necessary and label Certificate of Procurement Integrity (Continuation Sheet 
NONE IF NONE EXIST) 

P , ENTER 

(4) I agree that, if awarded a contract under this solicitation, the 
certifications required by subsection 27(e)(l)(B) of the Act shall be maintained in 
accordance with paragraph (f) of this provision. 

[Signature of the officer or employee responsible for the offer and date] 

[Typed name of the officer or employee responsible for the offer] 

*Subsections 27(a), (b), and (d) are effective on December 1, 1990. 
Subsection 27(f) is effective on June 1, 1991. 

THIS CERTIFICATION CONCERNS A MATTER WITHIN THE JURISDICTION OF AN AGENCY OF THE UNITED 
STATES AND THE MAKING OF A FALSE, FICTITIOUS, OR FRAUDULENT CERTIFICATION MAY RENDER THE 
MAKER SUBJECT TO PROSECUTION UNDER TITLE 18, UNITED STATES CODE, SECTION 1001. 

(End of certification) 

Continued on reverse 
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(c) For procurements, including contract modifications, in excess of $100,000 made 
using procedures other than sealed biddin the signed certifications shall be submitted 
b 
ifi 

the successful Offeror to the Contract hg Officer within the time period specified by s 
t e Contractin 
subpara raphs 

Officer when requesting the certificates except as provided in 

be 3 
4 c)(l) through (c)(5) of this clause. In no event shall the certificate 

subm tted subsequent to award of a contract or execution of a contract modification: 
(1) For letter contracts, other unpriced contracts, or unpriced contract 

modifications, whether or not the unpriced contract or modification contains a maximom 
or not to exceed price, the signed certifications shall be submitted prior to the award 
of the letter contract, unpriced contract, or unpriced contract modification, and prior 
to the definitization of the letter contract or the establishment of the price of ,the 
unpriced contract or unpriced contract modification. The second certification shall 
apply only to the period between award of the letter contract and execution of the 
document definitizing the letter contract, or award of the unpriced contract or unpriced 
contract modification and execution of the document establishing the definitive price of 
such unpriced contract or unpriced contract modification. 

(2) For basic ordering agreements, prior to the execution of a priced order; 
prior to the execution of an unpriced order, whether or not the unpriced order contains 
a maximum or not to exceed price; and, prior to establishing the price of an unpriced 
order. The second certificate to be submitted for unpriced orders shall apply only to 
the period between award of the unpriced order and execution of the document 
establishin the definitive price for such order. 

(33 A certificate is not required for indefinite delivery contracts (see 
Subpart 16.5) unless the total estimated value of all orders eventually to be placed - 
under the contract is expected to exceed $100,000. 

(4) For contracts and contract modifications which include options, a 
certificate is required when the aggregate value of the contract or contract 
modification and all options (see 3.104-4(e)) exceeds $100,000. 

(5) For purposes of contracts entered into under section 8(a) of the SBA, the 
business entity with whom the SBA contracts, and not the SBA, shall be required to 
comply with the certification requirements of subsection 27(e). The SBA shall obtain 
the signed certificate from the business entity and forward the certificate to the 
Contracting Officer prior to the award of a contract to the SBA. 

(6) Failure of an Offeror to submit the signed certificate within the time 
prescribed by the Contractin 

4 
Officer shall cause the offer to be rejected. 

(d) Pursuant to FAR 3.104-g d), the Offeror may be requested to execute additional 
certifications at the request of the Government. Failure of an Offeror to submit the 
additional certifications shall cause its offer to be rejected. 
(e) A certification containing a disclosure of a violation or possible violation will 
not necessarily result in the withholding of award under this solicitation. However, 
the Government, after evaluation of the disclosure, may cancel this procurement or take 
any other appropriate actions in the interests of the Government, such as 
disqualification of the Offeror, 
(f) In making the certification in paragraph (2) of the certificate, the officer or 
employee of the competing contractor responsible for the offer may rely upon a onetime 
certification from each individual required to submit a certification to the competing 
Contractor, supplemented by periodic training. These certifications shall be obtained 
at the earliest possible date after an individual required to certify begins employment 
or association with the contractor. If a contractor decides to rely on a certification 
executed prior to suspension of Section 27 (i.e., prior to December 1, 1989), the 
contractor shall ensure that an individual who has so certified is notified that Section 
27 is reinstated. These certifications shall be maintained by the Contractor for 6 
years from the date a certifyin 

4 
employee's employment with the company ends or, for an 

agent, representative, or consu tant, 6 years from the date such individual ceases to 
act on behalf of the Contractor. 
(9) The certifications in paragraphs (b) and (d) of this provision are a material 
representation of fact upon which reliance will be placed in awarding a contract. 



ATTACHMENT 4 

COST PROPOSAL FORMS 



A7TACHMENT 4 

REPRESENTATIVE COST FORMS 

The following cost forms must be submitted with proposals, on diskette and on paper. (See also 
Attachment 2, Standard Form 1411.) 

First Year of Initial Contract Period 
Second Year of Initial Contract Period 
Third Year of Initial Contract Period . 
Fourth Year of lnitfal Contract Period 
Fifth Year of Initial Contract Period 

- Total Initial Contract Period (Five Years) 
Options to Extend 1 - 6 (One MO. Each) 
Options to Increase Direct Labor 
Total, Ph.-In, Init. Con&. and All Opts. 

Forms Period 
A-l, B-l 3/l/94 - 2J28J95 
A-2, B-2 3/l/95 - 2J29J96 
A-3, B-3 3JlJ96 - 2J28J97 
A-4, B-4 3Jl J97 - 2J28J98 
A-5, B-5 3Jl J98 -. 2J20J99 
A-6 3JlJ94 - 2J28J99 
A-?, B-6 3/l/99 - 8/31/99 
C 3Jl J94 - 2J28J99 
A-0 3Jl J94 - 8J31 J99 

, 

Since all the A series forms are similar and all the B series forms are similar, only A-l, B-l, and C 
are included in this attachment. See section L.35.E for information on obtaining diskettes 
containing the full set of forms, and instructions for completing the forms. 
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Form No. A-l 

COST PROPOSAL SUMMARY 
Solldtatlon 1-89-5681.1014 
Proposer: 
lnltlal Contract, March l,lQQ4 through February 28,lQQQ 
ThlsformCoversFlrstYear------* From: Mar l,lQQ4 

DIRECT LABOR COSTS: 
Straight Time ..,,......,,,.,...,o...................... 
OverUme Excluding Premium, lf any ,.............,............ 
Overtime Premium, If any .,..,...............,............. 
Subcontract Dlrsct Level of Effort Labor. . . . . . . . . . . . . . . . . . . . . . 
TOTAL DIRECT LABOR COST .,,.I...,......,............ 

Hours 

-_ .---- 

----- 

Through: Feb. 28,1995 

FRINGES AND PAYROLL TAXES: 
FICA .................................................................. 
FUI ................................................................... 
SUI ................................................................... 
Worker’s Compensation ................................................... 
General Liability insurancs ................................................. 
h&&al/Dental Insurance .................................................. - 
Llfe/Dlsabillty insurance ................................................... 
Paid Absents ........................................................... 7 
Other Fringe (Spedfy) .................................................... 
Other Fringe (Specify) .................................................... 
All Others Fringes (Itemize separately) ........................................ 
TOTAL FRINGES AND PAYROLL TAXES .................................... 

OTHER: 
Costs Other than Labor, and Profit, for Direct Labor Subcontracts. .............. 
Subcontracts Other than Dlrsct Labor ........................................ 
Material, Equlpment, Equipment Rental, and Emergency Repair Services. ........ 
Nondest~ctlve Examlnatbn and Ash&s Removal ........................... 
BulldIngs and Related Costs ............................................... 
Capital Equipment Costskasad Equlpment Costs ............ 
Allocated Labor Other than G & A ........................................... 
CttyCounty Business Llcsnsa Tax ........................................... 
Costs not shown Ebswhsre (Provide Separate D&ail) ........................... 
TOTAL OTHER ......................................................... 

costs 

- 
- 
--- _- 
---.- 
-- 

-.-~--- 

847,000 
4oaooo 

--.- 

G&A .................................................................. 
FACILITIES CAPITAL COST OF MONEY ...................................... 
TOTAL COST ............................................................. 
AWARD FEE. ........................................................... 
COST PLUS AWARD FEE ................................................. 
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Form No. B-l 

DIRECT LABOR COST SUMMARY 
Solicitation l-39-5681.1 014 
Proposer: 
initial Contract, March 1,1994 through February 2B,l999 
ThisformCoversYear------- From: Mar 1 1994 .-AL.- .~ 

No. 
RFP Position Titles Pos. Hours 

Contract Manager 1 
Recertification Manager 1 
Configuration Management Manager 1 
Lead Structural and Pressure Systems Manager 1 
Lead Systems Safety En@neer 1 
Senior Structural Engineer 
Lead Systems Safety Anaiyst i 
Project Configuration Management Analyst 1 
Senior Systems Safety Coordinator 1 
Process Control Engineer 1 
Structural Engineer 2 
Systems Safety Engineer 5 
NDE Group Leader 1 
CAD Group Leader 1 
Systems Safety Analyst 6 
NDE Technidan iii 1 
Senior Designer 2 
Staff Assistant 1 
Administrative Assistant 
Designer : 
Technician II 3 
NDE Teohnioian I 1 
Teohnidan I 4 
Drafter I 4 
word Processors 2 
Data Entry ii 1 
Librarian 1 
Library Clerk 1 

To: Feb. 281995 

Rates costs 

Total Straight-Time Direct Labor 

Overtime (Exduding Premium), if any 
Overtime Premium, if any 

Total Direct Labor 

51 

include above any level of effort labor to be provided by subcontract. and show details on 
an attachment 
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ATTACHMENT 5 

STAFFING AND POSITION QUALIFICATIONS 



I 

STAFFING AND POSITION 
QUALIFICATIONS 

YEAR 2 THROUGH YEAR 5 

*Contract Manager 
*Recertification Manager 
*Configuration Management Manager 
Lead Struct. & Press. Systems Eng. 
Lead Systems Safety Engineer 
Senior Structural Engineer 
Lead Sys. Safety Analyst 
Project Config. Mgmt. Analyst 
Senior Sys. Safety Coordinator 
**Process Control Engineer 
S&tural Engineer 
System Safety Engineer 
NDE Group Leader 
CAD Group Leader 
System Safety Analyst 
NDE Technician III 
Senior Designer 
Staff Assistant 
Administrative Assistant 
Designer 
Technician II 
NDE Technician I 
Technician I 
Drafter 1 
Word Processors 
Data Entry II 
**Facility CM Program Librarian 
**Clerk 

Man-Years 

: 

; 
2 
5 

: 
6 - 
1 
2 
1 

TOTAL -4 
*These positions represent Key Personnel 
**These positions will pcrfo rm their duties on-site at LaRC. 



I *. 

Duties: 

This position directs the overall technical and administrative aspects of the Recertification and 
Configuration Managements Programs. Monitors contract compliance, customer interface, cost 
control, personnel administration, security, safety, financial management, and labor relations. 
Schedules work and controls manpower to meet contract milestones. Coordinates technical and 
contractual operations with all levels of NASA Langley Research Center (LaRC) management. 
Monitors contract performance through a management data system and scheduled progress 
reviews. 

Should have a minimum of a masters degree in civil, materials, or mechanical engineering or in 
engineering mechanics. Should have a minimum of 10 years of experience in managing projects 
involving mechanical design; analysis of pressure vessels, structural systems, piping systems, 
weldments, and related equipment; safety engineering; and configuration management. Should 
have a minimum of 15 years experience in working with the ASME/AN_SI Boiler and Pressure 
Vessel Codes and Pressure Piping Codes, the American Institute of Steel Construction Codes 
and/or the American Welding Society Codes. Shall have a Professional Engineer Registration. 

Duties: 
This position directs and coordinates the technical aspects of the Inservice Inspection (RECERT) 
Program for LaRc’s structural and pressure systems. Follows the procedures set fonh in NHB 
1700.6, “Guide for Insetvice Inspection of Ground-Based Pressure Vessels and Systems”, and 
NFM-lC, “Guide for the Certification/Recertification of Wind Tunnel Structural Systems”, in 
evaluating systems. Directs the nondestructive examination of structural and pressure systems. 
Develops options for dealing with components which do not comply with the national consensus 
codes. Directs development of repair specifications. Develops future inspection plans. 
Supervises engineers, technicians, and designers. Assists the Contract Manager in preparing 
inservice inspection schedules. Provides interface and coordinates work requirements with 
LaRc’s Contracting Officer Technical Representative, Facility Coordinators, Facility Safety 
Heads, Subcontractors and Consultants. 

Should have a minimum of a bachelors degree in civil, materials or mechanical engineering or in 
engineering mechanics. Should have a minimum of 6 years experience in managing personnel 
performing mechanical design and analysis of pressure vessels, structural systems, piping 
systems, srmctural weldments, and related equipment. Should have a minimum of 10 years 
experience in working with the American Society of Mechanical Engineers Boiler and Pressure 

Vessel Codes and Pressure Piping Codes, the American Institute of Steel Construction Codes 
and/or the American Welding Society Codes. Shall have a Professional Engineer Registration. 



Duties: 

This position directs and coordinates the technical aspects of the Configuration Management 
Program for LaRc’s ground base research facilities. Follows the policies set forth in the NASA 
Langley Research Center Handbook entitled, LHB 1740.4, “Facility Systems Safety Analysis 
and Configuration Management”, in performing configuration management. Directs Pressure 
Systems, Flight Systems and Asbestos Systems Configuration Management Programs. Provides 
interface and coordinates work requirements with LaRC’s COTR, Safety Manager, Facility 
Safety Heads, Facility Coordinators, and Project Engineers to ensure an effective, efficient, and 
meaningful Configuration Management program. 

Should have a minimum of a bachelors degree in electrical, civil, materials or mechanical 
engineering or in engineering mechanics. Should have a minimum of six years experience in 
managing personnel performing electrical, mechanical, and safety engineering. Should have a 
minimum of ten years experience in system safety engineering, configuration management or 
other safety related areas. 

. . . Prmer One Pw . 

Duties: 
This position applies sophisticated engineering principles to analyze large, complex structural 
and pressure systems. Demonstrates a high degree of originality and insight in performing 
complicated stress, fatigue and thermal analyses for research facilities. Is lead engineer for 
subordinate level engineers performing less complex analyses. Provides scheduling and job 
status to Recertification Manager. 

Should have a bachelors degree in civil, materials or mechanical engineering or in engineering 
mechanics. Should have a minimum of ten years experience in analyzing pressure and sauctural 
systems in accordance with the American Society of Mechanical Engineers Boiler and Pressure 
Vessel Codes, and Piping Codes, the American Institute of Steel Construction Codes and/or the 
American Welding Society Codes. Should have a minimum of five years experience as a lead 
engineer. 
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. . . ePm 

Duties: 
This position directs the performance of Safety and Hazard Control Analyses and of Risk 
Assessments. Ensures that facility modifications and new designs are evaluated for all applicable 
safety rquirements. Directs the selection of systems and components for Facility Critical Items 
Lists. Directs safety engineering support for Construction-of-Facilities Projects. Leads the 
upgrading and updating of Safety Analysis Reports, Operating Procedures, and affected 
drawings. 

Shall have a bachelors degree in electrical, civil, or mechanical engineering, or in engineering 
mechanics, and a minimum of two years experience working as a Lead Engineer. Shall have a 
minimum of ten years experience in system safety engineering, configuration management or 
other safety related areas. 

. . . 
t-r OnePo&Qn . 

Duties: 

This position applies sophisticated finite- element and continuum analysis procedures to the 
evaluation of complex wind tunnel structures. Establishes the structural areas to be 
nondestructively examined and defines the techniques to be used in the examinations. Evaluates 
the suitability of the wind tunnel materials for service loadings, temperatures and environments. 
Directs subordinate level engineers in performing less sophisticated analyses. Provides 
scheduling and job status to the Recertification Manager. 

Shall have a bachelors degree in civil, materials, or mechanical engineering or in engineering 
mechanics. Shall have a minimum of two years experience directing engineers. Shall have a 
minimum of five yevs experience in analyzing structural components in accordance with the 
American Institute of Steel Construction Code and the American Welding Society Code. 
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Duties: 

Two positions direct the performance of Safety and Hazard Control Analyses. Ensure that 
facility modifications and new designs are evaluated for all applicable safety requirements. Lead 
the updating of all Safety Analysis Reports, Operating Procedures and affected drawings. Guide 
the configuration management program for laboratory-type facilities and asbestos-containing 
facilities. Direct system safety support for Construction-of-Facilities Projects. Manage the 
Problem Failure Report Program. 

One position administers the PSCM Program. Verifies all modifications to pressure systems and 
revises all pressure systems documentation to reflect these modifications. Leads field 
verifications of existing and new pressure systems. Reformats existing pressure systems 
documentation to match the format currently being used. 

Should have a bachelors degree in engineering or related field, and a minimum of two years 
experience working as a Lead Analyst. Should have a minimum of ten ,years experience in 
system safety engineering, configuration management or other safety related areas. 

. Co-on . . 1 m 

Duties: 

This position maintains a configuration management program for flight projects at Langley 
Research Center (LaRC). Reviews change packages for completeness, distributes completed 
packages to the Configuration Control Board for review. Convenes LaRCs Configuration 
Control Board meetings and serves as meetings secretary. Prepares finalized change packages. 
Performs configuration management audits. Suppons in flight project design reviews. 

Should have a bachelors degree in engineering or related field and a minimum of ten years in 
system safety engineering, configuration management or other safety related areas. 



. . . v Cloorwor One . 

Duties: 

This position coordinates Construction-of-Facilities Design Reviews for Langley Research 
Cent&s (LaRCs) Facilities Engineering Division. Schedules design reviews and (in conjunction 
with LaRC management) establishes review committees. Attends design reviews, drafts review 
minutes and compiles action items. Distributes meeting minutes. Distributes and tracks action 
items. 

Should have a bachelors degree in engineering or related field, and a minimum of five years 
ex 
sar 

rience working as a Senior System Safety Engineer and ten years experience in system 
ety engineering, configuration management or other safety related areas. 

Duties: 

This position develops test procedures by gathering pertinent data and parametric information 
necessary to complete test runs. Reviews, approves, and distributes changes to test procedures, 
acts as test recorder, and prepares minutes of test runs. Develops operational procedures. 
Develops and modifies Programmable Logic Controller (PLC) codes. 

Should have a bachelors degree in electrical or mechanical engineering or in computer science, 
and a minimum of five years experience in designing and starting process systems. Should have 
a working knowledge of analog control systems and interlock schemes. Should have PLC 
experience. 
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Duties: 

This position applies engineering principles and standard solutions to moderately difficult 
analysis problems. Uses computer solutions and recognized engineering codes to analyze 
sm,~ctural and pressure systems. Performs stress analyses in areas where parameters are well 
established and fairly conventional methods can be used. Interprets results of own work and 
prepares reports which are reviewed for inclusion into larger project reports. 

Should have a bachelors degree in civil, materials or mechanical engineering or engineering 
mechanics. Should have a minimum of five years experience in design and analysis of structural 
and pressure systems. Shall have a minimum of two years experience in completing flexibility 
analyses, finite element analyses, and American Society of Mechanical Engineers, American 
Institute of Steel Construction and/or American Welding Society code analyses. 

Duties: 
This position performs Safety and Hazard Control Analyses and Risk Assessment 
Categorization. Evaluates facility modifications and new designs to ensure that they satisfy all 
safety requirements. Selects components and systems for Facility Critical Items List. Provides 
safety engineering support for Construction-of-Facilities Projects. Upgrades and updates Safety 
Analysis Reports, Operating Procedures, and drawings impacted by modifications. 

Should have a bachelors degree in electrical, civil, or mechanical engineering, or in engineering 
mechanics or in a related technical field. Should have a minimum of two years experience in 
system safety engineering, configuration management or other safety related areas. 



I . 

. . NDE) Grwder Qne m 

Duties: 
This position coordinates and documents the inspections performed during structural and 
pressure systems recertification. Monitors visual, magnetic particle, ultrasonic, radiographic and 
other nondestructive examinations. Prepares and maintains databases used to document weld 
and inspection status. Reviews weld maps and drawings. Prepares weld profiles. Schedules 
support services necessary to complete system inspection and repairs. Trains inspectors in 
accordance with the requirements of the American Society of Nondestructive Testing (ASNT). 

Should have an associates degree in engineering technology or equivalent. Should. have two 
years experience working as a group leader. Should have a minimum of ten years experience in 
inspection of pressure systems and structural weldments. Should be a certified ASNT Level III 
inspector in one or more disciplines. Should be an American Welding Society Certified Welding 
Inspector. - 

. . 1 Grouder On- . 

Duties: 

Completes analyses, prepares conceptual layouts and eliminates interference in final installations 
for complex piping systems, pressure vessels, pressure components, and structural systems. 
Manages computer systems, workstations and networks for computer-aided-design and drafting. 

Should have an associates degree in mechanical engineering or equivalent. Should have two 
years experience working as a group leader. Should have a minimum of ten years experience in 
design, layout and detail drawing of structural and pressure systems. Should be proficient in the 
use of personal computers, workstations, digital scanners, optical and tape storage devices and 
software such as AUTOCAD, ANVIL, DOS and UNIX. Should have a minimum of five years 
experience in computer system operation. 



Duties: 
This position performs Safety and Hazard Control Analyses. Evaluates facility modifications 
and new designs to ensure that they satisfy all safety requirements. Updates all Safety Analysis 
Reports, Operating Procedures and drawings impacted by modifications. Accomplishes 
configuration management for laboratory-type facilities and asbestos-containing facilities. 
Provides systems safety support for Construction-of-Facilities Projects. Executes the Problem 
Failure Report Program. 

This position also reviews all Pressure Systems Configuration Management (PSCM) documents 
for technical and format accuracy before final incorporation. Interfaces with Langley Research 
Center facility personnel pertaining to the incorporation and maintenance of pressure systems 
configuration management. Provides technical assistance relating to PSCM. 

Should have a bachelors degree, and a minimum of ten years experience in system safety 
engineering, configuration management or other safety related areas. - 

. Job T~W&l!L . . . . . 
w ITT - Nond~t’ve Exam’n3t ion (NDEJ One m 

Duties: 
This position monitors, documents, interprets and verifies NDE activities such as radiographic, 
ultrasonic, magnetic particle, liquid penetrant and visual inspection of structural and pressure 
systems. Writes, develops and maintains documents such as specifications, inspection and repair 
procedures, training material, project schedules and safety procedures. 

Should have a high school diploma or equivalent. Should be a American Society of 
Nondestructive Testing Level II inspector in one or more disciplines. Should be an American 
Welding Society Certified Welding Inspector. 
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Completes analyses, preparts conceptual layouts and final drawings, eliminates interferences, 
sizes and identifies components. 

Should have an associates degree in mechanical engineering or related discipline. Should have a 
minimum of two years experience directing design personnel. Should have experience in 
computer-aided design. Should have a minimum of ten years experience in design, layout and 
detail drawings of mechanical equipment and pressure systems. 

Duties: - 

This position assists the Contract Manager in preparing project correspondence and contract 
reports and in maintaining contract financial records. Maintains all personnel- and project- 
related records. Supervises initial typing, revision, and completion of all documentation, 
correspondence and reports. Interfaces with Langley Research Center personnel, vendors, and 
corporate personnel. 

Should have a high school diploma or equivalent. Should have a minimum of five years 
experience as Executive Secretary or Administrative Assistant. 



Duties: 
Assists System Safety Analysts in supporting Langley Research Center’s Confciguration 
Management (CM) Program. Formats and proofreads Safety Analysis Reports, Standard 
Operating Procedures, and Checklists. Sets up and maintains a computerized management 
database for documents and drawings; generates and distributes reports and letters, flow charts, 
and block diagrams. 

Should have a high school diploma or equivalent. Should have a minimum of five years 
experience in data entry utilizing database management, spreadsheet, and word processing 
software. 

Duties: 

Prepares detailed drawings of pressure and structural systems, sizes components using design 
codes, and assists in making interference checks for final installation. 7 

Should have a high school diploma or equivalent and should have a minimum of two years of 
technical school training, or equivalent. Should have a minimum of five years experience in 
design, layout and detail drawing of mechanical equipment and piping systems. Should have a 
minimum of two years experience in computer-aided design procedures. 



Duties: 

Two positions examine pressure systems and wind tunnel sauctural systems for the generation of 
recertification and configuration management documentation. Acquire necessary information on 
systems to accurately determine the suitability of components. Develop original field sketches of 
existing systems. Perform ultrasonic thickness tests, communicate with manufacturers, search 
catalogs and drawing files, and prepare a work package report on component status. Review 
documentation prepared by other technicians. 

One position prepares databases using NDE inspection reports, and verifies consistency between 
drawings, specifications, inspection reports and radiographic film. Monitors NDE activities such 
as radiographic, ultrasonic, magnetic particle, liquid penetrant and visual inspection of welds and 
system components. 

Should have a high school diploma or equivalent, and have a minimum of five years experience 
in inspecting structural and pressure systems. Should be a cenified ASNT Level II Inspector for 
visual examination. 

. . Job Tltlc 
. . ve E-DE) . . ODP Pasltrcro N 

Duties: 

This position documents NDE results. Maintains database records of inspections performed and 
catalogs inspection reports. Operates personal computers for managing large database systems. 
Reviews weld location drawings and compares with inspection data. 

Should have a high school diploma or equivalent. Should have a minimum of five years of 
experience in reviewing inspection documentation and managing weld data Should have a 
minimum of one year of experience in use of large database systems. Should be a certified 
ASNT Level II Inspector in at least one discipline. 
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Duties: 

This position examines wind tunnel structural systems and pressure systems for the generation of 
recertification and configuration management documentation. Acquires necessary information 
on standard systems to accurately determine suitability of system components. Performs 
ultrasonic thickness tests, communicates with manufacturers, searches catalogs and drawings 
files, and prepares reports defining component status. 

Should have a high school diploma or equivalent, and have a minimum of two years experience 
in the area of pressure and structural systems. Should have two years experience in reading 
blueprints. 

. . Job WWL& 

Duties: 

This position prepares drawings and sketches of structural c\nd pressure systems and-documents 
their recertification status. Develops weld location drawings for use in nondestructive 
examination. Updates existing drawings after repairs or altentions to systems are complete. 

Should have a high school diploma or equivalent. and have 3 minimum of five years experience 
in preparing mechanical drawings and sketches. Should have a minimum of two years 
expenence in computer-aided dmfting procedures. 
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Duties: 

This position prepares (using word processing equipment) correspondence and reports. Manages 
word processing files and the Configuration Management documents. 

Should have a high school diploma or equivalent, and have a minimum of one year of word 
processing experience. Should have typing skills of 60 wpm and grammar skills. 

Duties: 
This position processes database information such as inspection repons, equipment and 
component lists, and records of engineering communications. Assists technicians with data 
collection, field verification, drawing take-offs, maintenance of procedure manuals and 
processing of drawings and manufacturer’s catalogs. 

Should have a high school diploma or equivalent. Should have a minimum of five years of 
experience in data entry utilizing database management software such as Rbase 5000. Should 
have typing skills of 50 wpm and grammar skills. 



. . M Prm . . w One PQsLtrpIl 

Duties: 

This position develops procedures for controlling, identifying, and updating Supporting Facility 
Documents and other related documents at the 8’ High Temperature Tunnel (8’ I-ITT). Once 
procedures are in place, controls, identifies, updates and distributes the aforementioned 
documents. Operates the facility library at the 8’ HTT. Files all Supporting Facility Documents 
in Engineering Drawing Files. Issues copies of all procedures for test runs. Maintains inventory 
of all library documents. 

Should have a high school diploma or equivalent. Should be experienced in data entry and use 
of personal computers. Should have good typing, spelling and grammar skills. Should have 
good interpersonal skills. 

Duties: 
This position supports the Librarian by filing documentation, entering data in computer databases 
and storing documentation at Engineering Drawing Files. Prepares drawing cards when bringing 
new Configuration Controlled Drawings and Supporting Facility Documents into the 
Configuration Management Program. Assists the System Safety Analysts assigned to the 8’ High 
Temperatum Tunnel’s Configuration Management effort. 

Should have a high school diploma or equivalent. Should be experienced in data entry and use 
of personal computers. 
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ATTACHMENT 6 

INDEX OF REFERENCE DOCUMENTATION CONTAINED IN BIDDER'S LIBRARY 
(1 NORTH DRYDEN STREET, BLDG. 1209, ROOM 187A) 

Acquisition Regulations 

NHB 5103.6 

NH8 9501.2 

Safety Regulations 

LHB 1710.10 

LHB 1710.5 

LHB 1710.12 

LHB 1740.2 

Other Reference Documents 

LMI 5300.1 

LaRC Stores Stock Catalog 

Safety Analysis Report (Typical) 

Standard Operating Procedures (Typical) 

Laboratory Risk Evaluation (Typical) 

Source Evaluation Board Handbook 
(Includes Streamlined Acquisition 
Handbook) 

Procedures for Contractor Reporting 
of Correlated Costs.and Cost 
Performance Data (533M's and 5334's) 

LaRC Red Tag System 

Ionizing Radiation 

Potentially Hazardous Materials 

Facility Safety Requirements 

Systems Safety, Quality, Reliability 
Program 

Asbestos Configuration Management Report (Typical) 

Problem/Failure Report Summary (Typical) 

FENGD Design Reviews Action Item Status and Summary (Typical) 
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CONTRACTOR-FURNISHED VEHICLE REQUIREMENTS 
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GEOGRAPHICAL LIMITATION/l0 MILE RADIUS MAP 





LHB 1710.40 

PREFACE 

This handbook, part of the Langley Safety Manual, sets forth minimum safety 
requirements and standards for pressuwed systems within the framework of 
Langley Research Center safety policies and constraints. It provrdes professional 
designers and craftsmen a basis for safety and uniformity In the design, fabrication, 
and use of pressure vessels, pipmg, and associated pressure system equipment. 

:. 

H. Lee Beach, Jr. 
Deputy Director 

DISTRIBUTION: 
SOL-039, SOL-043, and SOL-054 - 

LaRC Safety Manual Holders 3 
429/Risk Management Branch, SSQRD (50 copies) 
436/Facilities Engineering Division 
123/Directives & Forms Management Office, ISB - MSD (10 copies) 
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Chapter I 

SCOPE 

Thlr handbook contains crrterra for desrgn, fabncatron, InspectIon, oDeratIon, and 
maintenance of pressure systems of the Langley Research Center (LaRC), that ,s, 
hydraulic, pneumatic, propulrton, and So fonh, Including new or exlstlng, 
temporary or permanent pressure veSSelS, prpcng and asroctated equipment, and 
vacuum systems Pressure verrelS4ystems excluded from the requirements of this 
handbook are gtven In Appendix A 

The Intended applrcatlon for this handbook IS for permanently tnstalled facility 
systems whtch typically remain a part of the facrlrty for several years or more and 
are utrlrzed to suppon more than one experimental or research project. Pressure 
vesselr/syrtems for expertmental systems of lImIted llfetlme (approxrmately 2 years 
or less) can be approved by the LaRC Systems Operations CommIttee (SOC) 
(see LMI 1700.3, .“The Executive Safety Board and Its CommIttees’) and may depend 
on protectrve barriers or enclosures and remote operatron to provide an acceptable 
degree of safety In lieu of complymg with these regulatrons. 

This handbook also apphes to pressure systems on flight vehicle simulaton and 
flight vehrcles where medium werght (NWHP-1740.4) components can be tolerated. 
When the need for mmlmum werght can be demonstrated, flight components with 
tower safety factors may be used with fracture control measures as required by 
NSS/HP- 1740.1. “NASA Aerospace Pressure Vesse) Safety Standard.’ However, at 
LaRC, mlnrmum weight systems shall be considered a deviation from thus regulatron 
and must be rubmrtted to the Pressure Systems Committee (see LMI 1700.3) for 
approval. 

I-1 
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Chapter Ii 

l Associated Pressure Systems Equipment: Any presturrred component which ls 
required for the utlllzation or operation of prerrurrred systems covered by these 
regulatlonr 

l Codes, Standards, and Guides: The reference to codes, rtandards, and gulde5, 
wlthrn the text of this handbook, rncluder nattonal consensus codes, agency. 

wide and LaRC-wide standards which are required In design, Inspectron, 
cefllflcatlon. and operation of all pressure vessels and prersurtzed ry5temr. both 
new and exlstlng at LaRC Codes, standardr, and guides referred to In this 
document are avarlable from the Fracture Mechanics Engrneermg Sectton, 
Structural Design Branch, Factlltres Englneermg OrvIsIon. 

l Contractor: Any company or organlratron who does work for or who suppller 
equipment to LaRC 

l Oesigner: Anyone authorized by the Government to perform work in 
accordance with standard englneerlng practices. coaes. and LaRC safety 
regulatlonr 

l Oevration: The design. fabrlcatron, Inspectron, or use of pressure vessels, pIping, 
and arsocrated equipment which are not In compliance wtth the codes listed in 
Chapter III, “General Policy, Codes and Standard Requirements, Supplementary 
Requirements by LaRC ” 

l Equipment Operator: Anyone authorized by the Government to operate, in 
normal use. the pressure vessels, pressure systems, ptpmg and associated 
equipment covered In these regulations Operator5 must be qualified by 
appropriate tralnmg cn the operatronal characterrstrcs and procedures of the 
equipment rystem that they operate. ’ 

0 Fabricator, Installer: Anyone authorized by the Government to perform work in 
accordance wtth 5tandard trade practices, codes, LaRC speclftcatlons. and safety 
regulatronr 

l Fluid Systems Section, Mechantcal Support and Utilities Operations Branch, 
Operations Support Olvislon (OSO): Designated LaRC organrzatton to perform 
work on pressure system5 

l Inspector: Anyone authorized by the Government and/or authorized by LaRC to 
: assure that fabricators and Installers follow the scope and intent of the design 

specrftcatrons. 

0 Pressure: 

l Design Pressure/Maximum Allowable Working Pressure: Thus pressure 
shall be used In the design of a vessel for the purpose of determrnrng the 

II. 1 



mInImum permlrslbfe thrckners.or phystcal charactertstlcs of the different 
patis of the vessel. When applicable, static head shall be Included rn the 
design pressure to determme the thtckness of any specrfic pa~ of the 
vessel The pressure relref devtces shall be set to mrtlally operate at a 
pressure not exceeding the maxlmum allowable working pressure of the 
vessel 

l Operattng Pressure: This pressure IS the operattng pressure of the vessel 
system For pressure vessels, It should be 5 to lOoh less than the maxtmum 
allowable working pressure This avotds relref device discharging at 
normal operating pressure due to the manufacturer’s tolerance on set 
pressure and allows for resettmg of a safety valve after relievmg 
overpressure. For plplng systems, the relief devrce shall be set In 
accordance with the appropriate plpmg code (ASMUANSI 831.3, 
“Petroleum Refinery Plpmg,” or ASMQANSI 83 1.1, “Power Pipmg.“) 

l Pressure Systems Committee (PSCI: The Pressure Systems Commrttee is one of 
the committees repofllng to the Executive Safety Boardas set forth in LMI 
1700.3, “The Executive Safety Board and Its CommIttees.’ This committee 
conducts reviews and provides written approval or recommends for approval to 
the Executive Safety Board devlatlons from code on pressurlted system9 
components. provides guidance and consulttng service for safety and design of 
these systems; recommends, adopts, and/or interprets requlrements of codes, 
standards, and descgn appllcatlon for pressurized systems; and mamtains an 
overvlew for developments In the field of pressure systems regarding new 

- 

codetimodlflcatrons, new technrques, and Improvements or applications thereof 

l Radiographrc Interpreter: An lndlvldual trained and qualified to the ASNT SNT- 
TC- 1A Level-II poscttoo, certified by an LaRC Individual that holds a current 
‘ASNT Level-Ill cet?tflcatlon.- 

l Recertification: A verlflcatlon of the pressure vessel/system sultabtlity for 
continued safe service based on periodic Inspectron, testmg, and analysis. 

l Standard Practice Engineer(s) (SPE): The persons designated In LMI 1700.3 to 
review and approve the descgn and specrficattons of all pressurized ground and 
flight systems, and verify compliance with applicable codes, standards, and 
supplementary requirements of these regulations Including granting of waivers 
of hydrotest for repalrr. 

l Systems Safety, Quality and Reliability Division (SSQRO): fhrs division provides 
d Point af contact between NASA Headquarters and other external organiza- 
tions regardlng safety matters per LMI 1700.2, ‘Safety Assignments,’ 
Pawtpates In formulation and Implementation of safety policy, ensures safety 
reviews of all systems, assures a testing and certlflcatron program for SPecialired 
operators, and assists the Contractmg Officer’s TechnIcal Representative in 
determmmg adequacy of ContraCtor’s safety programs. 

- 
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l Technical Project Engineer: Anyone employed by the Government an&or 
authorized by LaK 10 SuPewe and Coordinate the desrgn of pressure vesse/s, 
pressure systems, pIpIng. and dssoclated equipment 

0 Temperature: 

l Maxtmum Oeslgn Temperature: The maxmum temperature used In the 
design of a vessel for the Purpose of determInIng the mInImum permlsslble 
thlCkne$s or physlcal ChdraCterlStKS of the different parts of the vessel 

l Minimum Design Temperature: The mmlmum temperature used In the 
design of a vessel for the purpose of determlnmg the phyrrcal character,strcs 

of the different pans of the vessel 

II-3 
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Chapter III 

GENERAL POLICY, CODES AND STANDARD REQUIREMENTS, 
SUPPLEMENTARY REQUIREMENTS BY LaRC 

A. General Policy 

The general policy governing design, inspection and certification of new and in- 
service pressure vessels and systems IS set forth In NMI 1710.3B (see Appendix B). 
Design of all pressure systems shall comply to codes, standards, and AaRC 
supplementary requirements to the maximum practical extent. 

8. Codes and Standard Requirements 

1. American Society of Mechanical Engineers (ASME) Boiler and Pressure 
Vessel Codes and Piping Codes. 

2. National Board Inspection Code, “A Manual for Boiler and Pressure Vessel 
Inspectors,” published by the National Board of Boiler andPressure Vessel 
Inspectors. 

3. Amencan National Standards lnstltute (ANSI) Codes. .’ 

4. Department of Transportation, Code of federal Regulations, Title 49, Parts 
171 to 178. 

5. “NASA Aerospace Pressure Vessel Safety Standards,” NSS/HP-1740.1. 

6. “NASA Medium Weight Pressure Vessel Standards,” NSS/HP-1740.4. 

C. Supplementary Requirements by LaRC 

1. Gages used in pressure systems shall meet the requirements of Federal 
specification GG-G-76 and as amended by LaRC (see Figure Ill-l, 
“Regulations for Pressure Gages”) Gages which are crittcal to safe systems 
operations (that IS, referenced In standard procedures) are to be calibrated 
in accordance with an ertablrshed plan to ensure accurate measurement. 
All pressure gages must be mounted so that safety features will function. 
(Gages with blowout backs, for instance, must be mounted to allow 
blowout of back in the event of over-pressurization.) Gages shall be 
installed on both sides of pressure regulators to ensure proper monitoring 
of pressures. 

2. Cast iron shall not be used for any pressures above 125 psig or where it will 
be subject to vibration unless approved by the SPE. 

3. Seam-welded pipe and fittings are not to be used for a design pressure 
above 125 psig unless: (1) the seam welds are loo04 radiographed; or 
(2) the Quahty Factor as defined by the appropriate design code is utilized 
in determmmg the mmtmum required wall thickness of the pipe or fitting. 
Either alternative must be approved by the SPE. 

Ill- 1 



MAXIMUMOPERATING PClLS~lJHt 

ALCOWABCE WORKING PRLSIUHL. 

K GAGE RANGE 

SAFETY CASE CONSTRUCTION (3) (6) 

PROOF TEST PRESSURE 

1YPE OF TESr 

RETEST PERIOD EACH 5 YLARS tACl4 5 YtAH\ 

LABEL FOR TEST CERTIFICATION (7) (5) 

SERVKL AlOVE 125 PSHi 

NO LIMI I NOI IMII 

BOX MAXIMUM 

I 

hIJ”‘u MAXIMUM 

HtQUIRED NO I ItI OUIHt 0 

100% RANGt I IJO”. HANCF 

IN AD Wt IbH I lJtauwtIGlll 

HtQulRED laQllll4LO - 

IIt fzt 

TYPE c lMSlnUYtlT GACf s. 

StRvlcl F on 0 - 30 PSIG. AND 

12s PSIG *no anow VACUUM GAGES 

125 PSIG 30 PSIG 

bOS. MAXIMIJM 0. loo% 

NO I REQUIRt D NOT REQUIRCD 

100% RANGL 100% RANGE 

DEAD WEIGH I OH N, 

I 

OEAD WEIGH 1 OR N, 

Flag Notes: 

(1) Bourdon tube type, nonflight applrcatrons. 
0) Gage selection shall be in compliance with these guldelines and based on the 

most economical choice to.satrsfy the reading accuracy required. 
(3) Solid front, blow out entire back area; blowout plugs will not meet this 

requirement. 
(4) Deadweight test media to be water or 011. Oil is never to be used where gages 

are to be used with oxygen or oxidizing agents. 
(5) CertificatlotVcalibration label to include: maxlmum pressure, test date, and 

initials of personnel, and are to be made of aluminum foil with pressure sensitive 
adhesive on the back. The label IS to be 4” x )’ and a different color for each 
year. 

(6) Provide adequate free area for discharge where blowout back gages are used. 
(7) “No CertificationKalibratlon Requlred” sticker should be applied to all devices 

used in general service. 

General Notes: 

a. 
b. 

C. 

d. 
e. 

All gages for use at or above 125 PSI shall be tested to lOOoh of gage range. 
Pressure gage materials shall be selected to be corrosron resistant to pressure 
media and surrounding environment. 
Pressure snubbers should be used to protect gages where pulsatmg pressure 
exists. 
Special cases should be referred to LaRC Safety Manager for recommendations. 
Gages below 125 psi tested on request 

WARNING: 

Gage user has responslbrlity for gage cleanliness and compatibrlity with service media 
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Figure III-1 .- Regulations for Pressure Gages. 
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4. inspection and hydrostatic testing of instrument piping for serwice above 
125 psig are required to the extent necessary to assure compliance with 
engineering design, and with the material, fabrication, and install,ation. 

5. All pressure piping systems (except steam piping) shall meet requirements 
of ASME/ANSI 83 1.3, “Petroleum Refinery Piping.” 

6. Service steam piping shall meet ASME/ANSI B and PV Code, Section I and 
ASME/ANSI 831.1, “Power Piping.” 

7. Marking, Coding and Valve Numbering 

a. Marking and Tagging - Each certified pressure vessel/system shall be 
marked or tagged In accordance with NMI 1710.3. Methodsof 
identification shall not introduce notches or points of stress 
concentration that would reduce the operatlonal safety of the 
components or system. 

b. Coding - ldentlflcation of media, flows, and color code requirements 
- shall be as specified In LHB 1740.2, “Faclllty Safety Requirements” 

(contained in the LaRC Safety Manual). In addition, the valve 
numbering system shall identify media within a system as is explained 
in item 7.c.. 

c. Valve Numbering - The valve numbering system for LaRC is designed to 
aid in operation and maintenance of pressurized systems. (See 
Appendix C for details of the valve numbering system.) 

8. Code Stamping of Pressure Systems - 

NASA prescribing regulation, NMI 1710.3 (see Appendix B), requires new 
fabricatron and repairs of existing pressure vessel/systems to be in 
accordance with the applicable national consensus codes to the maximum 
practical extent. Strict compliance wcth some ASME codes requires 
stamping of the completed system. The ASME has a procedure for 
stamping of new pressure vessels and the National Board of Borler and 
Pressure Vessel Inspectors has a procedure for repairs or alterations of 
existing coded pressure vessels, but no procedures exist for stamping 
piping system repairs or alterations to uncoded pressure vessels. The 
technical project engineer shall contact the LaRC Fracture Mechanics 
Engineering Section, Structural Design Branch, Facilities Engineering 

, Division, early in the planning phase of projects which cannot be stamped 
to establish the appropriate documentation to be used. The pressure 
piping stamp (“PP”) is used for piping inside of and up to the first valve 
outside of a steam boiler Fabrication of new and repair or alteration to 
existing coded pressure vessel/systems shall require stamping after 
completion of the work in accordance with ASME or National Board 
procedure. All LaRC contracts which include work requtring stamping shall 
contain the following note: 
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*This solicrtation involves pressure vessel(s) that require a current ASME 
Certificate of Authorization for use of the folIowIng stamp; 
“U” or “UZ.” The Certification shall be held by the organization 
performing the design, fabrtcatron, and stamping of the pressure 
vessel(s). The contract award process will be greatly facilrtated by 
submittal of the applicable Certificate of Authoriratron with the 
offeror’s bid; however, early certification submrttal is not required to 
ensure bid responsiveness. An offeror’s abllrty to confirm that 
deliverable pressure vessel(s) WIII be code stamped as required is A 
matter relating to the offeror’s responsrbiltty and WIII be determined 
prior to contract award * 

Possession of an ASME or National Board of Botler and Pressure Vessel 
Inspectors stamp also is a means of verlfymg the capability of a contractor 
to perform high qualrty work on pressure vessel/systems. Therefore, to 
assure quality work, all contracts for pressure vessel/systems which cannot 
be stamped shall contam the followmg note: 

“Thrssolicitatron involves fabrlcatron and/or repairs to pressure systems. 
A current National Board or ASME Certificate of Authorization for use 
of any of the following stamps. “R,” “U,” “UL,” “N,” or “PP” is 
required to perform thus fabrlcatron and/or reparrs. This certrficate shall 
be held by the organization per formlng the work. This certificate shall 
be maintarned valid and current throughout the contract performance 
period. The contract award process will be greatly facrlitated by 
submittal of the applicable Certificate of Authorization with the 
offeror’s bid; however, early certrfication submittal is not required to 
ensure bid responsiveness. An offeror’s abilrty to confrrm that the 
organization performing the work IS a holder of any of the above 
stamps is a matter relating to the offeror’s responsibility and will be 
determined prior to contract award.” 

9. Piping Weld Inspection 

a. All socket and branch connection welds shall be inspected and 
evaluated in accordance with LHB 1710.41, “Langley Research Center 
Standard for the Evaluation of Socket and Branch Connection Welds.” 

b. Radiographic inspection of prplng girth butt welds shall utilize 
tangential technrques only. No ellrpttcal techniques shall be utilized. 

10. CPV type union nuts subject to pressures above 3000 psig shall have vent 
holes and be torqued to the values listed in Appendix 0. 

11. Flex Hoses (except Category 0 fluid servrce as defined in ASMEIANSI 63 1.3) 

a. Commercial flexrble hose assemblres must be tested and labeled for 
operating pressure by the manufacturer. Flexible hose assemblies 
fabricated in-house must be constructed, tested, and labeled for 
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operating pressures by the Fluid Systems Section, Mechanical Support 
and Utilities Operations Branch, Operations Support Drvision. 

b. flex hoses shall be perrodically Inspected and recertified using the time 
intervals provided in the tables in NHB 1700.6, “Guide for Inservice 
Inspection of Ground-Based Pressure Vessels and Systems,” Chapter 6. 
Periodic Inspections will be external only. Recertification will require a 
visual Internal examrnatron In accordance with the ASME Boiler and 
Pressure Vessel Code, Section V. Hoses shall be tagged with Inspection 
and recertificatron dates. 

Before hoses can be considered unsatisfactory for use, the following 
factors are to be considered : 

(1) 

(2) 

(3) 

(4) 

(5) 

Cracking or checking of the Inner liner IS cause for 
condemnatron 

Blisterrng of the outer cover IS usually indicative of porosity of 
the inner liner. 

Flatness of areas over 3 inches in length IS cause for 
condemnation. _) 

Corrosron of the wire braid is cause for condemnation. 

Worn, deeply scored, scratched, or badly corroded end fittings 
are causes for condemnation. 

Single step hex head bushings (that IS, one pipe size reduction) that have 
both internal and external threads shall not be used in systems with 
pressures above 125 psig unless approved by the SPE. All transitions of this 
type should be made using reducer sections. 

Portable support equipment (except Category D fluid service as defined in 
ASME/ANSI B31.3), shall be perlodically Inspected and recertified using the 
time intervals provided in the tables of NHB 1700.6, “Guide for lnservice 
Inspection of Ground-Based Pressure Vessels and Systems,” Chapter 6. 
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CRITERIA 

A. Design 

Chapter V 

Design of all pressure systems shall comply to codes, standards, and LaRC 
supplementary requrrements of Chapter III to the maxrmum practical extent. 

8. Documentation 

1. Documentatron for new and exrsttng pressure vessels and systems are set 
forth in NH8 1700.6, “Guide for Inservice Inspectron of Ground-Based 
Pressure Vessels and Systems,” Chapter 7. 

2. Radiography Film 

a. Radiographs of pressure components/equipment shall be retained by 
LaRC for life. 

b. The “Radiography Film” and a “Weld Joint Location Drawrng” shall be 
sent to the configuration management contractor for storage/ 
retention. 

C. Welding/Brazing Requirements and Certification 

1. Welding/brazing operatrons on pressure systems, whether performed in- 
house or by contractors, will only be done by welders/brazers who are 
currently certified in accordance with ASME/ANSI 6 and PV Code, 
Section IX, “Welding and Brazmg Qualifications.” 

2. Welding/brazing procedures and procedural qualifymg test data for 
pressure componenis must be prepared and furnished in accordance with 
ASMEIANSI 8 and PV Code, Section IX, “Welding and Brazing 
Qualifications.” Submittal of these procedures and test data are not 
requrred for code stamped systems and components. 

0. Test Requirements 

All testing is to be performed using wrttten and approved test plans and 
operating procedures. See NH8 1700.6, Chapter 4, for recommended 
noridestructive tests and inspectIons for pressure vessels and pressurized 
systems. 

1. Nondestructive Examination Requirements -Welded joints in pressure 
vessels, tubes, pipes, and fr ttings shall be radiographically inspected when 
required by applicable codes. When heat treatment or stress relieving i’s 
required, the radiographic inspection shall be performed in accordance 
with the appropriate ASMEIANSI codes. In addition, the jornt and its heat 
affected zone shall be MT or PT examined after heat treatment. 
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2. Hydrostatic Testing Hydrostatrc testing establishes the ability of pressure 
vessels, piping, and fittings to withstand the maxrmum pressure 
anticipated for the equipment. It should be conducted In accordance with 
the requirements of ASMEIANSI Roller and Pressure Vessel Code VIII, 
Division 1 or Divisron 2, or ASMUANSI 83 1.3, “Petroleum Refinery Piping,” 

. or 831.1, “Power Piping.” All new pressure systems shall be hydrostatically 
tested in accordance with their design code. Repairs to existing systems 
shall be hydrostatically tested unless exempted by the National Board 
Inspection Code, Sectron R-308 and Supplement I, “Examples of the Repair 
and Alterations.” Waivers of hydrostatrc testing for repairs require the 
approval of the SPE. 

Hydrostatic testing is potentially hazardous. Adequate safety precautions 
are to be taken to ensure safety of personnel and equipment with regard 
to test procedures. After hydrostatic testing, vessels shall be dried in 
accordance with system requirements. 

3. Pneumatic Testing - Pneumatic (pneumostatic) tests should only be 
conducted when hydrostatic testing is not feasible. A gas complying with 
cleanliness requirements of the pressure vessel and system will be used. .~ 

a. A written procedure with line management approval is required for 
pneumatic testing and must then be approved by the Chief, Facilities 
Engineering Division; the Chief. Systems Safety, Quality and Reliability 
Division; and the Chairperson, Pressure Systems Committee. 

b. Pneumatrc tests are inherently hazardous and all personnel must be 
excluded from the hazard zone. A hazard zone is to be established by 
a Facilities Engineering Division engineering analysts. 

4. Hydrostatic or pneumatic testing of pressure systems used on LaRC 
experimental equipment, or being procured for use at LaRC, should be 
witnessed as follows: 

a. Pressure tests conducted elsewhere for systems to be used at LaRC 
should be witnessed by a reprerentatrve such as the LaRC Resident 
Engineer, or other selected NASA personnel. 

b. Testing of pressure systems (at or away from LaRC) which are not 
destined to become a part of an LaRC facility system should be 
witnessed as determined by the responsible LaRC project manager. 

5. Pneumatic Flushing/Impulse Blowing. Pneumatic flushing/impulse 
blowing is a method of cleaning debrrs from system lines utilizing low 
pressure, high velocrty gas. Thrs flushing operation is potentially 
dangerous. Extreme caution is to be exercrsed in working with this type 
operation. Adequate safety precautrons shall be taken to ensure safety of 
personnel and equipment with regard to test procedures. Means shall be 
provided to isolate the pressure source (that is. vents, double block and 
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bleed valves, gages, and SO forth) to provide positive verification that the 
system pressure is relieved and the system is safe to work on. Deflector 
shields should be used on all lines bemg blown. 

E. Analyses 

Analyses shall be performed in accordance with the applicable codes. Where 
adequate analysis techniques do not exist, or experimental correlation with 
theory is inadequate, the analyses shall be supplemented by tests. 

F. Deviations 

When any deviations from the criteria in Chapter V are required, the request 

for deviation shall be submitted in writing to the Pressure Systems Committee 
for appropriate action. The request for deviations shal4 include full justification 
for deviation together with supporting data and analyses. The Pressure 
Systems Committee will review the request and may recommend approval of 
the deviation to the Executive Safety Board for final approval or refer the 
request back to the design organization for redesign. 

1. Deviations from codes and standards (Chapter IlIE) must be approved by 
the Pressure Systems Committee through the LaRC Executive’Safety Board 
and these are reported to NASA Headquarters per NMI 1710.3. 

2. All other deviations will be considered by the Pressure Systems Committee 
only and minutes of commrttee meetings will provide documentation of 
action taken. 
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Chapter VI 

INSPECTION AND CERTIFICATION 

A. General Requirements 

1. The technrcal project engineer shall provide wrltten certrfication that the 
pressure system installatron is In accordance with all documentation as 
defined in Chapter VII.A.S, items a through d. For detarl considerations 
necessary for pressure vessel certification, refer to Section VI of 
NSS/HP 1740.4. 

2. All vessels, existing or new, which are certified to this standard, shall have 
an in-service inspection and a recertrflcation plan developed by the 
technical project engmeer. (See NHB 1700.6 and the fracture Mechanics 
Engineering Section (FMES) for gurdelmes.) This plan should contain the 
criteria used in performing tests specified for recertification of individual 
pressure tests specified or recertrficatron of individual pressure vessels 
and/or systems. Recertification of in-use pressure vessels and systems will 
be in accordance with thus plan. Standard procedures are to be used to the 
maximum extent and will be performed to an established schedule that 
shows frequency of inspection and type of inspection to be performed. 

B. Process 

1. The responsibilltles for Inspectron and certification of new and in-service 
pressure systems are with the responsrble engineers, operations personnel, 
designated commrttees, and organcratrons outlmed beI-ow. The following 
explains the interrelations between the various activities displayed in . 
Figure VI-l, “Functional Flow Chart Design, Inspection, and Certification of 
Pressure Vessels and Pressurized Systems.” 

a. facility Safety Head (FSH) - The FSH provides the focal point for 
inspection and certification. Requirements for In-service inspection, 
new pressure systems installations, or modifications to in-service 
pressure vessels/systems that affect this area of responsibility, must be 
fonrvarded through the FSH. There are two loops in Figure VI-1 : 
(1) the one for in-service Inspectron, and (2) the one associated with 
new designs and changes to exrstrng pressure systems. 

, b. Systems Engineering and Operations (SE&O) - SE&O IS to provide 
policy; technical support; planning by the Work Control Section, Work 
Control and Contracted Services Branch, Operatrons Suppon Divrsion; 
and procedural assistance to perform nondestructrve evaluation (NDE) 
that IS required for InservIce mspectron and recertrfrcatron in addition 
to any new NDE requirements. 
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NOTE: Items (a) through(i) correspond 
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The Work Control Section WIII also maintain the schedule for in-rervrce 
InspectIon and provrde the FSH the inspectron requrrements for the 
annual maintenance program. The Facility Coordmator (FC) will 
provide mformation to the Work Control Section for establrshing and 
maintaining the inspection schedule. (Requirements will be provided 
to the FC by the FSH.) 

C. Fracture Mechanics Engineering Section (FMES), Structural Design 
Branch, Facilities Englneenng Drvlsion, receives In-service inspectton 
and certification test data for analyses. The results of the analyses 
provide the basis for mspectlon dates, reratmg,or derating 
requirements, modrflcations, and/or reparrs. When a system is 
certified, the findings and an m-service inspection plan are forwarded 
to the FSH and the confrguratlon management contractor for future 
reference and schedulmg. If the system cannot be certified, thrs 
information IS submitted to the FSH. 

d. Technical Project Engineer (TPE) Ensures that new designs, changes, 
or modification requiremen 1s flow from the FSH to the designer 
responsible for the preparation of cad products such as specifications, 
drawrngs, purchase requests, and In-service inspection and 
recertlflcation plan. The designer utllires standards, codes, NMl’s, and 
other guIdelInes speclfled by this handbook, or equivalent, in 
preparrng the final products for purchasing and construction. Release 
of this mformatlon requires normal line management approval. 

e. Standard Practice Engineer (SPE) Reviews the output from the TPE 
for compliance with code requirements. 

(I) If code requirements are met, constructIon may commence. 

(2) If not in compliance wtth code requirements, the design shall be 
submitted to the Pressure Systems Committee. Complete analysis 
of the design and calculations to support approval must 
accompany the design package. 

f. Pressure Systems Committee Revrews designs that are not in 
accordance with code and may reject the design, returning it to the 
responsible designer for rework. If the committee approves the 
design, it is then submitted wr th a recommendation for final approval 
to the Executive Safety Board 

9. Executive Safety Board (see LMI 1700.3) - Approves or rejects the 
design and returns it to the responsible designer for rework and 
reprocessing through the approval cycle. Waivers, when granted, are 
to be reported to NASA Headquarters according to NMI 1710.3 (see 
Appendix 8). 

h. Conrtruction/lnspection/FMES/SPE - During construction, inspection 
and associated field servrcer may be supplied by Government or 
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contractor personnel. The TPE provides liaison and consulting 
expertise. FMES provides consulting expertise on development of the 
In-service Inspection and Recertification Plan. On completion, data 
supplied from installation tests are supplied to FMEVSPE as necessary. 
FMES forwards the Initial Inspection Results and In-Service Inspection 
and Recertification Plans to the configuration management 
contractor. 

i. Configuration Management Contractor - Receives data for both new 
and in-service pressure vessels and systems test results for updating the 
inspection and recertification plan from the two loops shown in 
Figure 2. This data will be provided to the FSH wtth the required 
schedules for future inspection and recertification. 
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Chapter WI0 

RESPONSIBILITIES 

A Facdtty Safety Head (FSH) The FSH 5 to 

I 

En\ure that the basic requlremefirs for pressure systems of the organlzdtlonal unit WIII fuifrll the required oo~ecrlves and that these 
requirements are clearly defined 

Ensure that all new pres5ure vessels, PIPIng, associated equtpme~t, and ai! 
modlflcat1ons thereto ale approved br the Standard Practice Engtneer for 
Pressurczed Systems andior the C&C Formal Oesrgn Review process b&ore 
commencing with site wo:k 

Ensure the conduct of the OrgdrliLdtiondi unit’s safe operitton This 
handbook does not relfeve the FSH 01 lhis responslblllty 

Furnish a copy of this hdndbook to each employee of the organrzatronal 
unit who performs or may be called upon to perform dutler described 
hereIn Ensure that each of these employees 1s familiar with and cornpIles 
with the pro~~rrons of thrs handbook and other related LaRC safety 
regulatrons 

Possess written verrflcatloll of the following mformatlon prior to the’ 

That the desrgn conforms to the regulatrons herem or that any 
deviations have been approved by the Pressure Systems Commtttee 

That the mstallatlon hdS been completed according to the desfgn, 
speclflcatlons, drawlnqs, and change Items 

That the Pressure Systems CommIttee and/or a forma\ devgn review 
commfttee has reviewed. for safety conrlderatlon. plans for 
conscructlon. addrtrons. or alteratfons and the mrtlal startup and 
checkout procedure to be employed accordmg to apphcabie 
prescrlbmg LaRC Instruction 

That the CommIttee on Potentially Hazardous Materials (see 
Attachment 9 to LMI 1700 31 hds reviewed. for safety consrderatfon. 
any pressure vessels, ptp~nq, and associated equrpment whrch utllizcs 
or employs a material I)IJ~ r~rdy be hatardous of not properly handled 

Thdt the appomtment of d faclllty Coordmator and any necessary 
alternates has been made 



6. 

7 

8. 

9. 

1 0 

11 

f. That the appomtment of safety operators and any necessary 
alternates has been made In accordance with LHB 17 10.10, ‘Safety 
Clearance Procedures (Red Tag) - 

That proper safety tralnlng has been gtven to equipment and safety 
operators 

NOTE WrItten certlficatton of Items (a) through (d) above IS 

obtained from the Technical Project Engineer. 

Complete the followlng prior to the scheduled operation. 

a. Review operatlonal procedures for changes, addltlons, or alterations 
that were found necessary during the mctlal operatlonal checkout. 

b Establish procedures outllnlng routine operattonal Inspectton and 
retest periods. 

C. Establish emergency oprratmg procedures 

d Have a complete set(s) of final drawings, design speclflcattonr, desrgn 
analysts manuals, and schematlc drawings required for safe and 
proper operation 

Maintain documentation (drawings. procedures, safety analysis, and IO 
forth) required for safe operation of pressurtted systems. 

Provide coordlnatlon for modIfKdtion, new mstallatlons, mamtenance, 
and recertlftcatlons of pressurized systems and equipment. 

Ensure that proper ldentlflcatlon, labeling, color codmg of components 
and/or system are mamtamed. 

Malntaln current logs, schedules, history of InspectIons, and recertlflcdtlon 
of faclllty pressure systems 

Mamtam complete documentation on pressure vessels 3 cubic feet or 
greater and/or worklng pressure In excess of 12s pslg. 

8. Facility Coordinator . The Faclllty Coordinator IS to: 

1. Asscst the FSH In achlevlng safe operation of the bulldmg complex and 
researkh faclhtles. 

2 Addltronal responslbllltres of the Faclllty Coordmator Include: 

a lnltlatlng requests for mamtenance. repalrr, modification, Of 
alteratlons to the faclllty 
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b. 

C 

d 

e. 

f. 

Notlfylng and Obtdlnlng Cl JdrdnCe from Other coordrnator5 w,th,n the 
faclllty for any propxed work requlrlng U(III~Y dIsruptjon 

Coordlrratlrjg the OIJerdtlOl~l prOCCdure5 o! equipment In the faclllty 
IO that the uw of COmmOn utllltle5 doe5 1101 create a 5afety problem 

Mdlntdinlrlg d procedure for obtalnlng clearance for proposed work 
IIT the fdclllty 

Stopplng any work being performed which 15 not In accordance wlth 
appropriate regulationr. dnd notlfylng the Safety Manager 

ControllIng red tag5 and having an duthorlred sa tety operator attach 
them to electrlcal switches. air and fluId valves, or rlrntlar control 
devices when ooeration would cause Injury or damage 

C. Safety Operator A 5afery operator (lee LHB 1710 IO) wail provide safety 
clearance procedlirer prior to performing dny work on pressure vessels and/or 
pressurlred systems Thlr includes the respon5lbrlltrer of properly lnstalllng and 
removing red hold-off tags - 

0. Equipment Operator The Equrpment Operator, certtfted by he management, 
I5 to: . 7 

1 8e knowledgeable In all aspects of equlpmenl to be operated. 

2 Mamtain logs of equipment startup, operation. and shutdown. 

3. A5srst tn removal of pressure equipment from service and preparation for 
In-service In5pectrons 

E. Technrcal Project Engineer (TPE) . The TPE 15 to. 

1 Provide for the ba5rc pressure systems requirements specified by the FSH, 
retammg the responrrbrlrty for pressure systems up to and mcludmg the 
ftnal systems acceptance tertrng. This Includes the responsrbrlity for all 
coordmation necessary to assure compliance wtth these regulations by the 
Faclllty Coordmator. FSH, designer. Standard Practice Engmeer. mcpector. 
radlograph Interpreter. fabricator. m5taller. and the ,>pproprtate 
commrttee of the Executive Safety Board (see LMI 1700 31 

2 Ensure that an Inspector 15 assIgned to Inspect all new pre55ure vessels. 
pIpIng, and associated equlpmcnt and all alteratlonr. repair% and 

1 addrtrons thereto 

F. Inspector The lnrpector 15 to 

’ 1 Ensure that the fdbrlcator snd the Installer conform to the applrcable 
pontonr of 5pecl ftcd ttonr 

VII.3 



2. Wrtners all tests speclfred by the dejlgner 

3 Verify that te5t apparatus IS cdllbrdted properly belore use 

4 The inspector Ihall er6ure that all rlotrdertructlve evaluatron (NIX) 
lnrpectlon perrome performng Inrpectfonr, evaluatrng Inspectron 
results, or Interpreting radlographs 5hall be quaIlfled In accordance wrth 
American Soclefy for Non.Oe5tructlve Te5tl,lg (ASNT) SNT-TC.lA 
“Recommended Practrce for Non Dertructrve Testmg Personnel 
Qualrflcatron and Certlflcatlon.V Personnel qualified to Level I shall be 
utrlired only under the field supervrsron of a currently certrfied Level II or 
III mrpector 

5 Coordrnate with the TPE In resolving any problems In the mterpretatron of 
5pecrfrcatronr that Involve these regulatron5 

6. Ensure that all radiographs of LaRC pressure systems shall be revrewed by 
SE&O NDE Operaflonr Centfred RadIographIcInterpreter 

C. Standard Practice Engineer for Pressurized Ground Systems - The Standard 
Practice Engineer for prerrurlzed ground systems 15 to revrew and approve ali 
new m-house designs of pressure systems or modrficatrons to exrsting systems 
and to cenlfy therr compliance with exrstmg codes. Any systems which do not 
comply with these code5 are to be referred to the Pressure Systems Commrttee 

H. Standard Practice Engineer for Pressurized Flight Systems -The Standard 
Pracllce Engineer for pressurlred flight systems IS to examme drawmgs, tea 
plans, operational procedurer. checkout procedures. purchase requests, 
specrflcatlons, and statements of work erther approvrng them as conforming to 
these regulations or drrectmg that they be submitted to the Pressure Systems 
Commrttee 

‘* Radiographlc Interpreter The Radiographrc Interpreter rhrll revrew all 
radiographs produced at LaRC or furnlshed by support contractors, equipment 
manufacturers, vendors, or others whrch pertam to pressure systems or 
components governed by thus handbook. The Interpreter shall revrew and 
interpret radlographr based on the appropriate acceptance criteria. 
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Appendix A 

SPECIAL REQUIREMENTS AND EXCLUSIONS 

l SPECIAL REQUIREMENTS 

A. lnspectlon.Recertlftcatlon of Cryogenic storage Vessels and Trabiers 

Cryogenrc storage vessels and frallers at CaRC do not rsgucre gerlodlc 
recertlflcatron. but are to be wsually rnrpected for frosr!ng on the outer 
surface of the oufer tank on a weekly basis When frost IS vosually detected, 
appropriate measures must be taken to reestabllrh the proper annulus 
vacuum level The dnnulur vacuum level 15 to be verlfled (500 mrcrgos or 
less) at least twtce a year for cryogentc storage vessel> and trallerr that, by 
desIgna rncorporate connectlon5 for annulur vacuum monrtorlng and 
pumping Cryogenic storage verrels and tratlers of this type are provided 
with redundant relief protectlon. that 15. a rupture drrc and relief valve. 
Receftlficatlon 01 reltef vdlves IS to follow the guIdelIner stated In NH8 
1700 6, “Guide for In-Service InspectIon of Ground-eased Pressure Vessels 
dnd 5yrtemr ” The Inner tank rupture disc IS to be replaced at the tlrne of 
relief valve recer,lflcdtlon 

8. Pneumatic Testing of Cryogenic Systems 

Pneumatcc festtng of cryogenK systems In lieu of hydrostatic testing 15 
permlsrlble provided other approvals required by the requlatlon are met 

0 EXCLUSIONS 

A. Portable Atr Compressors 

Portable air compre\rors designed to operate at 125 prig or lower are 
encluded from thr requirements of this handbook NH8 1700 6 IS the basis 
for this exclusion 

B. Hydraulic Accumulator Type Pressure Vessels 

lndividudl vdriatlon In both vessel derlqn and 5yrtem lnrtallation need to be 
conrrdered. The pressure-volume retatlonshlp for gases that IS described In 
NH6 1700 6 Ihdll be used ds a bd5ls to exclude such accumulators from the 
requlrementr of thlr handbook, that IS. the gas srde volume-pressure 
multlple when less than 5.000 prr-cubrc feet, that IS. 10 cubic feet x 
500 pslq = 5.000 Thtr bd5r5 shall be used for both new and ewstrng systems 
at the service condltton (comblnatton) of maxlmum gas energy potential 

C. Hydraulic Components 

Hydraulic components, covered by the Nattonal Fluid Power Assoctatlon. 
are excluded from the requirements of this handbook However, systems in 
which there components are used shall be reviewed by the Standard 
Practice Engineer 



0. Portable Fire Exttnguisherr 

Portable fire extlngulrherr are excluded from the requirements of this 
handbook 

E. Refrlgeratlon Systems 

Refrlqerdtion 5ystemr are excluded from the requlrementr of thlr 
handbook The5e systems are covered by the American Society of Heatlnq, 

Refrlgeratlon and Air Condltlonmg Engmeers Requlatlons and 
Manufacturers Speclflcatlons 

F.. Over the Road Trailers 

Over the road trailers wlth’pressurlred components are excluded from the 
requirements of this handbook There trailers are covered by Department 
of TrampoRatIon regulations 

G. Water Systems 

Water sY5tem5 operating dt Prerrurer less than 100 p51 and temperatures 
le5S than 2 12 ‘F dre ercluded from the requirements of this handbook. 

H. Presrurlred Components 

Pressurlred components described III LHB 17 10 15. “Wind Tunnel Model 
Systems Crlterla,” are excluded from the requirements of this handbook. 

A.2 
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NMI 1710.3, “SAFETY PROGRAM FOR PRESSURE VESSELS 
AND PRESSURIZED SYSTEMS” 

- 

6-l Revised 8/92 
Change No. 2 
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NASA 
MANAGEMENT 
INSTRUCTION 

Responsible Office: QS/NASA Safety Office 

Subject: WY PROGRAM FOR PRESSURE VESSELS AND PRESSURIZED 
SYSTEMS 

l 1. W-E 

NASA pressure vessels and pressurized systems (PV/S), by the 
very nature of their working fluids and operating 
parameters, create a potential hazard to the surrounding 
environment. This Instruction outlines NASA’s program for 
ensuring the structural integrity of PV/S and minimizing the 
associated mishap potential. 

l 2. -LLITY 

This Instruction contains requirements for new and existing 
w/s (including vacuum) that are used on NASA property 
and/or in NASA programs, regardless of owner or user. 
Compliance with this Instruction at contractor instillations 
performing NASA work shall be made a contractual requirement 
where deemed necessary. PV/S excluded from the requirements 
are lioted.in NHB 1700.6, Guide for Insenrice Inspection of 
Ground-Based Pressure Vessels and Systems. 

+3. ~INITIONS - 

The following definitions apply to this Instruction and 
supplement those in NHB 1700.6. 

a. Elwht PUS - PV/S used for flight operations (e.g., 
Shuttle, payloads, aircraft, etc.) regardless of type 
or design safety factor. 

b. W-Based PV/S - Any PV/S used for ground operations 
regardless of type or design safety factor. 

c. RECERT- The NASA program for periodic 
certification/recertification of ground-based PV/S 

1 outlined in NHB 1700.6 that consists of the following 3 
work categories: 

(1) Documented identification, inspection, 
nondestructive examination, and analysis of PV/S. 

*Changed by this revision. 
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(2) Repairs/modifications required to 
certify/recertify PV/S based on the findings of 
category 1. Additional nondestructive examination 
may be required to define the extent of needed 
repairs and to assure adequacy of repairs. 

(3) Continuing periodic inspection, test, and 
maintenance of PV/S based on the results of 
categories 1 and 2, lessons learned, and 
experience. 

*4. ~PONSIB~IES 

NASA Field Installation Directors and personnel under their 
cognizance are responsible for requirements in this 
Instruction pertaining to ground-based PV/S. NASA 
program/project managers dnd their personnel are responsible 
for flight PV/S requirements. There is a shared 
responsibility when flight PV/S are involved in ground 
operations/tests as described in paragraph 7b. 

7 
l 5. -L REQUIREMENTS FOR GROUND-BASED AND FLIGHT PV/S 

a. All pressure vessels, pressurized components, and 
pressurized systems shall be designed, fabricated, 
installed, operated, periodically inspected, 
maintained, repaired, and certified/recertified in 
accordance with the appLicabLe codes, standards, 
guides, and Federal regulations listed in Attachment A. 

b. The emphasis of PV/S certification/recertificat-fon 
shall be on high risk areas. Efforts shall be 
prioritized according to the risk or hazard of 
potential failure using risk assessment techniques. 

C. A PV/S can be recertified as safe at the original 
operational parameters or certified to new, reduced 
operational parameters. In either case, appropriate 
analysis, tests, examinations, repairs, modifications, 
and documentation shall be performed. If the W/S is 
certified to new, reduced operational parameters, the 
new parameters shall be used as the baseline for future 
recertification action. 

d. A system of marking and/or documentation shall be 
established to indicate that each PV/S is 
Certified/recertified for use and to indicate any 
special constraints or instructions required for safe 

*Changed by this revision. 

2 

B-4 



e. 

f. 
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h. 
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operation of the PV/S. If a Vessel/component is 
marked, stress concentrations or notches shall not be 
introduced that would compromise its integrity. 

Documentation for each PV/S shall be prepared and 
revised/updated periodically. It shall identify the 
organization/individual responsible for the W/S and 
contain, as a minimum, a PV/S description, list of 
available drawings/documentation, analysis results, 
certification requirements, unique inservice inspection 
requirements, and results of the most recent 
inspection. 

A configuration management system shall.be established 
to update the PV/S documentation as modifications are 
made. The,configuration management system shall ensure 
that the documentation always reflects the as-built 
configuration of the PV/S. 

PV/S information that would benefit other 
Installations/programs (e.g., failures, problems, 
lessons-learned, etc.) shall be forwarded to the NASA 
Safety Division for distribution throughout NASA. 

PV/S brought onto NASA Installations for temporary use 
shall be reviewed for compliance with the technical 
safety requirements of this Instruction. 

l 6. SPECIFIC REQUIREMENTS FOR GROUND-BASED W/S 

a. An Installation Pressure Systems Manager shall be 
designated to direct technical efforts: approve PV/S 
designs, repairs, configuration changes, etc.: and act 
as the primary point of contact for all RECERT 
activities. A Pressure Systems Committee should be 
established. Where appropriate, the Committee should 
conduct reviews, recommend requirements and procedures, 
maintain an overview of pressure system technology, 
participate in RECERT activities, and provide guidance 
on pressure system safety to appropriate officials 
including the Pressure Systems Manager and safety 
officials.‘ 

b. RECERT shall be applied to all ground-based PV/S on a 
case-by-case basis. For PV/S that are to be 
transferred from one Installation to another, the 
RECERT history of that equipment shall be reviewed and 

*Changed by this revision. 
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accepted by the receivinq/responsible Installation. 
The shipping organization shall ensure that appropriate 
documentation is forwarded. If the documentation is 
not available or the PV/S RECERT history is not in 
accordance with this Instruction, the PV/S shall be 
certified/recertified before it is placed in service. 

C. Deviations/waivers of technical requirements (codes, 
standards, and guides with the exception of Federal 
regulations) shall, as a minimum, be approved by the 
Pressure Systems Manager/Pressure Systems Committee 
with concurrence by the Installation NASA Safety 
Director. Approval shall be given based upon detailed 
analyses of the potential hazards and rationale for 
acceptance. Such deviations/waivers shall not exclude 
PV/S from RECERT. Any special RECERT requirements 
should be identified as part of the deviation/waiver 
process. For PV7S that are to be transferred from one 
Installation to another, associated deviations/waivers 
must be reviewed and accepted by the receiving/ 
responsible Installation. The shipping organization 
shall ensure that deviation/waiver files are forwarded 
in a timely manner to the receiving/responsible 
organization. 

d. PV/S that require modification, rehabilitation, repair, 
replacement, etc., shall be approved in the same manner 
as any other facility project; i.e., if the level of 
effort is within the authority of the Center Director, 
the work may be approved and implemented in accordance 
with existing procedures; if the level of effort (cost) 
requires action by Headquarters, then a properly 
executed Facility Project-Brief Project Document, NASA 
Form 1509, NASA Report Control No. 10-0000-00-849, 
should be submitted in a timely fashion. Projects that 
otherwise satisfy the requirements for inclusion in the 
Construction of Facilities (CoF) budget should be 
included in the Installation's S-year programs and be 
considered in the annual CoF budget cycle. Facility 
Project Implementation Handbook (NHB 8820.2), 
specifically Chapters 1 and 4, contains additional 
details regarding budgetinq for facility projects. 

--. 

8. Installations shall establish a training and 
Certification program for high pressure SyStemS 
(Z 150 psi) operators. Installations should establish 
a PV/S safety awareness proqram that periodically 
alerts all Installation personnel to the proper 
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procedures for working with and around pressure 
systems. 

f. TO assure continued emphasis on the Agencywide RECERT 
program, Installations shall prepare and forward a NASA 
RECERT Status Report (NASA Report Control 
No. 10-0000-00-848) to the Director, Safety Division, 
office of Safety and Mission Quality, by February 1 of 
each year. The Safety Division will distribute an 
annual report call letter requesting specific 
information needed to track the status of special 
interests and facilitate ddvocacy of program funding. 

a. Deviations/waivers that apply to flight operations 
shall, as a. minimum, be approved by the program/project 
manager and the responsible NASA flight safety 
authority. _ 

b. Design data, operatinq procedures and history, system 
characteristics and constraints, etc., shall' be 
provided to coqnitant Field Installation PV/S personnel 
to assure safe conduct of ground test, checkout, and 
launch operations. Deviations/waivers that apply to 
qround,operations/tests shall, as a minimum, be 
approved by the program/project manager with 
concurrence by the Installation NASA Safety Director. 

NH1 1710.36 dated February 23, 1982. 

*Changed by this revision. 
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URE VESSEL/SYSTEM CODES. STANDARDS, AND GUm 

1. 

a. Hoccupational Safety and Health Standards," 
occupational Safety and Health Administration (OSHA), 
Department of Labor (DOL), 29 CFR Part 1910. 

b. "Transportation Standards," Department of 
Transportation (DOT), 49 CFR. 

C. "Guide for InServiCe Inspection of Ground-Based 
Pressure Vessels and Systems,t8 NASA NHB 1700.6. 

2. ic Reuuirements 

a. 

b. 

C. 

d. 

0. 

I. 

h. 

3. 

It. 

1. 

nNASA Aerospace Pressure Vessel Safety Standard,n 
NSS/HP-1740.1. 

"NASA Medium Weiqht Pressure Vessel Safety Standard," 
NSS/HP-1740.04. . 

"Safety Policy and Requirements for Payloads Using the 
Space,Transportation System,” NSTS 1700.7B. 

nSpace Shuttle Flight and Ground Systems 
Specification, " NSTS 07700, Volume X.- 

“Space Station Program Definition and Requirements," 
SSP 30000, Section 3. 

"Standard General Requirement for Safe Design and 
Operation of Pressurized Missile and Space Systems,w 
MIL-STD-1522A. 

American Society of Mechanical Engineers (AWE) Boiler 
and Pressure Vessel Code. 

Am8rican Society of Mechanical Engineers Code for 
Pressure Piping, 831. 

Am8rican Petroleum Institute (API) Codes. 

National Board Inspection Code, “A Manual for Boiler 
and Pressure Vessel Inspectors," Current Edition, 
published by the National Board of Boiler and Pressure 
Vessel Inspectors. 

National Fire Protection Association (NFPA) Codes. 

A-l 
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3. Guides 

a. 

b. 

c. 

d. 

e. 

f. 

9. 

h. 

i. 

j. 

k. 

@'Integrated Pressure Systems and Components (Portable 
and Installed)," United States Air Force (USAF) 
Technical Manual T. 0. 00/25/223. 

American Society for Testinq and Materials (ASTM). 

"Fracture Control of Metallic Pressure Vessels," 
NASA Special Publication (SP) 8040. 

. 
"Design Development Testinq," NASA SP-8043. 

t'Qualrfication Testing," NASA SP-8044. 

"Acceptance Testinq,n NASA SP-8045. 

"Pressure Requlators, Valves, Burst Disks, etc.," 
NASA SP-8080. 

toDiscontinuity Stresses in Metallic Pressure Vessels,n 
NASA SP-8083. 

"Rocket Metal Tanks and Tank Components," NASA SP- 
8088. 

"Hydrogen Safety Manual, I* NASA Technical Memorandum 
(TM) X-52454. 

*Workbook for Estimating Effects of Accidental 
Explosions in Propellant Ground Handling and Transport 
Systems," NASA Contractor Report 3023 by Southwest 
Research Institute. 

A-2 
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Appendix C 

VALVE NUMBERING SYSTEM 

A. Valve Numbers 

1 A standard valve numbermg Iyrtem for all LaRC factlltles has been 
Instituted that IS compatible with the computer dIded maintenance system 

and ellmlnates number dupkattons Thlr syrtem 15 based upon the use of 
seven (7) dlgrts plus one suffix. A complete number as appears on a valve 
tag IS as follows 

xxx 3xxx x -- 
(a) - (b) (c) 

a The first three dtglts ldentlfy the bulldIng and IS presented In Table C. t 

b. The next’four dlglts ldentlfy the particular device number. All valves In 
this example are In the 3000 series 

- 

C. A suffix Identlfler the system In which the device 15 located. A current 
ht of codes IS as follows: 

Subscript Servrce 

A,.KD,E 
F 
H 

1.K 
N,M 

0’ 
R 

S.f 
u.w 

V 
X 
Y 
2 

Air 
Fuel (except Hydrogen) 
Hydrogen 
Helium 
Nitrogen 
Hydrauk FluId 
Lubricatrng 011 
Other Inert Material 
Steam and Condensate 
Water 
Vacuum 
Oxygen, Oxldlzers 
Freon 
fluid Combmatlonr 

Thus. a typlcal valve number would appear as 064.3 142 1 whbch would 
ldentrfy the dewce as bemg number 3 142 In the hehum system In 
Bulldmg 12478 

2. The letter ‘2’ designates that more than a single fluid can be transported 
through the prpmg system. Anyone performing mrtntenance on a valve 
wcth this suffix, or dlrassembly of a system Identlfted by this suffix, should 
be immediately alerted to the requirement to porrtively Identify the 
system’s media before mamtenance or d&assembly begins. 

c.1 



3 Tags applied to each device would .~pperlr ~rn~tar to this lllustratlon 
. 

For operating orocedurer.lt would be sufflclent to refer to the device as 
“thlRy.one fony two lay” the bur!dmg Identtfter betng necessary only for 
mamtenance servicer 

8. lmptcmentmg Valve Numbering System 

1 The ldentlftcatlon system WI:\ be used on all valves and valve type dewis 
(that IS. regulators) To avoid operatconal confusron durrng the transctlon 
phas$, and to assure mlnlmum Imp&t, the followmg ground rules apply. 

d Where potrlblk. suffix letters prDvldlrlg a generrc t1e.m WI/! be given 
prrorrty when assIgnIng number\ to valves In the basic operattng 
control loop of a part~culdr system These will be the valves normally 
appearmg In a single standard procedure 

b In bulldmy complerer where sever4 sets of research apparatus (tunnel 
test sections) are serviced by common dlrtrlbutlon or vacuum systems, 
no two valves wdl be arrlgned the cdentlcal number In other words, 
the dlrtrlbutlonlevacuatlon system operatlr:g procedure would have 
no nomenclature amblgultles (5dme number and rufflx with only 
dlfferrng ldentlflers) 

C To mmimcre the Impact of ldentlflcatlon change, all valves. associated 
components, and panrcularly graphic panel Identrficatlons WIN bear 
both the old and new numbers untrl procedures have been 
demonstrated and operators are famlllar with the new nomenctrture 
This will also provide adequate lead time for procurement of new 
‘name plates and tags 

d A Crols-Index of old and new device numbers WIII be made a parl Of 
facrlltles baseltne documentat1c.n This will enable the update Of 
mlrsmg drawmgr, porrlbly located as result of some future drawing 
file purge, alrd wdl serve J\ an ItIstorIcA record The croslndex mW 
assume the form of a drawing 

.- 

,- 
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For new facllltles, or the addltlon or modlflcatlon to ealstlng facllltles, - 
engmeermg design personnel should estimate the total of valve .- 

numbers required, then request a block of numbers from the 
cognuant Fachty Safety Head (or the Faclllty Safety Head’s Facility 
Coordinator) 

2 The declrlon to remove old valve numbers will be on a care-by.case basis for 
each faclllty under the cognizance of the Chief. Operattonr Suppon 

._ 

Olv1s1on Thrs requirement IS to ensure contlnulty of safe operation 

. 
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TABLE C-l 
BUILDING IDENTIFIERS FOR EQUIPMENT MAINTENANCE NUMBERS 

Building Number Identifier 

581 01 

582 02 

582A 03 

583 04 

583A 05 

584 08 

585 03. 

640 09 

641 10 

642 21 

643 11 

640. 15 

645 14 

646 13 

647 12 

648 19 

GSO 20 

720 18 

720A 18 

7208 18 

1120 149 

1146 22 

1147 82 

1148 23 

1149 24 

1151 3s 

1152 26 

1153 79 

1154 83 

Buildrng Number 

1155 

1156 

1157 

llS8 

1159 

1160 

1161 

1162 

1163 

1164 

1165 

1168 

1169 

1170 

1171 

1172 

1173 

1192 

1?92A,B,C,O,E 

1194 

1195A.B.C 

1199 

1200 

1201 

1202 

1203 

1204 

I205 

1206 

tden tifier 

78 

112 

113 

114 

11s 

116 

117 

140 

25 -- 

118 

143 

128 

132 

133 

134 

135 

136 

52 

52 

30 

33 

05 

74 

39 

75 

120 

102 

76 

81 
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IN-SERVICE REPORT FOR SAFETY DEVICES 

Dpcmtor to 611 ia below. 

!hfety Device No. - _ __-__ ._ _ . _- 

Date Tested 
11 

Unit __ . .-.-_ - - 

Lowlion _ .._. 

lnscrt completed form in special cavelope and return to 
enghccring department. 

TSource: American Petroleum Institute, Guide for Inspection 
of Refinery Equipment, Chapter XVI.) 
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Matulrl--. . . . -....- .- __.-.- . _ -._ . -.- *,,, -1 

Fill In om rida only. 

From Udt From Sporr Stock 

Month 1 Day 1 Year 1 set Prenum------ - 

chock Prouure-, . -. ----- 
Date Lut Tatad -__I - .._. -. 

I I 

.--*---- 

Poppod at--. _.- _- . . II -.- - -_ -..-.. _ 

SIIPfaIun e. .*_. . .._..._ --- _..--_. 

Chock Prama..... . . . . . 

NW St Proaun, 
If cltm*--. ._ --. _. -.--.- 

- cculdltlon: 
Luklttg . 1 - 

Stuck.. - _. . . . __ 

POUM --- .- - . . -- _. ___ 

Corroded. ._ _ . . . .- . 

Dlqosltlon: 
To Unit. -. ._ - _“. - _ _.. .._ 

To sperm --.- .--- _& .-- -- .- - 

To Junk p__._ . ._ . --.- . _ -- 

-- -- 

--.-.-_ 

Teat bed: 

stmdrrd~- .-..-. . -- 

Dry Sut-. _. __._ - _____ 

Tected by c_ _ m-m ..-- ---. - 

laource: American PetroleumInstItute, Guide for lnspectlon 
of Refinery Equipment, Chapter XVI. > 
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INSPECTION REPORT 

TO: DIts 

uok 

Downtlmo 

Equipmaot 

Returned 
tosenlca 

-.. _-__-__- 

---- ____ .._.-_ - .._- -m-e-- - --.--- 
-- _--.-.- 

Mlnllnum Thlekaau 

-- ..-- 

OrigiOd 
I 

Last 

I 

R&illg 
Inspection 1 Present nlickoeu 

---~ 
shall . . . . . . . . . , . , . . . . . . . . . . . . . . I 

shell chvor ........................ 

ClmoJld .......................... 

clmmel cover ..................... 

Top Nozzle (Sell) ................. - 

Bottom Nozzle (Shell). .............. 

Top Nozzle (Chmmcl). .............. 

Bottom Nozzle (Channel) .......... 

Tubea ............................ __ _ -se 

R-008 

--_--p-- 

Work equated by 1 Irupectcd bye- 

CC: Signed 
Chief lospector 

-Eumple of hupedon Rspar Form. 

(Source: American Petroleum Institute, Guide for Inspection of Refinery 
Equipment, Chapter VII.) 
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FORM NB-7 UNFIRED PRESSURE VESSELS 
REPORT OF INSPECTION 

Smndard Form for Jurldictlonr Oparatlo~ Under the ASME Code 

(Source* National Roard of Boiler 
anrl Pressure Vessel Inflpectors. 
National Board Inspection Code, (1972) 

a-9 



y-----y p. - - - 
I 

E 
.% 

c cc 

-AltOlIter Typied vaml llupeetba sheet for Recording Thkheu Memtremcat to Gkuhts comdon Rar 

TSource: American Petroleum Institute, 
Equipment, Chapter VI.) 

Guide for Inspection of Refinery 
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VESSEL INSPECTION SHEET 

SHELL DWGS. LINING DWGS. INTERNAL DWGS. EST. NO 

:ABR. 
ZONTR. 
zoo. 

II RELIEF VALVE 

BASE LINE 

- 

BASE LINE 

WALL THICKNESS CALIBRATIONS 

NAME OF VESSEL 

(Source: American Petroleum Institute, Guide for Inspection of Refinery_ 
Equipment. Chapter VI). a-7 
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- I  

D;to T’ortod 
_ 
---_ - -- 
-_“CC.-_.” -- 
-....--- _. .G... 
-. - .-- -- A.. “... 
-..-e--e.. __.- 

--I -.I- 
-- 

-.-.a--*. 

-- +-A..” -- 

----I_ I 

----_ - 

- -. ._- --_. .-. 
- -.-...- “̂  -.. w * I. 

Popti 
. . “W 

“. --. 

-._ -. . 

.-.-- 

,“,. . 1 ., . “. 

--” -..- 

--.-. 

, . --.-- 

---- 

_I_- 

B.--e. 

WI._ 

-.A”-- . . 

-- 

. .----” 

---.*. -. 

..-...cm. 

- -.- .-. 

e-.-e... 

-._--. ._ 

-_ 

NO. Ualt 
- . . . _ .-. _..” 

_. - 

HISTORICAL RECORD 

ncact 1 . ” Dir&&on 1 - - ” 
_I_ __^._ 

- - _“.. 
-... 

.  .  - .  . I  :  - .  - -  -  ”  . ”  

--. ._ .___ i .-.- I .-,_ ._ _ . . -....-_ . .._ --.. . _. 
-*_-. - - .-m-u , CI.i... 1.. 
.-- .“. - .I , ” _-se. A_.“_ . I 
..,__‘.. -.m- .- -- - --- 

I 
I m_.“._-.“. - -.*-.  ̂ -. -.._.--,. 

I .- 
- ..____- 

-:-I -’ - .’ 
..a_. ” .” 

I .: .._ ,- 

. . W”.” ,I P”.. w.... . 

a_ _... -. _. ._- .___. -.w. .” .” 

. - _ ” .._. 

. . . ” -.. 

I----.. --’ ‘- 

Locatlon 

ConJitlon 
. “.. 

I Repairs I Remarks 
I- _ 

. 

I- ..- 

” ._...“- 
.I...- - .- -__-._ __ 

. - - / ” ___- 
.- ----i - 

-.--- -. -.---, .“-- - .--- 
__. ’ -- . - .- ’ -.--- - __-_ 

6 I 
r._ __. . 

I 
- - --- -, ---. - 

I -. . “_ 
I 

,“___, -. --” -.. .-__ 
I -. ” ---, _- - - 
I , _- .- -..- I -._-.-, _. .-_-. --__ 

-----:- -- - __,.____._._- -_ 
_- - “. - . .._ ._ _._” _ -- 

_” _. ..-- -- --.-_-- 

- -- - -----.- -- 
. .-! .-- --- .-. .--_..- I 

. “.. _- _,._ .----..- -- 
.._ “_ -... ._ ” . _ _ 

TSource : American Pertoleum Institute, Guide for Inspection of Reflnezv 
Equipment, Chapter XVI. ) 
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SPECIFICATION RECORD 

Make _- ---St@ -.---- Remwks._....- _ _ _____ ______ 

&jy pnd Bonnet Material _-____ -__ . -.__._-__ __ - _-.--.. .-__ . _.__ .- .--_- _- 

Nozzle and Disc MateriaL -- - --_ .- _ .__ - -. _ _ - --- - . -..----- _ _- 

Trim Material _ _-_--_.- . . _._ - .-- -- -- . - - - _ _ _ __ - - 

Spring Morerial Spring No. _ .~ .----_ .-.-- 
7 

carbon steel . .__. - .- --- - __ 

Alloy - _ 

Inlet. . _ __-_- _.______ Ou1lrt -- -. -- . ..------ 

Size of Flange Size of Flange 

_. -- .-- 

- _.- _ ~_ _ ._. _ 

--- 

Orifice.. _ ___ _---- --- Back Pressure __ _ .- ___ _ _ - _. ___ _____ _- ____ _ ___ ___ 

Sprint Set Pressure.-- . _ ---- .-. -.-_- 

Relieving Pressure- __-. _ .__ _ _ - - .__- -- _. __ - .._ - .-.-__ -_- .- _______ __ _..______- 

Normd Operating Temperature. __ -. _ _ __ _ - Maintenance Engineer’s Phone _ __ _. _ . 

_ . _ - . _-- _ -_ __ ___ _ ._. _ . ..____ _-- -. .- _---.-.---_ _-. .,- 
No. 

I 
Unit Location 

____ __ ._.- -. --.-.- - _._ _ _ . _ _ - - - - - ____-. .-. .--. _.-- -_.__ ._ __ .__ 

I - ..-.-_ .--- _______._ ,_ ___ ._-_.. ____-__ . --... - - - --. - -. 

-(Source: 
Equipment, 

American Petroleum Institute, 
Chapter XVI). 

Guide for Inspection Refinery 

a-, ; 
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PRESSURE VESSEL RECORJI 

Nema of Unit- ._- _ _- _- _- .-_ Battery No. 

- - -_._- .-_._----__- Work8 lrpeetlon and Teat 

NAME OF VESSEL 

COMPANY VESSEL AND SKETCH NO. -- 

OPERATING DATA 
Hourt Under Prcssura to Date. .......... 

SERVICE DATA 
Average Maximum Operating Prcuurc, psi. 
Average Maximum Operating Temperature. 1 

Top ............................... 
Bottom ............................ 

No. Trays ........................... 
No. BafBcs .......................... 
No. Coils ............................ 

INSPEmION AND TEST DATA 
Inspector.. ........................... 
Nominal ID ................... ...... 
Minimum Thickness 

Shell .............................. 
Location ........................... 
Top Head ......................... 
Bottom Head .... .................. 

Joint Efficiency--Shell .............. 
Heads ................ 

Head Factor-Top .................... 
Bottom ................ : 

Last Inspection 
Inside Welds ....... ............. 
Outside Welds ............... 
Under Insulation ................. 
Extent Inspection ........... 

Test Pressure 
Vessel. psi ... .................. 
Coils. psi ...................... 

Test Medium ............ ......... 
Time Pressure Held-( I) +(?) ...... 
Muximum Allownble Operating Pressure. psi 
Maximum Allowahlc Opcrnting 'I'cfllpcrillUrc 

F ............................ 
Limited by .................. 

Working Stress, psi--Operating Tcmpcrature 
Approved Operating Pressure, psi. ....... 
Approved Operating Temperature. F .... 
Safety Valve Setting. psi. ............ 

PROTECTIVE LlNlNC ,DATA 
Drdwintt No. ......................... 
DutC Inrt~tllcd ............. ........ 
Material and Type .................. 
Section Lined ............... ........ 
Date Repaired ................. 

Extent of Repairs .............. 
Date Previous Lining Removed ... 

Cause of Removal. ................. 

REMARKS 

----I 

-__ . _ _--__ 

-. --- _--- 

. .__ _ _-_- 

..--.--__ 
. ----____ 
----.- -_ 
-----~ 
-.- _ _ _-___ _ __ 

_ 

----_--- 
_ _ _-. - 
_._---.--- - 
____ -.___._.- 

- -.- . ._ _. 
_ _-__ _._ _ _ 

. _ _ ._. _. . 
_-_ 
. - -. - - 

--. .- _-_.. 

-- ---- 
--- .-___ 
.- - - ---__-_ 
--- -_-_ _-____ 
-- - -- 

._ 

--..--- - -___. 
---_-.-___ 

---_ --. 

.- -.---.- - 
---_-- 

---.--. .~. 
_ -_------ 

. . 

. . 

--. -- - 
. _ -- -- 

_.-- -~ 
_ 

_ 

.- 

- 

-.- -_ - 
--- 
- -- 

-. 

.-_. . 
- 

_ .--.-- ---- 
-_ 
--. - 

-_ ..--. 
- _ ._._ - _ 

_. 

. 

-______ 
. 
-- 
_ 

. - 
.- 

-- 
--- 
- 
_ 

_- -.- ---- _. 
-.---- 

NO. Date 

i 

I 

s 

--~uggc~t~d Form For Recording tba Physical Condition and ABowable Operating Conditiooa of All Prar81~0 Veu~la 

a-" (Source: 
am em Operating Uoit 

American l'etroleun, Institute. Guide r'or Inspection 
oI' Refinery Eallipment. - L'hapter VI 



HEAT EXCHANGER SPECIFICATION SHEET 

1 Job No. 

2 Cu~tonot R.fmr.nce No. -_---- 

3 ddrera ---- Pro-1 No. 

4 Plant Locotlon DIM* ROW. - ------ 

5 Swvicp of Unit ------- ----.- -- .-.----It-No. 
Tro* _- :uo:~~*~:n~~~d In ___ Sari% Pqrqllql 

Sq Ft; Sh~II./Un~t Swf./Sh.llr ‘) l@f, 
So Ft 

8- PERFORMANCE_-RF. I)NE UNIT. __ ~ ---- ____ ---. 
9 Fluid Allocation Shell Std. Tube Side _. _ _ . _.., _____. _ ..- _. . .___ .._.._._ --_. __ ___ 

10 Fluid Nama _ ______ --_.- -- --- ._ _ _ - - . - ___._._ ___. - - _ - _- .., - -. - .-.--...-. .__ _- ____ _- 
11 Fluid Quantity, Total Lb/l+ ____-. . -- -- ___- _-... 

12 __ _ Valor (In/Out) _____ -.-- ----.- ----- 
13 -Liquid _ _ _ _ _ . -.--- _ . - _ 
14 St00ttt _---- -_.. -. -- - 
1s WOlW _-__ --.-- 
16 Noncondwtrobl. _ _ _-_--_ -- - --- .__. _._-.-._- 

17 T.yt~*rotur* (In/Out) ---- *Ed-------- _ - _--_- -- 
10 Specific Gravity ._------ - 
19 Vircosi!r, Liquid __--.--- .--. - 
20 Molecular Waight, Vapor - _ ______ -_---.--- - _ ._.... -__--. 
21 Molaculor Weight Noncondqnsabl* ___._^___ -L _.-.--- ---.-. ._ _.-. _ _ ._ 

- 

23 Th.wEl &nductww Btu Ft/tir.Sg Ft**F _ _. 
24 Let*nt niat -- -- ------- -- ___. _ Btu/Lb.+ 
2s Inl.1 Praswre _.- -- _..__ -_. ._ 

26 &!d!L _ __ _ -_ - _. 
27 Prosvurp Droe, Allor./Calc. . _ _ __ _- ____ .- . - - - _-. - __ -_ _.---.._---- 

28 Fou!~n~-Ro_?j.roncL.~in~._. 
29 _na! .Er+nfi.d- _ _ _ __ _ _ %‘/H!;. !!TD +?c!?!! _ ‘F __- _.. -. _------.-. 

30 Tmn~tor Rota. Sorvico CIMn Btt,/HrS.Ft’F 

_ _.__.. _ __ Sketsh_l~undlw’Norzlo Orientation) 

____ .Tube Sad. 

___. --- 
34 Des&~ Twnpwotur. - .-~- ._ __ __- _ _--- -- -- ..- 

_ ._.._ . - --~ 
___ _ ~_ 

- -- ~.. 
In. a30 660 ego +4s -.- __._ .- -- .-.--- 

- .-- --. -.__ _-__ ___ 
42 Shell ___. - -.. _ _ -(Intog.) (Rome.*.) _-. .-__- . ._ - _ - 
43 <h.annaleo~.Bon@ _ ._ 
44 Tubeshwt-Stotionoty _ . _ . _ _ - - - 
4S F looting Hood Cover ._.__ -.--..- 
46 Bofflar-Crons %!v!n c/T _ :‘-Y --..-- - - - k!tL-----!!I2 -- __-- -- . 
47 Bofflw-Long . - ..- - - - ___.. -_.-- -- - - 
48 Susrts-Tub. U-Bend __ _ -..%E ___ . _ _ _..__ .- -- 
49 BJpmS. _s.d h’-O”p).“J*?! TubwTubesh..t Jotnt 

SO E_~~w~~oon Joint’ TIP* ---- . _ _ _ - - 
51 ey’. Inl>f-yg~z!C &&I9 Entronc* 

Tub. S,b; 
_ _ -_ au_ndlo. grit -~__ 

S2 Goske!+ht!L$jd~. .-_ .---A- 

53 -f !O~i”!.c4 _ _ -. ._ _ -_ . -_ - - -- -. .- 
34 Codo~,l+promantr TEMA Class -._---. -_._-.__---. - _. _. 

SS W~iqhts/‘~~~-&jp~n~-- _._ _ Falled with Water ___.___ l?!?d’O Lb _. -.- 

56 fhtarks _______ _,.. ._. _ ._..._ -- ._ -. _. _--- 
57 ___------ - ___ ._._ - _._- _._. . _.--. --- 

58 __ ._._- .----- -.- -- - __-- 

s9 _ -- __-._ .- -._ -. - 

60 __ _ _ __. _ - .--. _. ._-_._---- 

61 , 

(Source: American I'etvoleum Irvtitute, Standard 660-Heat Exchangers 
for Refinery Services, First Edition.) 



YORM A.s ‘,~~\UIiFAC’rI;HERd’ TEST REP3RT OF SAFETY VALVES 
A.. Rtiqumd by the Prwisions ol ;he ASME Code Rules 

IDENTIFICATION OF VALVE 

(Source: i\merica;l %ciety af Mechanfca; Zngizers, Boiler and Pressure 
Vessel ?z&e. Sectior: VEL Division 2. ) 
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PRESSURE VESSEL RECORD 

Name of Unit-..-- __-.-.-- -_.--- I Vcrael Name ___ .-_ _____ 

Emery No. __ _-.__ _ -..-- Original Item No.- _ _____ 

__. _. __ Works Dote __.-__ _._ _ _ _ ___ --. ,._.___ ..______. -..- ----- -- - .A- 

HISTORY 

Estimate No. __-______..__.. -_ .- __._. ---. -- 
Order No. --_____-___ --.- -- 
Migd. By- ___------- 
Mfgrs. Serial No. -____-_-_ ---- 
Mfgn. Inspector - ---__.---- 
Mfgrs. Test Press. _______ ____ ___-. ----.----- 

DESCRIPTION 

Drawing No. 
Fabricators 
Contractors 
Company 

___ _ __ __.__ --.---- 
_~--- __-_-_. _._--.. .-.- 

Position (Vertical or Horixontal) _- ._. - .__ - ._._ - . .-. -_ 
Code Constructed -_ -.---. -----.-.--. 

Code-- _____ Year. __ ___ __. --__ __ 
Code Stnmp - .______._ _ ______.. _-_._ 

Materinl Specified end Grade or Typ 
BUSC _- .._. - ___._. - _ .._--- 
Lining ____ ~- - --_ -. ---_ .__ 

Thickness .--_._- -__ ____-.__- 
Stress Relieved (Original) __..____ _. _ -- __. ____ -_ 
Radiograph.4 (Original J __~ -. ._ -- -_-- 

Complete -.-- - 
Weld Intersections _-----.- 

Size-Nominal ID ---- 
Length Base Line to Base Line-- .-. __~ __-- 

Design-Pressure. psi _ .-- -_-_-- 
Temperature, F -___ _.____A 
Stress, psi --.---.-- ---- 

Maximum Allowable Operating Pressure. psi ._- -.____ _ 
Maximum Allowable Temperature, F _ _ -. _ - 

Limited by- ____ _ ___ ._- _. ._ 
Shell 

Type of Construction _-__ __ --- --- 
Joint Et?Iciency - -- ---__-- 
Type of support-.-- . _ _ - .- _ . . 
Interior or Exterior Stiffeners __ _____ __ .__ -._ 
Original Thickness ______ _ _ - -.--.- - 
Corrosion Allowance-.- __ _ . . -_. _ - 

Menwaya 
No. _ .- 
Size p-P _ - - 
Flange Rating -_ _.__ -. . 
Reinforcement 

Factory or Field _--_ -__. _ - - - - 

Date Received _ 
Date Installed __ _. __ 
Company No. .-__ _ 
Comp3ny Inspector _ ___ _____ 

Top Head 
Type: Elliptical ----Hemispherical 

L%hed-Cr. R . --- Kn. R. 
Conical-Angle _.-_ _--_ - 
Flat -- -....--L 

Joint Eniciency ____- -_ .-__ 
Original Thickness _____. ___ 
Corrosion Allowance _ _ __- _. 
Manways 

No. _- ___ __ __. _ _._---_ 
Size _ ____ _ _- __ _- .____- -- 
Flange Rating---. -_ _.. ___ 
Reinforcement 

Factory or Field- 
Bottom Head 

Type: Elliptical Hemispherical 
Dished-Cr. R. _ Kn. R. 
Conical-Angle _ _ 
Flat ----- 

Joint Efticiency -- 
Original Thickness- .._ __ -_--_- 
Corrosion Allowance ___ __ ____ 
M;mways 

No. _______. -. -.--_-- _--. 
Sire _. _-____ -_- 
Flange Rating _- 
Reinforcement 

Factory or Field ___ 
Nozzles 

#inimum Flange Rating .__ _-- .._- 
Type Facing _ _ .-_ _.__ .------ 
Openmgs Reinforcud _ _ _ _ _ --- 

Kcmaris __._ 
__ __- ..-. -- 

- ---- ._- 
.-_ . ..-- --- -- 

NOTE: A copy of this sheet shall be prepared for each individual vessel in a unit. If new vessels are installed or any changes 
are made to present vessels affecting ‘Description ” items, a new or reviscd copy of this sheet shall be submitted with the current 
inspection report. 

Typical Form for a Permanent Pressure Vessel Record 

TSource: American Petroleum Institute, Guide for Inspection Of 
Refinery Equipment, Chapter VI). 

a-l 



APPENDIX A 

DOCUMENTATION FORMATS 



8. 

9. 

10. 

11. 

12. 

Pressure Test Record - The pressure test record is 
prepared and furnished by the manufacturer. 

Record of Post-Weld Heat Treatment - This document 
is prepared by the company performing the heat 
treatment (when required) and is furnished by the 
component manufacturer. It shows rates of heating 
and cooling, holding temperature, and length of time 
at holding temperature. 

Facsimile of Nameplate Stamping - This document is 
prepared by the manufacturer. It is usually a pencil 
rubbing of the actual nameplate as stamped. 

Record of Impact Test - This document is furnished 
either by the material manufacturer of the component 
manufacturer; Ut should contain the applicable 
specification, test procedure used, and results of 
all tests. 

Record of Heat Treatment - This is documentation 
of material heat treatment and Is needed only when 
such heat treatment is done by, or under the control 
of, someone other than the material supplier. It 
will be a supplement to the appropriate mill test 
report. 

702 DOCUMENTATION FOR EXISTING PRESSURE VESSELS AND SYSTEMS 

1. Documentation should provide basic design and 
service data. A comprehensive chronological record 
of maintenance history, certification status, and 
future inservice inspection and recertification 
requirements is necessary for all systems throughout 
their service life. 

2. The documentation file should contain all of the 
available data obtained when the system was new (See 
paragraph 701) plus subsequent service data as follows: 

a. The name of the component manufacturer 
i 

b. Item number 

C. Manufacturer’s serial number 

d. Model number 

e. Manufacturer’s drawings and specifications 

f. Design data 

7-3 
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3. 

4. 

5. 

6. 

7. 

8. 

I 

Design Calculations - Design calculations for components 
such as pressure vessels, vacuum vessels, wind tunnels 
and piping should include pressure, temperature, wind,’ 

s 

seismic, deadload, and any other applicable loadings. 
They should specify the applicable code, standard,-or 
other design basis. 

Manufacturer’s Data Report - Manufacturer’s data reports 
are furnished with all components built to the rules 
of the ASME Boiler and Pressure Vessel Code and are 
illustrated in the applicable sections of this code. 
The equivalent for components such as pumps, compressors, 
valves, gages, and relief valves are data sheets, 
performance curves, and shop test reports (e.g., 
hydrostatic test, performance test, net positive suction 
head test, mechanical running test, relieving capacity, 
and calibration test.) 

Mill Test Reports - Mill test reports are furnished by 
the material manufacturer for the material supplier to - 
certify compliance with specifications. They contain 
information such as material manufacturer, purchaser, 
material specification, description of material furnished, 
heat number, chemical and mechanical properties, and 
results of test. There are instances where these are 
not necessary. (see Par. UC-11 (a) and UC-11 (c) 
of Ref. 2). 

Welding Procedure and Procedure Qualification Records - 
Welding procedure and procedure qualification test 
records are prepared and furnished by the manufacturer. 
They describe the welding procedure and record the test 
results ohtained in welding procedure and welder perfor- 
mance qualifications and the results of examinations of 
welding operators. These are illustrated in the ASME 
Boiler and Pressure Vessel Code, Appendix II, Section IX - 
Welding Qualifications. 

Record of Nondestructive Examinations - Nondestructive 
examinations reports are prepared by the manufacturer. 
When radiographic examinations are performed, the film 
usually remains in the possession of the manufacturer 
(for a period of 5 years in the case of equipment built 
to the ASlIE Boiler and Pressure Vessel Code). The 
minimum requirements for the reports are given in the 
applicable sections of Section V, Nondestructive 
Examination, of the ASME Boiler and Pressure Vessel Code. 

Pressure Test Record - The pressure test record is 
prepared and furnished by the manufacturer. 

7-2 



CIIAPTER 7: DOCUMENTATION 

t : ?15 

700 GENERAL 

1. This Chapter describes the recommended documentation 
for new and existing pressure vessels and systems. 

2. Some documents may be unobtainable for the existing 
of used items. IIowever, all documents that s..ge obtained 
should be retained on file. Suggested forms for main- 
taining this documentation are presented in Appendix A. 

701 DOCUMENTATION FOR NEW PRESSURE VESSELS AND SYSTEMS 

1. Manufacturer's Drawings - For components such as pressure 
vessels, vacuum vessels, wind tunnels, piping, and 
expansion joints, the drawings should be either the 
certified shop fabrication drawings or as-built drawings. 
The 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

I. 

4. 

k. 

1. 

m. 

drawings should contain the following: ~ 

WanufacturerWs name 

Dnte of ranufacturc 

Identification of component 

Configuration 

Dimensions and details of construction 

Design and operating conditions 

Design code or design basis 

Thicknesses 

Corrosion allowance 

Identification of materials and design properties 

Efficiency of joints 

Nondestructive examinations 

Types of tests (e.g., hydrastatic, pneumatic) 

2. For components such as pumps, compressors, valves, gages, 
and relief devices, the drawings should be the certified 
outline and cross-sectional drawings showing information 
such as make, model number, materials of construction, 
and design and operating data. 

7-l 



' 214 

TABLE 6-14 

INSPECTION FOR VACUUM SYSTEM COMPONENTS 

ACUUM VESSELS 

RELIEF VALVES 

INSTRUCTIONS AND NOTES: 

Volumes are water equivalent. 

I- Inspection 
R- Recertification 

6-20 



TABLE 6-13 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING 
HYDROGEN PEROXIDE (90%), NITROGEN 

TETROXIDE, INHIBITED RED FUMING NITRIC ACID 

IPING AND 
OMPONENTS 
ipe Diameter in 

centimeters 
(inches) 
EXPANSION JOINTS 
Diameter in 
centimeters 
(inches) 
FLEXIBLE HOSES 
PELIEF VALVES 

1(16) 

L 

Less than 40.7 
(16) I R 
40.7 and above 
96) I R 
p11 I R 
p11 I R 

INSTRUCTIONS AND NOTES: 
Diameters are nominal 

I- Inspection 
R- Recertification 

6-19 
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TABLE 6-12 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING 
FURFURYL ALCOHOL, KEROSENE (RP-1) 

iters (gallons) 

ipe Diameter 
n centimeters 

I- Inspection 
R- Recertification 

6-18 
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l < 2 1 s. 

TABLE 6-11 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING ANILINE 

Capacity in 
liters (gallons) 

OMPONENTS 
ipe Diameter 
n cm (inches) 

INSTRUCTIONS AND NOTES: 

I - Inspection 
R- Recertification 

6-17 
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TABLE 6-10 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING MONOMETHYL 
HyDRAZINE, HYDRAZINE, UD"Ht UDMHIHYDRAZINE 

SYSTEM COMPONENT TIME INTERVALS IYEARS) ' 
(VALUE UNITS) VALUE UNIT RANGE 1 2 5 10 20 

TANKS Less than 378.5 I R 
Capacity in (100) 
liters(gallons) 378.5-3,785 

(loo-1,000) I R 
3,785 and above 
(l,OOO)- I R 

Less than 12.7 
OMPONENTS 
ipe Diameter 
n cm (inches) 

INSTRUCTIONS AND NOTES: 
Diameters are nominal 

I- Inspection 
R- Recertification 

6-16 



TABLE 6-9 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING LIQUID RLOURINE 

ity in liters 

INSTURCTIONS AND NOTES: 
Diameters are nominal 

I- Inspection 
R- Recertification 

6-15 
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TABLE 6-8 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING 
LIQUIDS OF HYDROGEN, NATURAL GAS 

SYSTEM COMPONENT 
(VALUE UNITS) 

TANKS 
Capacity in liters 
(gallons) 

PIPING E COMPONENTS 
ipe Diameter in 
entimeters (inches) 
XPANSION JOINTS 
ELIEF VALVES 
LEXIBLE HOSES 

INSTRUCTIONS AND NOTES: 
Diameters are nominal. 

TIME INTERVALS (YEARS) ' 
VALUE UNIT RANGE 1 ] 2 1 5 1 10 1 20 
Less than 4,920 I I I I 
(1300) I R 
4,920 - 24,602 I R 
(1300-6500) I R 
24,602 (6500) and I R 
'above 
Less than 45.7(18) I R 
145.7(18) L above I R. 
I 

1 / J 
All I [R 

11' I [R 
11 P .R I I I 

I - Inspection 
R- Recertification 

6-14 



TABLE 6-7 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING LIQUID OXYGEN 

pacity in liters 

I 
XPANSION JOINTS than 61(24 I R 

Diameter in 61124) and above I R 
cm (inches) 
hLEXIBLE HOSES fill I R 

ELIEF VALVES bll I R I 1 

INSTRUCTIONS AND NOTES: 
Diameters are nominal. 

I- Inspection 
R- Recertification 

6-13 
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TABLE 6-6 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING 
LIQUIDS OF ARGON, HELIUM AND NOTROGEN 

e Diameter In 

iameter in cm 

ELIEF VALV 

INSTRUCTIONS AND NOTES: 
Diameters are nominal. 

I - Inspection 
R- Recertification 

6-12 



TABLE 6-5 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING WATER 
OR NONFLAMMABLE HYDRAULIC FLUIDS 

in liters 

iameter in 

INSTRUCTIONS AND NOTES: 
Diameters are nominal. 

I - Inspection 
R- Recertification 

6-11 
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TABLE 6-4 

INSPECTION FOR SYSTEM COMPONENTS 
CONTAINING GASEOUS FLUORINE 

SYSTEM COMPONENT TIME INTERVqT,S (YEARS~ 
(VALUE UNITS) VALUE UNIT RANGE 1 2 5 10 20 

PRESSURE VESSELS Less than 25.8 1 ~ R 
Pressure Times (13,000) 
Volume in lt9,. m3 25.8-133(13,000 - 

2 cm 67,000) I R 

PIPING t COMPONENTS Less than 5,900 
Pressure Times nn\ I R 

-Pipe Diameter 5,900-45,400 
squared in k 

2 

1 

2' cm2 
(13,000-100,000) I R 

1 
flb . in 

cm 45,400 (100,000) 
2 and above I R 

\in 

EXPANSION JOINTS All I R 

FLEXIBLE HOSES All I R 

RELIEF VALVES All I R 

INSTRUCTIONS\ AND NOTES: 
Volumes are water equivalent; diameters are nominal; 
pressures are gage. 

I - Inspection 
R- Recertification 

6-10 



TABLE 6-l 

INSPECTION FOR SYSTEM COMPONENTS CONTAINING 
GASEOUS ARGON, HELIUM, NITROGEN, DRY AIR 

RESSURE VESSELS Less than 10 
ressure Times 

, 

ressure Times 
ipe Diameter 

and above 

ameter Squared in 

ressure in kg 
er Square cm 

INSTRUCTIONS AND NOTES: 
volumes are water equivalent; diameters are nominal; 
pressures are gage 

I- Inspection 
R- Recertification 

6-7 



FIG.4 

SAMPLE INSPECTION AND RECERTIFICATION REQUIREMENTS FOR FACILITY "X" 

352 kg/cm2 (5000 PSI) AIR STORAGE VESSELS 

ESCRIPTION 

Complete 

15.2cm (6") Nozzles 

5 or 20 or 1 or 
NF=lOO 

2 or NF = 
200 N~=500 

10 or NF= 
1,000 NF=2,000 

VE VI&AET 

UT PT - 

5.08cm (2") Nozzles UT&PT 

All Heads UT-Long 

Vessels Heads to Cylinder Junctions RT&UT Shear 

Flanges BLT 

Relief Valves CRVT CRVTBVI 

IIssel 5.08 cm (2") Nozzle PT PT&UT 

Vessel UT-Shear UT-Shear 
#6 

Bottom Head to Cylinder Junction 

Bottom Head UT-Long UT-Long 

NF - Equivalent Full Pressure Cycles 

UT-Long - Ultrasonic Test Unising Longitudinal Waves 
UT-Shear - Ultrasonic Test Using Shear Waves 

RECERTIFICATION 

N. 
0 
0’ 



. 

Fig. 3 

SAMPLE INSPECTION AND RECKRTIFICATION FOR FACILITY "X" 
212 kg/ c-2 (3000 PSI) AIR PIPING 

r 

DESCRIPTION 
Complete System 

Vessel to Manifold Joints 

Manifold Exit Joints 

Downstream End Reducer 

15.2 cm (6") Tee Weld Joints 

15.2cm (6") Tee Inside Corners 

TEST METHOD F@Ql 
TIMEII Fw 

NF=4000 

UT-Shear 

UT-Shear 

NF - Equivalent Full Pressure Cycles 

UT-Shear - Ultrasonic Test Using Shear Waves 

RED AT 
Ems 
Id- 
NFZ& 

2u NFsoo 
VE 

UT-Shear 

UT&ear 

UT-Shear 

UT-Shear 

PT 

RECERTIFICATION 

4 



Fig. 2 

SAMPLE INSPECTION AND RECERTIFICATION REJ-2 UIRRGWB FOR FACILITY 
'1X" 70.4 wcm2 (1000 PSI) WATER SYSTEM 

TEST METHOD REQUIRED AT 

DESCRIPTION 1 2 5 10 20 

All Piping and Components VE UT-Thick UT-Thick 

Elbow #24 UT-Thick UT-Tick 

Valve #3 VE MT VI&MT 

Valves 1, 2, and 4 thru 14 VE VI 

Water Pump "A" VE VI 

Relief Valve CRVT&VE VI CRVT & VI 

UT-Thick - Ultrasonic Check for Thichess (Spot Check) 
RECF;RTIFICATION 



. . . :.. 197 

. 

3. 

4. 

environment and location (e.g., buried pipingO) 
An engineering analysis of service life, baaed on 
actual component thickness and expected rate of 
thickness loss per year, 1s necessary for the determina- 
tion of appropriate inspection and recertification 
intervals. 

Proximity of Personnel - An analysis should be made 
of peak overpressure in occupied areas resulting from 
a failure and the results should be applied in the 
selection of inspection periods. 

Stress analyses - Non-Destructive Examination (NDE), 
Materials Tests, Fracture Mechanics Evaluation, Code 
Evaluations, etc.- these analyses should be used to: 
(1) Determine the specific areas to be examined, (2) 
Determine the type of inspections and tests to be 
performed, and (3) Further develop the baseline table 
detail. 

603 EXAMP.LES 

Figures 2, 3, and 4 are provided as samples of tahles 
that could result from application of the above analyses. 
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conversions were made to establish value units 
convenient for use. Value units were modified 
in tables for which contents are toxic. Value units 
for piping were based on the energy contained in the 
piping for a selected distance on either side of a 
failure point and then modified for toxic contents. 

2. Destructive potential associate with the failure 
of a vacuum vessel is based upon vessel implosion 
with reduction of pressure in the surrounding area. 
The hazards of this type of failure are high velocity 
surrounding air movement, vessel fragmentation, and 
possible collapse of unvented sheltering structures. 

3. The component identification and the units fdr numerical 
values entered in the tables are shown in the first 
column. Once the appropriate table has been selected 
and the numerical value calculated for the component, 
the maximum time intervals are found in adjacent columns. 
As an exam?le, in Table 6-1, a pressure vessel having 
a water equivalent volume of 2.83 m3 (100 cubic feet) 
and containing dry air of 197 kg/cm2 (2800 psig)‘would 
have a pressure times volume value of 558 (280,000). 
This example would fall on the second line of the table. 
It would indicate that major inspections should be made 
at 20-year intervals for recertification and that 
additional inspections should be made at Z-year intervals 
to maintain certification status. 

602 DEVELOPMENT OF TABLES FOR SPECIFIC CASES 

The tables in this Chapter should provide a baseline for 
energy considerations and assist in priority setting. Some 
examples of additional considerations necessary for develop- 
ment of specific case tables are as follows: 

1. Cyclic Duty - The cognizant Pressure Systems Engineer 
should ensure that aocumentation for components in cyclic 
duty considers a fatigue analysis to determine the maximum 
number of cycles permitted and the remaining service life 
under the anticipated loading conditions. A fatigue 
analysis is required under the rules of the ASME Code, 
Scct1011 VIII, Division 2 (with some exceptions), and this 
analysis should be included in the documentation for 
the vessel. 

2. Corrosion and Erosion - Modification of the inspection 
tables is necessary for reduction of wall thickness 
due to corrosion or erosion. Internal system or 
component corrosion or erosion may be caused by the 
contnets and/or flow characteristics. External 
corrosion Or erosion is caused by the surrounding 
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CHAPTER 6: INSPECTION TABLES 

600 GENERAL 

1. The tables presented in this Chapter should be used for 
format and as a baseline guide for initially selecting 
recertification periods and intervening periods of 
inspection. They are based on consideration of variations 
in energy levels and toxicity. They should be modified 
to consider cyclic duty, corrosion and erosion. Further 
modifications should be made to account for location 
with respect to proxinity of personnel and equipment. 
The analysis conducted for determination of the areas 
to be examined and methods of examination may indicate 
that the use of equivalent full pressure cycles instead 
of number of years of operation, or a combination thereof, 
provides a more appropriate baseline for the inservice 
inspection and recertification program. - 

2. Tests, test methods and intervals used for specific 
systems should be based on detailed analyses' and 
examination in the following, areas and the 'plan should 
be established with consideration of the (1) potential 
for destruction in the event of a failure (2) possible 
failure modes, and (3) probability of occurrence of each: 

Stress 
Non-Destructive Examination (NDC) 
Materials Tests 
Stability (to include seismic) 
Operating Pressure and Temperature History 
Fatigue 
Fracture Mechanics (including net section stress) 
Code Evaluation 

3. Results should be fully documented to clearly show how 
the detailed analyses and examination, when considered 
on an integrated basis, provide appropriate safety for 
the service life of the system. It should include the 
rationale for deviations from codes or this guide and 

!provide support for the resulting inservice inspection 
and recertification plan. 

601 CONSTRUCTION OF INSPKCTION TABLES 

1. Inspection tables are presented on the basis of system 
contents. Some possible hazards of a vessel failure are 
pressure shock waves, vessel fragmentation, explosion, 
release of flammable contents, and release of toxic 
or corrosive materials. The destructive potential 
associate with the failure of a pressure vessel was 
established, ranges of energy levels were selected and 
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in Chapter 7. The recertified equipment should be 
marked or tagged to indicate date of recertification 
and service level and it should be indexed to the 
recertification data file. 

m. Establish Periodic Inspection Program - Periodic 
inspection is necessary to ensure that a system main- 
tains its certification status. Results of inspections 
and tests performed for certification should provide 
the base for establishment of a comprehensive inservice 
inspection and recertification plan. The plan should 
provide surveillance over critical areas to provide 
confidence in structural integrity between recertifica- 
tion periods. 

502 USED PRESSURC VESSELS AKD SYSTENS TO BE PUT IN NEW SERVICE 

When the need arises to put used systems or components into 
a new service, they should be recertified under the following 
conditions: 

1. The system or component is going into service at a 
higher pressure or a higher or lower temperature than 
the original service. 

2. The component has been removed from a system and stored 
without appropriate environmental protection. 

3. The component was received from another HASA field 
installation, another agency, or any other source. 

4. There is a change of content to the extent that a new 
inspection table would be used. 

503 PRESSURE VESSELS AND SYSTEMS ON STANDBY 

Vessels and systems on standby, either with or without 
pressure, should be treated as though in continous service 
and an appropriate recertification program should be main- 
tained to meet the conditions for which it is standing by. 
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examinations, such as radiography, ultrasonics, and 
magnetic particle testing, or combinations thereof. 
Proof testing should be applied only when analysis 
has been performed that proves that data derived fron 
the test is useful in determining the components' 
integrity and remaining useful life. 

I. Perform Inspections and Tests - The inspections and 
tests determined above should be performed. 

j. Document Inspections and Tests - The inspections and 
tests should be documented as recommended in Chapter 7. 

k. Review Inspection and Test Results - The inspection 
and test results should be reviewed to determine if the 
system is qualified for recertification at the intended 
service. If the system is adequate for rccertific_ation, 
the recertification file should be completed and a 
periodic inservice inspection and recertification 
program documented for continued use. If the system 
cannot be recertified, there are three alternative 
actions that can be taken: derate, repair, or perform 
an engineering analysis to determine a new basis for 
recertification. 

(1) Deratc the System - The systerl may be derated 
to less severe service conditions on a permanent 
or temporary basis. Temporary derating will allow 
the system to be operated at a safe service level 
during the time it takes to make modifications or 
to develop an engineering rationale sufficient to 
certify the system for the original service. 
Completion of inspections and tests may be 
accomplished to certify the derated system for the 
lower service. 

(2) Repair the System or Components - The system 
may be repaired and returned to a condition that 
can be recertified. Following the repairs, the 

/ pertinent inspections and tests should be perforned 
and documented. 

(3) Perform Engineering Analysis - An engineering 
evaluation may be performed to determine the 
service level or operating condition for which the 
system can be certified. When the new basis has 
been determined, the pertinent inspections and 
tests should be performed and documented. 

1. Complete Recertification File - Recommendations 
concerning the information to be recorded and the 
appropriate documentation to be maintained are included 
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e. Documentntion Conpletc - If the documentation is 
complete, proceed to define inspections and tests. 

f. Documentation Incomplete - If the documentation 
is incomplete either of two alternative actions can 
be taken: obtaining missing documentation or 
generate equivalent documentation: 

(1) Obtain Efissiny. Documentation - Obtain the 
missing documentation from the manufacturer or 
fabricator, complete the documentation file 
and proceed to define inspections and tests. 

(2) Generate Equivalent Documentation - Generate 
the equivalent of the missing documentation. 
Among the steps that may be necessary are: 

(a> 

(b) 

(cl 

((1) 

(cl 

(f) 

Identification of the materials used in 
constructing the components 

Measurement of the components including 
wall thickness 

7 

Determination of weld type (to establish 
joint factor) and condition (inclusions 
and voids) 

Kxecution of an equivalent fabrication 
drawing 

Pressure testing 

Stress calculations 

c l 
Analyticill Procedures - the analytical procedures used 
may vary with the circumstances of each case, such as 
the age of the component, service conditions, and type 
of component. Consequently, each case should be 
consFclcrc!d separately. 

h. Define Inspections and Tests - Inspections and tests 
should be defined through analysis of the documentation. 

NOTE: Pressure testing is not broadly recommended 
because of its questionable value, the contamination 
problens associate with hydrostatic testing of clean 
systems and the hazards associate with pneumatic 
testing. However, there are cases where proof testing 
is desireable, such as when the safety of structural 
adequacy cannot be determined by design calculations; 
or when repairs, alterations, or modifications cannot 
bc adequately examined through the use of nondestructive 
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CHAPTER 5: PROCEDURES 

500 GENERAL 

This Chapter describes the recommended procedures for 
inservice inspection and recertification of pressure vessels 
and systems, including those in service, used vessels and 
systems being put into new service, and those on standby, 

501 PRESSURE VESSELS AND SYSTElIS IEI SLRVICE 

1. The procedure for recertifying pressure vessels and 
systems in service and defining periodic'inspection is 
illustrated in Figure 1. The individual activities are 
described in the following subparagraphs: 

a. Define Pressure Systems - The system should be 
defined by means of a schematic that identifies, 
describes, and inventories each component and its 
location. Service parameters such as system contents, 
pressure, temperature, and cyclic operation should 
be part of the system definition. A technical and 
safety review of the system should be included. 

b. Identify Categories of Systems and Components - 
Each component within the system should be identified 
and placed in one of the following categories: 

Pressure Vessels (as defined in Chapter 3) 
Tanks (as defined in Chapter 3) 
Vacuum Vessels (as defined in Chapter 3) 
Flexible Dose 
Expansion Joints 
Relief Valves 
Piping and Piping System Components 

(Should include pipe, pipe fittings, valves, 
pumps and compressors and all other pressurized 
components within the system not singled out in 
one of the above categories.) 

C. Review Records of Certification of Each Component - 
All documents pertaining to the certification of the 
component at the time of installation should be 
obtained and reviewed. 

d. Compare Records With Recommendations - The actual 
certification documents on hand should be compared 
with the recommended documentation to determine 
whether the records are complete or incomplete. The 
recommendations for a .complete certification 
documentation package are defined in Chapter 7. 
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VET 

VI 

XLT 

Loose nuts, bolts, or other parts 
Excessive vibration 
Abnormal noise 
Overtemperature or abnormal heat leakage 
Discrepancies in gage readings 
Pipe hanger condition 
Flex hose anti-whip devices 
Frost on vacuum jacketed lines 
Obstruction in relief valve vents 

Particular attention shall be directed to welds, nozzles 
and other discontinities. 

A test of volumetric expansion of a pressure vessel 
or component to determine the stress and strain 
relationship. This test is performed in the same 
way as the standard hydrostatic test (see symbol 
H 150) but with additional equipment to measure 
the expansion of the vessel, either by displacement 
of water from a jacket around the vessel or by a 
direct expansion method in which-the volume of water 
added to the interior of the vessel is measured. 

Visual examination (internal) is a visual survey 
of the internal surfaces of the vessel or pressure 
system component. Where access to the interior is 
difficult, aids such as borescopes or fiber optics 
should be used to enable a thorough examination 
of all critical areas. Components such as valves or 
compressors are to be disassembled in accordance with 
the manufacturer's instruction manual. Examples of 
conditions to be observed are: 

Corrosion or erosion 
Mechanical wear or damage 
Cracking (especially at welds and areas 

of known stress concentration) 
Bulges or blisters 
Losse bolts or other parts 
Overtemperature (scaling) 
Internal leakage, for instance between coolant 

or lubricant channels and gas flow passages. 

Other leakaqe tests such as the rate of pressure 
change in a sealed-off system. By closing valves 
to isolate different parts of the system, the leaking 
section can be located. 
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P 125 

SLT 

ST 

TT 

UT 

VE 

A pneumatic* test of the vcsscl or component I.(> ji5 
percent of the maximum allowable working pressure, 
A gas complying with clcanlincss requirements for the 
vessel or component will be used. Note: Test levels 
other than 125 percent arc specified by various codes. 
Symbols should be keyed to the percent of working 
pressure, e.g., Paragraph 115 for an ASME Code, 
Section VIII, Division 2 pneumatic test. 

Leak detection usinq a sonic detector is applicable 
in pressurized systems during operations, irrespective 
of the types of gas in the system 

Strain measurement tests include three different types 
of tests that may be used to find the yield point 
of the material, and hence the maximum allowable 
working pressure. The tests include the brittle 
coating test (Ref. 2, Para. UC.-101 (1) 1, and the 
strain gage method (Ref. 2, Para. UC-101 (n) 1, 
and the displacement measurement test (Ref. 2, Para. 
UG-101 (01 1. 

- 

Thickness measurement (by methods other than ultra- 
sonic testing, Symbol UT) refers generally to thickness 
measurements made by standard mechanical methods such 
as calipers, micrometers, and dial gaqes. Methods 
such as X-ray diffraction may also be included. 
Location of places where thickness checks have been 
made shall be documented so that measurements can be 
made at the same place in subsequent inspection. 

Ultrasonic inspection is used to examine the material 
(including welded joints) for internal discontinuities 
and for thickness checks have been made shall be 
documented so that measurements can be made at the same 
place in subsequent inspections. 

Visual examination (external) is a visual survey of 
the external surfaces of the vessel or other pressure 
system component, following a pre-arranged plan to 
ensure that all critical areas are included. The 
details of the examination will be governed by the 
function and design of the component. Examples of 
conditions to be observed arc: 

Corrosion (especially under insulation) 
Mechanical damage 
Cracking (especially at welds and areas of 

known stress concentration) 
Bulges or blisters 
Leakage 

*See Page 4-2 
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H 150 

MLT 
- 

MT 

PT 

P 100 

A hydrostatic test of the vessel or component to 
150 percent of the maximum allowable working 
pressure. Clean water with a practical minimum of 
dissolved or suspended solids shall be used, unless 
an alternative fluid is permitted by an approved 
written procedure. Such an alternative fluid should 
be nonflammable and noncontaminating to the system 
or component. (Caution: Compatibility of test 
fluid with materials of construction must be confirmed 
to prevent subsequent damage, such as stress corrosion 
cracking. Also, assurance must be obtained that all 
water will be removed and the system dried immediately 
after test.) Note: Test levels other than 150 
percent are specified by various codes. Symbols 
should be keyed to the percent of working pressure, 
e.g., H 125 for an ASME Code, Section VIII, Division 
2 hydrostatic test. 

Leak detection by helium mass spectrometer has very 
high sensitivity for systems filled with helium. The 
hood method (Ref. 1, Para. T-1060) has greater 
sensitivity than the sniffer method (Ref. 1, Para. 
T-1050). Using helium as a tracer gas, the helium' 
mass spectrometer is also the preferred instrument 
for leak detection in vacuum vessels and vacuum 
insulating jackets. 

Maonetic particle examination is a method for detection 
of cracks and other surface defects in ferromagnetic 
materials. It will also show discontinuities below 
the surface but at reduced sensitivity. For good 
results, the surface being examined should be free of 
irreqularitics, dirt, oil, etc. Magnetic particle 
examination may be performed in accordance with 
Reference 1, Paragraph T-751, Article 25. 

Liguid dye pcnetrant examination is a widely applicable 
method (or group of methods) for detection of cracks 
and other surface defects in all types of metals. 
See Reference 1, Article 6 and 24, for guidance. 

A pIIeutrrdci.c* test ot' the vessel or component to 100 
percent of the maximum allowable working pressure. 
A gab complying with the cleanliness requirements of 
the vessel or component will be used. 

l Pneumatic (also called pneumostatic) tests are potentially 
hazardous and all personnel must be excluded from the hazard 
zone, see Reference 3, Figure 5-2, "Restricted Distance for 

Pneumatic TestincJ." Pneumatic tests should be made following 
an approved written test procedure. For guidance in preparing 
for the test, see Reference 3, Section S (d), "Pneumatic 
Pressure Strenqth Test." 
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CHAPTER 4: TEST METHODS 

400 APPLICABILITY 

The teet methods applicable to pressure vessels and 
systems are listed in alphabetical order of the symbols used 
in this 8utde: 

Symbol Description of Test Method 

AET Acoustic emission is a method for detecting flaw 
growth and relative rates of growth. 

BLT Leak detection by bubble test is used for pressurized 
systems, either during operation or under special 
test conditions, and is not dependent on the type 
of gas in the system. It can be used at pressures up 
to the maximum allowable working pressure; 
reference 1, Paragraph T-1025, permits pressures as 
low as 15 percent of the working pressure, or 4.22 
kg/cd (60 psi), whichever is the lower value. 

CRVT 

ET 

HLT 

Certification test of the relief valve to verify the 
set pressure and reseatinq capability. Gas complying 
with the. cleanliness requirements for the system 
containing the relief valve shall bc used, except 
valves for steam service must be tested with steam, 
and valves intended for liquid service may be tested 
with water (see ref. 2, Para. UC-135.4). 

Eddy current examination is an inspection method 
utilizing electromagnetically induced, closed path 
alternating currents to evaluate material soundness. 
Applications of eddy current testing 
include metal properties, detection of cracks, voids, 
and inclusions. Since it has limited penetrating 
ability, this technique is applicable to thin 
materials or for surface and near surface defects in 
thick materials. Eddy current examination may be 
performed in accordance with reference 1, Article 8 
and 26. 

Leak detection by a halouen diode detector required 
that the vessel or system being tested must contain 
a gas or liquid containing one of the halogen elements 
(flourine, chorine, bromine, or iodine). The method 

may be applied to other systems by using a tracer 
gas; several suitable gases are listed in Reference 1, 
Paragraph T-1041.3. 
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24. Vacuum Vessel - A vessel in which the internal 
pressure has been reduced to a level less than that 
of the surrounding atmosphere. 
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16. Pressure Vessel - Any vcsscl used for the Storage or 
handling of qas or liquid Under positive pressure. 
Included are components of systems, such as, heat 
exchanger shells and drying towers and other shell 
structures for which the rules of the ASME Code, 
Section VIII would apply. 

17. Proof Test - A pressure test performed to establish 
the maximum allowable workinq pressure of a vessel, 
system, or component thereof, (1) when the strength 
cannot be computed with a satisfactory assurance of 
accuracy, (2) when the thickness cannot be determined 
by means of the dcsiqn rule of the applicable code 
or standard, or (3) when the critical flaw size to 
cause failure at the certified pressure cannot be 
identified by other. nondestructive test methods. This 
test shall be performed in a manner equivalent to one 
of the methods specified in Paragraph UG-101 of the 
ASHE Boiler and Pressure Vessel Code,-Section VIII, 
Division 1, latest edition. 

_/ 
18. Recertification - The procedure by which a previously 

certified vessel or system, by appropriate tests, 
inspections, examinations, and documentation, is 
qualified to continue or be returned to operations 
at the designed pressure. 

19. Recertification Period - The period of time between 
recertification when a certified status is maintained 
throuqh documented periodic examinations and inspections 
to determine vessel or syctcm condition (time between 
major inspections). 

20. Relief Valve Set Pressure - See paragraph UC-125, 
Section VIII, Division 1, ASME Boiler Code and Part AR, 
Section VIII, Division 2, ASME Boiler Code. 

21. Tank - Any vessel used for the storage or handling 
ofliquids where the internal pressure is only a 
function of the liquid head or a combination of 
liquid head and vapor pressure. 

22. Unfired Pressure Vessels and Systems - In the context 
for which this phrase is used in this guide it is 
intended to cover all pressure vessels and pressurized 
systems for which inservice inspection is not other- 
wise covered by codes and standards. 

23. Vacuum System - An ilSSClllbly of components under 
vacuum, including; vessels, piping, valves, relief 
devices, plumps, expansion joints, gages, etc. 
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10. 

11. 

12. 

13. 

14. 

1s. 

I 

using nominal thickness exclusive of any allowances 
for corrosion or loadings other than pressure, and 
adjusted for any difference for static head that may 
exist between the part considered and the top of 
the vessel. 

National Consensus Standard - Any standard, or modifi- 
cations thereof, which (1) has been adopted or 
promulgated by a nationally recognized standards- 
producing organization under procedures whereby it 
can be determined by the Secretary of Labor or by the 
Assistant Secretary of Labor for Occupational Safety 
and Health that persons interested and affected by 
the standard have reached substantial agreement on 
its adoption, (2) was formulated in a manner that 
afforded an opportunity for diverse views to be 
considered, and (3) has been so designated by the 
Secretary or the Assistant Secretary, after consulta- 
tion with other appropriate Federal Agencies. A 
standard, as used in this definition, requires condi- 
tions or activities necessary or appropriate to 
provide safe and healthful employment and places 
of employment. 

Operating or Working Temperature - The metal tempera- 
ture that will be maintained in the part of the vessel 
under consideration during normal operation. 

Operating Pressure - The pressure at the top of a 
vessel at which it normally operates. It shall not 
exceed the maximum allowable working pressure. 

Pneumatic or Pneumostatic Test - A test performed on 
a pressure vessel or system in which air or gas is 
introduced and pressurized to a designated level in 
a manner prescribed in the applicable code. 

Pressure System - An assembly of components under 
pressure, including vessels, piping, valves, relief 
devices, pumps, expansion joints, gages, etc. 

'Pressure Systems Engineer - A person who has the 
necessary qualifications to evaluate designs with 
respect to code conformance and the authority to 
perform, or cause to be performed, the evaluation 
of results or any and all tests, inspections, and 
examinations performed on pressure systems in order 
to determine the next period of inspection, derating 
requirements, rerating requirements, modifications, 
repairs, etc. 

3-2 



,182 

- 

CHAPTER 3: DEFINITIONS 

300 GENERAL 

1. Certification - The documented status that qualifies 
a vessel or system to operate in the service for 
which it is intended. 

2. Derated Vessel or System - A vessel or system that has 
been judged to be unsafe, unsuitable, or unnecessary 
for continued operation at its original design pressure 
and/or temperature limits, and has been recertified 
to operate at a lesser pressure and/or temperature 
limit range. 

3. Design Pressure - The pressure used in the design of 
a vessel for the purpose of determining the minimum 
required thickness of the components of the vessel. 
When applicable, static head shall be added to the 
design pressure. 

4. Design Temperature - The metal temperature used in 
the design of a vessel for determining the minimum 
required thickness of the components. Also, the 
metal temperature used for selecting the maximum 
allowable stress for the materials used in the 
vessel. 

5. Efficiency of a Welded Joint - A numerical (decimal) 
quantity expressed as a multiplier of the allowable 
stress value used in the design of a joint. 

6. Hydrostatic Test - A test perf0rme.d on a pressure 
vessel or system in which the vessel or system is 
filled with a liquid (usually water) and pressurized 
to a designated level in a manner prescribed in the 
applicable code. 

7. 

8. 

9. 

Inservice Inspection - Inspection performed after a 
system has been initially put into service. The 
system may have to be inoperative during such 
inspection. 

Maximum Allowable Stress Value - The maximum unit 
stress permissible for a specific material used in 
the appropriate design formulas. 

Maximum Allowable Working Pressure - The maximum 
pressure permissible at the top of a vessel in its 
normal operating position at the coincident operating 
temperature. It is the least of the values found 
based on calculations f or every element of the vessel 



of less than 2.83 cubic meters (100 cubic feet), 
piping, expansion joints, and valves (excluding 
relief) are not shown in Table 6-14, since these 
components represent relatively small Volumes. 
This exclusion is based on the performance of 
normal routine preventive and corrective main- 
tenance. 

- 
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h. Pressure gages 

I. Instrumentation 

I 

Covered by:. 
Feeera Spec. AG-G-76 

Covered by: 
Manhfacturer's installa- 
tion, operation, and 
maintenance instructions 

2. Many pressure vessels and systems in use at the NASA 
field installations fall into a utility category 
and present a minimum potential hazard. Vessels and 
systems used in conjunction with water heaters, space 
heaters, and similar general utility services utilize 
pre6surized fluids at pressure levels and capacities 
that allow exclusion from this guide on the basis of 
performing normal routine preventive and corrective 
maintenance. Guidelines for such exclusions are as 
follows: . 

-a. Component exclusion limits for uncontaminated air: 

(1) Pressure vessels: Value units (pressure 
times vol me) 

Y 
not greater than: 

lO&*m (5,000 psi l ft3 ) and pressures 
cm 

not greater than 8.8 kg/cm2 (125 psig) with 
contents between ambient temperature and 
54.4' C(130° F) 

(2) Piping and components: Value units (pressure 
times diameter squared) not grea er than 
14,500 kJ . cm2 (32,000 psi l in 5 ) 

cm 
and pressures not greater than 8.8 kg/cm2 
(125 psig) with contents between ambient 
temperature and 54.4O C(130° F) 

b. Component exclusion limits for water: 

(1) Tanks: Value rtnlcs (capacity) not Ereater 
than 113,550 liters (30,000 gallons) 

\ 
(2) Piping and Components: 

Value units (diameter) not greater than 61 
centimeters (24 inches) 

C. Ctmponent exclusion for Vacuum Systems: 

Because of relatively small pressure variations 
from atmospheric, the potential hazard of vacuum 
system components has been evaluated on the basis of 
volumetric considerations. Recertification and 
Inspection of components such as vacuum vessels 
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CHAPTER 2: EXCLUDED ITEMS 

GENERAL 

1. The items listed in this Chapter are excluded from 
this guide because inservice inspection is covered 
by a national consensus standard or they do not 
present sufficient hazard to require other than 
normal routine maintenance: 

a. Fire extinguishers Covered by: 
Federal Register 
Vol. 37, No. 202, 
Title 29 - Labor, 
Chapter XVII - OSHA 
Part 1910, Subpart L 

(1) Portable 
(21 Standpipe and hose systems 
(3) Automatic sprinkler system 
(4) Fixed dry chemical 

extinguishing systems 
(5) Carbon dioxide extinguishing systems 
(6) Halogenated extinguishing agent systems 

b. Heating boilers 

C. Power boilers 

d. Nuclear reactor coolant 
systems 

6. Air-Pak rescue equip- 
ment or other breathing 
appartus 

, 

f. Mobile equipment for 
gases and liquids 

9. Heating, ventilation, 
air conditioning, and 
referigeration systems 

ASME Code, Sec. VI 

ASME Code, Sec. VII 

ASME Code, Sec. XI 

Covered by: 
Federal Register 
Vol. 37, No. 202 
Title 29 - Labor, 
Chapter XVII - OSHA, 
Part 1910, Subpart I, 
Sections 1910.134, -138, 
.139, ,140 

Covered by: 
Department of Transporta- 
tion (DOT) Regulations, 
Part 178 

Covered by: 
Manufactuers's instal- 

lation operation, main- 
tenance instructions 
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CHAPTER 1: SCOPE 

-100 PURPOSL 

1. 

2. 

3. 

4. 

5. 

This guide inClUd66 recommendation6 for inservice 
inspection and recertification of ground based, 
unfired prrssura vessrls and all pressurized 
rystoms including those Served by fired pressure 
vrssels hereinafter referred to as pressure 
vo66e16, SySt6lllS and COlllpOnOntS Of SySt8IIIS. 

It covars the vast array of ground based industrial 
and l pecial purposr pressurized components and 
syrtems used it NASA field installations for 
research and devrlopment and those utility systems 
and components that rrquire more than routine 
naintrnanae to insure continued structural integrity 
for thrir useful life. Through surveillances and 
corrrotion of insrrvice deterioration, NASA will 
maintain l safe working environment for their own 
and contractor personnel, safety for the public 
sector and protection against loss of capital 
investment. 

ItOm excluded from this guide, are defined in 
Chapter 2. 

Coverage include6 test methods, system and component 
aatrgorization, recertification procedure6 and 
documentation, and inservice inspection to support 
and maintain certification status. Recommended 
docuaontation forms are included in Appendix A. 

THIS GUIDE DOES NOT REPLACE EXISTING ROUTINg 
QPtRATIONS AND MAINTENANCE INSPECTIONS. SyS t86l 
end component ch6cks must be made on a continuing 
systematic baSi6 at the beginning of each shift, 
prriodically during runs, weekly or at other 
interval6 of time, based on service history and 
oriticality. Such check6 are normally visual and 
audible to evaluate change6 related to vibration 
or gas leak6 ohocks of instrumentation, etc., for 
indication6 of potential failures. Protective 
ooatings on pre66UriZOd component6 must also be 
maintained on a COntfnUiXIg basis. 

l-l 



Fig 2 Sample Inspection and Recertification 
hqUir8mentS for Facility "X," 70.4 
kg/cm2 (1,000 psi) Water System 

Pig 3 Sample Inspection and Recertification 
Requirements for Facility *X,* 212 kg/cm2 
(3,000 psi) Air Piping 

Fig 4 Sample Inspection and Recertification 
for Facility *X,* 352 kg/cm (5,000 psi) 
Air Storage Vessels 
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PREFACE 

Date: January 19, 1976 

This guide, NHB 1700.6, is published for the purpose of establish- 
ing an outline of inservice inspection and recertification proce- 
dures for ground based, unfired pressure vessels and s-terns. It 
shall not replace the normal routine repair and maintenance 
proqrams now in effect. 

Systems and components are categorized, baseline inspection and 
recertification time intervals are presented in tabular form, 
and a type and format of documentation is recommended. 

It is intended that each field installation use this guide and 
other applicable documents to define the detailed requirements 
and procedures for the specific vessels and systems over which 
it has cognizance. 

This guide is highly dependent on application by qualified 
pressure systems engineers and NASA-wide uniform application 
is dependent on good communications amonq the field installations. 

Acting Director, 
and Environmental Health 
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Appendix 0 

CPV TYPE UNION NUT TORQUES AND VENT HOLE SIZES 

TORQUE FT. LB. VENT 

SIZE HOLE 
MIN. MAX. DIAMETER 

118 10 25 1116 

l/4 10 25 l/l6 

3/8 12 30 l/l6 

l/2 15 40 3132 

3/4 20 50 3i32 

1 4, 2s 60 3132 

1 l/4 30 75 l/B 

1 l/2 35 90 118 

2 " 45 120 l/8 

-Drill 3 vent holes as shown- 
See table for sires 

NOTE Holes required when used above 3000 prr 
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LHB 1710.41 

~.-4 PREFACE 

This handbook, part of the Langley Research Center (LaRC) Safety Manual, sets forth 
minimum safety requirements and standards for evaluating socket and branch 
connection welds within the framework of LaRC safety policies and constraints. It 
provides professional designers and craftsmen a basis for safety and uniformity in 
the design and fabrication of welded piping systems. 

LHB 1710.41, dated May 1984, is rescinded and should be destroyed. 

Deputy Director 

DISTRIBUTION- 
SOL-039, SOL-043, and SOL-054 - LaRC Safety Manual Holders 
429/Systems Safety, Quality and Reliability Division (100 copies) 
436/FaciIities Engineering Division (100 copies) 
397/Fabrication Division (100 copies) 
123/Directives & Forms Management Office, IS8 - MSD (10 copies) 
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Chapter I 

SCOPE 
-- 

This specification shall be utilized for the nondestructive evaluation of socket and 
branch connection welds at Langley Research Center (LaRC). Socket fittings include, 

. but are not limited to, all common pipe fittings - tees, elbows, couplings, caps, 
flanges, unions, and valves. In addition, the exterior weld of slip-on flanges shall be 
inspected using this specification. Branch connections are defined a:$. Weld-Q-Let, 
Sock-O-Let, Thread-O-Let, or other similar commercial fittings and include modified 
components such as couplings. 

l-1 
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Chapter II 

INSPECTION TECHNIQUES 

Four nondestructive evaluation techniques may be utilized exclusively, or in 
combination, to inspect socket type and branch connection welds. These techniques 
are visual, radiographics, magnetic particle, and dye penetrant. Under special 
circumstances, other techniques (such as eddy current or ultrasonics) may be 
required and their application shall be guided by the appropriate sections of the 
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code 
(B&PVC). 

273 
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L. 
VISUAL INSPECTIONS 

Chapter III 

Socket and branch connection welds shall be inspected for surface defects using 
visual techniques. 

Visual inspections within the scope of this specification shall be restricted to the weld 
contour and adjacent pipe and fitting surfaces. Inspections shall be conducted in 
accordance with the most current editions of the American National Standard 
Institute (ANSI)/ASME Code 831.3, and the ASME B&PVC, Section V, Article 9, with 
the following modifications: 

A. Inspection Personnel 

1. Inspection personnel shall be currently certified under a plan based on 
recommended practice SNT-TC-1A to a minimum of Level II. 

2. Inspectors shall have successfully passed an eye examination, to 
demonstrate near distance acuiry such as the J-2 letters on a standard 
Jaeger Test Chart, in accordance to the following schedule: , 

Under age 35, every 12 months 
Over age 35, every 6 months 

B. Inspection Condition 

w’ Unless otherwise specified, all welds shall be contour ground and free of rust, 
scale, slag, or other conditions that would obscure the surface condition. 

C. Acceptance Criteria for Socket and Branch Connection Welds 

1. Fillet size - weld fillets shall comply with the requirements of the current 
edition of ANSI 631.3. In lieu of a specified pressure design thickness “t,” 
the nominal pipe wall thickness “Tw” shall be substituted. (See Appendix, 
Figures 1 and 2.) 

2. Weld Surface 

a. The weld surface and adjacent base metal shall be free of cracks, 
incomplete fusion (IF), arc strikes, weld spatter, gouges, mishandling 
marks, and other sharp surface irregularities. 

b. The weld fillet shall blend uniformly into the pipe wall and fitting rim. 
The undercut shall not exceed the lesser of l/32 inch or Tw/4 
CrW = nominal pipe wall thickness). 

c. Surface porosity and/or slag is not permitted. 

(See Appendix, Figures 3 through 6 for examples of these irregularities.) 
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3. Misalignment - unless otherwise specified, axial misalignment, between 
the pipe and fitting, shall not exceed 5”. 

- 

0. Inspection Report 

Upon completion of visual inspections, the inspecting organization shall furnish 
a report containing, as a minimum, the following information: 

1. System identification 

2. Drawing number 

3. Location 

4. Sketch or description of each component/weld 

5. Material type 

6. Surface condition 
- 

7. Discrepancies noted 

8. Inspector’s name 

9. Inspection data 

10. Contract number 
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.-. 
RADIOGRAPHIC INSPECTIONS 

Chapter IV 

Socket and branch connection weld joints shall be inspected for defects using 
radiographic techniques. 

These radiographic inspections shall be conducted in accordance with the most 
current edition of the ASME B&PVC, Section V, Articles 2 and 22, as modified by the 
following paragraphs. Any item not specifically herein addressed will revert to the 
provisions of Section V. 

A. Personnel Qualifications 

All inspection personnel shall be qualified in accordance with the American 
Society for Nondestructive Testing (ASNT) SNT-TC-1A “Recommended Practice 
for Nondestructive Testing .Personnel Qualification and Certification.” 
Personnel qualified to Level I shall be utilized only under the field supervision of 
Level II or Ill inspectors. In addition to the above requirement, radiographic 
interpreters shall have demonstrated acuity as specified under Chapter III, 
Paragraph A2 of this handbook and shall be familiar with weld fabrication 
techniques. 

B. Safety 

All radiographic inspection operations conducted at LaRC shall be in accordance 
k with applicable Nuclear Regulatory Commission (NRC) regulations and shall, in 

addition, be in compliance with LHB 1710.5, “Ionizing Radiation” (included in 
the LaRC Safety Manual). 

C. Surface Preparation 

Unless otherwise specified, all welds shall be contour ground and free of surface 
irregularities which could mask or be confused with discontinuities. 

0. Direction of Radiation 

1. Socket welds - Each socket weld exposure setup shall be aligned so as to pass 
the radiation central ray parallel to and in line with the socket rim. (See 
Appendix, Figure 7.) 

2. Branch Connection Welds - Each branch connection weld exposure setup 
shall be aligned so as to pass the radiation central ray in a tangent to the 
run pipe external surface. Two views shall be imaged as follows (see 
Appendix, Figure 16): 

View 0 -with the central ray perpendicular to the run pipe axis 

View 1 -with the central ray offset 25-35 degrees from View 0 
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NOTE: Branch connections over 6 inches in diameter (0.0.) may require a* -. 

additional exposures or alternate techniques at the discretion of the 
NASA-NDE Radiograph Interpreter. 

3. These requirements may, at the discretion of the NASA NDE Radiograph 
Interpreter, be relaxed to allow the simultaneous exposure of closely spaced 
weld joints. Three views of each weld joint taken at 60” to each other is the 
-minimum acceptable coverage for pipe having a nominal size greater than 
1 inch. For pipe having a nominal size of 1 inch or less, two views of each 
weld joint taken at 90” to each other is the minimum acceptable coverage. 
(See Appendix, Figure 7.) 

E. Shim Block Thickness, Size, Material 

1. The shim block thickness shall be established for each joint by utilizing the 
formula: 

For socket 2Tw + R 
For Branch 2Tf + R 

where _ 

T f = the nominal fitting single wall thickness T 
Tw = the nominal pipe single wall thickness 
R = the component of weld reinforcement measured perpendicular to 

the pipe axis at the fitting edge rim. (See Appendix, Figure 1 for 
socket welds and.Figure 15 for branch connection welds.) 

2. The shim block shall be of sufficient size to allow placement of a 
penetrameter and identification markers. Shim material shall be 
radiographically similar to the subject weld/pipe material. 

F. Penetrameter Selection and Essential Holes 

The penetrameter selection shall be based on the calculated shim thickness as 
follows: 

SHIM THICKNESS 
J2Tw + R) OR (2Tr + RI 

0 thru 0.375 
Over 0.375 thru’0.625 
Over 0.625 thru 0.875 
Over 0.875 thru 1 .OO 
Over 1.00 thru 1.50 
Over 1.50 thru 2.00 
Over 2.00 thru 2.50 

ESSENTIAL 
PENETRAMETER HOLE 

10 4T 
12 4T 
15 4T 
17 4T 
25 2T 
30 2T 
35 2T 
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G. ’ Identification Markers 
278 

Weld numbers shall be permanently marked on each inspected joint. tf the 
radiographic view depicts more than one weld joint, identification numbers 
shall be included in the image to positively identify each weld. Film printer 
identification techniques are prohibited. Each radiograph shall, as a minimum, 
have the following information permanently included in its image: 

1. Weld number 

2. View number 

3. NASA Quality Assurance (QA) or contract number 

4. Radiographic contractor identification 

5. Date of exposure 

6. NASA drawing number 

H. Shim Block/Penetrameter Placement 

The shim block with identification numbers and penetrameter shall be aligned 
parallel to the subject pipe axis with the penetrameter center adjacent to the 
socket rim. (See Appendix, Figure 7 for socket welds and Figure 16 for branch 
connection welds.) 

I. Radiographic Density 

The calculated shim thickness from Chapter IV, Paragraph E shall be utilized to 
determine exposure values. Film image density shall be measured through the 
shim block/penetrameter combination and shall equal 3.0 + 0.5. (See Appendix, 
Figure 7.) 

1. Source Strength 

Unless otherwise specified, the radiation source energy shall be equal to or 
greater than 35 curies from IR 192 and 150 KEV for x-ray machines. 

K. Scattered Radiation 

To minimize the effect of back scatter radiation, all film cassettes shall be 
backed up with a minimum of l/l 6-inch-thick lead sheeting. This sheeting shall 
be at sufficient size to completely cover the cassette and shall be covered with 
tape to prevent lead smearing. (See Appendix, Figure 7 for socket welds and 
Figure 16 for branch connection welds.) 
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L. Quality of Radiographs ./ 

All radiographs shall be free of mechanical, chemical, or other blemishes which 
could mask the image of any discontinuity within the area of interest. Such 
blemishes include, but are not limited to: 

1. Fogging. 

2. Processing defects such as streaks, water marks, or chemical stains. 

3. Scratches, finger marks, crimps, dirt, static marks, smudges, or tears. 

4. Loss of detail due to poor screen-to-film contact. 

5. False indications due to defective screens or cassette faults. 

M. Geometric Unsharpness/Source-to-Film Distance 

Geometric unsharpness of the radiographic image shall not exceed 0.020 inch 
and the radiation source-to-film distance, unless otherwise specified bythe 
NASA NDE Radiograph Interpreter, shall be not less than 14 inches. 

N. Acceptance Criteria for Socket and Branch Connection Welds 

1. Cracks - no cracks of any nature or extent are acceptable. (See Appendix, /c4. 
Figure 8.) 

2. Incomplete Penetration (IP) 

a. Socket 

Definition: The failure of weld material to extend completely into and 
become integral with the intersection of socket rim inner diameter and 
cylindrical pipe wall. Incomplete penetration is not acceptable. (See 
Appendix, Figure 9:) 

b. Branch 

Definition: The failure of the weld material to: (a) extend completely 
to the inner surface of the fitting and (b) become integral with both the 
pipe and the fitting. (See Appendix, Figure 17.) 

3. Incomplete Fusion (IF) 

Definition: An isolated, discontinuous or continuous area of no weld 
material fusion at the weld-socket, weld-pipe interface, or between 
consecutive weld passes. Incomplete fusion is not acceptable. (See 
Appendix, Figure 10.) 
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4. 

5. 

6. 

7. 

a. 

Pipe-to-Socket Bottom Gap (Socket Welds Only) 

A gap of l/l 6 inch + 1132 inch shall be maintained between the pipe end 

and socket bottom after welding. (See Appendix, Figures I and 11.) 

Porosity and Rounded Indications 

An individual porosity defect shall not exceed the lesser of Tw/3 or l/B inch 
in its greater dimensions. Adjacent indications shall be separated by a 
minimum Tw/2 of sound weld. The summation of diameters for aligned 

rounded indications shall not exceed Tw in length for any 6 TW of weld. 

(See Appendix, Figure 12.) 

Slag and Elongated Defects 

The developed length of any single slag inclusion or elongated defect shall 
not exceed Tw/3. Adjacent slag inclusions shall be separated by a minimum 
Tw/2 sound weld. The total cumulative developed length of slag inclusions 
and/or elongated defects shall not exceed Tw in any 6 Tw of weld. The 
width of a slag inclusion shall not exceed the lesser of 3/32 inch or Tw/3. 
Slag inclusions or elongated defects that infringe upon the root area are 
not acceptable to any extent. (See Appendix, Figure 13.) 

Melt Through 

Definition: A localized area of pipe metal melting and resolidification, 
usually on the pipe inner diameter. Melt through shall be reviewed on an 
individual case basis and shall not: 

a. Reduce the nominal pipe wall thickness greater than 12-l/2%. 

b. Present unacceptable internal flow restrictions as determined by the 
Standard Practice Engineer. 

C. Include icicle type areas which could become dislodged. (See Appendix, 
Figure 14.) 

Burn Through 
, 
Burn through shall not reduce the nominal pipe wall thickness greater than 
12-l/2%. 

0. Radiographic Technical Log and Interpretation Report 

The radiographer shall furnish, in addition to the radiographic film, a technical 
log and interpretation report relative to each inspected weld. The log/report 
shall contain, as a minimum, the following data: 
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1. System identification 

2. Drawing number 

3. Location 

4. Sketch or description of each component/weld 

5. Material type 

6. Pipe nominal wall thickness TX and fitting nominal wall thickness 3 

7. Weld thickness E 

8. Shim block thickness - 2Tw + R or 2Tf + R 

9. Penetrameter size/essential hole 

10. 

11. - 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Isotope or x-ray machine, size/type/energy 

Film type/manufacturer 

Screen type, thickness, placement 

Source-to-film distance 

Exposure time/milIiamp-minutes (MAM) 

Radiographer’s name 

Inspection date 

Discrepancies noted 

Interpreter’s name 

Interpretation date 
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Chapter V 

MAGNETIC PARTICLE/DYE PENETRANT INSPECTIONS 

Socket and branch connection weld joints shall be inspected for surface defects 
utilizing magnetic particle or dye penetrant techniques. When specified, this work 
shall be conducted in accordance with the ASME B&PVC, Section V, Articles 7 and 25, 
for magnetic particle and Articles 6 and 24 for dye penetrant, with the following 
modifications. 

A. Personnel Qualifications 

Inspection personnel shall be qualified in accordance with ASNT-SNT-TC-1 A. 
Personnel qualified to Level I shall be utilized only under the field supervision of 
Level II or Ill inspectors. 

6. Surface Conditions . 

Weld joint surfaces and adjacent areas (within a minimum of 1 inch on each side 
of weld) shall be free of any irregularities which could mask indications. Prior to 
inspection, these areas shall be dry and free of all paint, dirt, grease, lint, scale, 
welding flux, and splatter, oil or other extraneous matter that could interfere 
with the examination. 

C. Magnetic Particle Technique 

‘4 
1. Magnetization Method 

The inspector has the option of utilizing a coil encirclement or yoke 
magnetization technique. 

2. Field Adequacy 

Magnetizing field adequacy shall be verified using a magnetic particle field 
indicator as illustrated in ASME B&PVC, Section V, Article 25. This 
verification shall be conducted at the beginning of each period of work or 
shift change and as a minimum every 4 hours during the work period. 

3. Coverage 

All surface areas of: (a) the weld and (b) the adjacent pipe and fitting 
material (for a minimum of 1 inch on each side of the weld) shall be 100% 
inspected. 

D. Dye Penetrant Technique 

1. Dwell Time 

Unless otherwise specified, dwell time shall be not less than 10 minutes. 

V-l 



2. Temperature .*-- 

When the surface temperature of the area to be inspected is outside of the 
60” F to 125” F range, the testing procedure shall be qualified as per the 
requirements of ASME B&PVC, Section V, Article 6. 

E. Acceptance Criteria for Socket and Branch Connection Welds 

The following defects shall constitute rejectable conditions: 

1. Cracks 

2. Incomplete fusion (IF) 

3. Surface open slag or porosity 

F. Inspection Report 

Upon completion of magnetic particle and/or dye penetrant inspections, the 
inspector shall furnish a report containing, as a minimum, the-following 
information: 

1. System identification 

2. Drawing number 

3. Location 

4. Description or sketch of inspected item 

5. Technique 

a. If dye penetrant, then include: 

(1) Penetrant type/manufacturer 

(2) Part temperature 

(3) Dwell time 

(4) Cleaning method 
1 

(5) Development method 

b. If magnetic particle, then include: 

(1) Magnetization method 

(2) Equipment manufacturer 
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(3) Magnetization current (AC or DC) 

(4) Magnetization current strength (amps) 

(5) Power type/manufacturer 

6. Discrepancies noted 

7. Inspector’s name 

8. Date of inspection 

- 
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WFI 0 SIZE - A.* 

” I .< 
NUI LLJJ 
THAN l/8 .._ 

\l---W 

WELD 

SOCKE 

L I WELD SIZE 

PtPE -TO-SOCKET GAP 
VI6 IN. 2 I /32 IN. 

Figure l.- Weld Nomenclature and Minimum Dimensions for Socket Weld 
Components Other Than Flanges. 
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WELD SIZE LESS 
THAN Tw x 1.25 
OR l/8 IN. 

WELD 
THAN 
OR l/8 

SIZE LESS 
Tw x I.25 
IN. 

Figure 2.- Unacceptable Socket Weld Fillet Sizes for Components Other Than Flanges. 
n 
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NO CRACKS PERMITTED 

t CRACKS 

Figure 3.- Cracks. 
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NO IF PERMITTED 

IFTO 

EYET 

IF TO PIPE WALL 

IF BETWEEN WELD p 
PASSES 

Figure 4.- Incomplete Fusion (IF). 
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UNDERCUT NOT TO EXCEED l/32 IN. 
OR Tw/4 WHICHEVER IS LESS 7 

Figure 5.- Undercut. 
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NO SURFACE SLAG OR POROSITY PERMITTED 

POROSJTY -SLAG 

- 

Figure 6.- Surface Slag and Porosity. 
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OA/CONTRACT NO. 

SOURCE-TO-FILM DISTANCE 
NOT LESS THAN I4 INCHES 
UNLESS OTHERWISE 
SPECIFIED BY THE NASA 
NDE-RADIOGRAPH 
INTERPRETER 

RADIATION 
SOURCE 

ALIGN CENTRAL 
RAY WITH SOCKET 
RIM 

DENSITY HERE 
3.0 f. 0.5 

2Tw+R 60° RADIAL SEPARATION 
FOR PIPE SIZES GREATER 
THAN ONE- INCH. 
2 VIEWS REQUIRED AT 
900 RADIAL SEPARATION 
FOR PIPE SIZES OF ONE- 
INCH OR LESS. 

Figure 7.- Radiographic Exposure Technique (Socket). 
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CRACKS 

NDNE PERMITTED 

CRACKS 
A 

r/J 
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Figure 8.- Cracks. 
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NDNE PERMITTED 

- 
Figure 9.- Incomplete Penetration (IP). 
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NO IF PERMIllED 

NOTE - IF IS ALSO POSSIBLE BETWEEN 
WELD PASSES 

y IF TO SOCKET RIM -, 

Figure lo.- Incomplete Fusion (IF). 

IF TO PIPE WALL 

- 
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-- 

*ZERO GAP 

ZERO GAP 

Figure Il.- Unacceptable Pipe-to-Socket Gap. 
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NOT LESS THAN - 
Tw/ 2 SEPARATION 

------ 

GREATEST OMENSION 
NOT TO EXCEED fw /3 

Figure 12.- Porosity and Rounded indications. 
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GREATEST DIMENSION 
NOT TO EXCEED Tw/3 

-7 

UNACCEPTAeLE SLAG 
AT WELD ROOT 

Figure 13.- Slag Inclusions. 
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Figure 14.- Melt Through. 
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“Tf” NOMINAL 
WALL THICKNESS 

L’JTw“ NOMINAL PIPE 
WALL THICKNESS 

L RUN PIPE 

1 
‘-JNTERNAL GRINDING BEYOND 

THE FITTING CONTOUR AND 
THE PIPE OPENING CONTOUR 
NOT ALLOWED 

Figure IS.- Weld Nomenclature and Minimum Dimensions for Branch 

Connection Welds. 
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25’-35” COUNTERCLOCKWISE 
(PREFERRED DIRECTION) 

VIEW 0 * 

2 VIEWS REQUIRED 

SOURCE TO FILM DISTA 
I4 IN. MINIMUM 

7 
. 

LIGHT BEND IN 
FILM CASSETTE 
AND BACKING LEAD 

\ 

mNCE 
rBACKING LEAD 

/ 
l/16 IN. MINIMUM 

‘SHIM BLOCK 
2Tf+R 

.M CASSETTE 

.-. 

LALIGN CENTRAL RAY 
TANGENT TO PIPE 
EXTERNAL SURFACE 

NOTE 
BRANCH CONNECTIONS OVER 6 INCHES DIAMETER (0.0.) MAY 
REQUIRE ADDITIONAL EXPOSURES OR ALTERNATE TECHNIQUES 
AT THE DISCRETION OF THE NASA NDE RADIOGRAPH INTERPRETER 

Figure 16.- Radiographic Exposure Technique (Branch). 
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NONE PERMITTED 

ACCEPTABLE 
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L INCOMPLETE 
PENETRATION 

Figure 17.- Incomplete Penetration (Branch). 
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PREFACE 
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the requirements of the Facility System Safety Analysis and Configuration 
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Chapter 1 

THE LaRC FACILITY SYSTEM SAFETY PROGRAM 

1.1 INTRODUCTION 

1.1.1 Application 

The LaRC Facility System Safety Program exists to ensure the safe 
and continuous operation of selected LaRC facilities. As a part of that 
program, a number of research facilities have undergone a Facility 
System Safety Analysis. Each of those facilities has been assigned a 
unique Effort Code (EC) number. These numbersappear on docu- 
mentation associated with the facilities and are listed in Figure l-l, 
“Effort Code Summary.” 

1.1.2 0 bjective - 

The key provision of the Facility System Safety Program stipulates 
- that an initial Systems Safety Analysis be conducted for each 

facility, that a baseline for controlled documents be 
established, and that these analyses and documents be kept 
current by an active Configuration Management (CM) 
Program. These analyses and the continuous update provided by the 
CM Program provide procedural and risk information to operating 
personnel while recording and maintaining the current status of 
supporting documentation, equipment, and services within those 
facilities. 

1.2 SCOPE 

The LaRC Research Facilities and Laboratory Configuration Management 
Programs consist of three separate programs with two subprograms under 
Facility Configuration Management: 

a. Facility Configuration Management 

( 1) Pressure Systems Configuration Management 

(;I Software Configuration Management 

b. Laboratory Configuration Management 

C. Asbestos Configuration Management 

Details on Facility System Safety Analysis and the Configuration 
Management Programs may be found as described below. 

Chapter 2 provides details of the Facility System Safety Analysis process. 
Chapter 3 provides guidance on the program to upgrade existing safety 
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Effort 
Q& 

01 
02 
03 
04 
05 
07 
12 
.I3 
14 
16 
17 
18 
19 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
34 
35 
36 
37 
38 
39 
40 
42 
43 
50 
52 
58 
59 
60 
61 
62 
64 
65 
66 
67 
68 
69 
71 
80 
84 
85 
86 
88 
89 
91 
92 
93 
97 
98 
99 

Fnciliry Title 

West Area High Prenaure Au Syelam 
Hypersonic CF, Tunnel 
&Foot High Temperature Tunnel 
1. x 3.Fwr High Enthalpy Acrothermal Tunnel 
Hypersonrc Blowdown Tunnels 
Hyperwnrc Nz Tunnel 
Entry Structures Facility 
Viaual Motion Stmulator 
Drive Control 
31.Inch Mach lOTunnel 
15.Inch Mach 6 High Temperature Tunnel 
Tranaomc Dynamics Tunnel 
14. I 22-Foot Subaoruc Tunnel 
l&Foot Transomc Tunnel 
Aircrdl Nome Reduction Laboratory 
Hypemonic Materiala Teat Apparatus 
Unitary Wind Tunnel 
ScramJet Teat Facility 
High Reynolds No. Helium Tunnel Complex 
High Reynolds No. Helium Rexavery Syatam 
Hypersomc Helium Tunnel Facility 
Aircraft Landing Dynamics Facility 
HPB Ceramic Heated Combustion Facility 
Vortax Resaarch Facility 
Impact Dynaauu Rerearch Facility 
O.&Meter Tranaonrc Cryogenic Tunnel 
Aaachoic Noise Facility 
Jet Noise Apparatus 
Thermal Acoustic Fatrgue Apparatus 
East Area High Prcrure Air Syrtem 
6Foot Tranaonic Pressure Tunnel 
Low Turbulence Pressure Tunnel 
6 I 2%inch Transontc Tunnel 
6- I IS-loch Transonic Tunnel 
Vacuum Sphere Control and 60.Foot Space Simulator 
High Speed 7 I 10 Foot Tunnel 
Impact and Projectile Range 
Chemical Kmetlc Shock Tube 
30. I 60-Foot Tunnel 
12. Foot Low Speed Tunnel 
20-Fwt Vertical Spm Tunnel 
DC-S Simulator 
Visual Landing Display System 
DifTerenual Maneuvermg Simulator 
General Purpose Fightar Simulamr 
hoeral Avlatlon Simulator 
‘I-Inch High Temperature Tunnel 
Vitiatad Heatar, Ten Cell 12 
Combuauon and Mlxmg Research Appara~ua. Test Cell 
Hangar Water Deluge SyMm 
Hevi-Duty Bratmg Vacuum Furnace 
16-Meter Thermal Vacuum Chamber 
Autoclave 
Autoclaves 
Composite Shop Auloclave 
Hypemoruc Hehum Tunnel Recovery System 
Transport Systems Rewarch Vehicle ITSRV) 
Space Systamu Strucrurer i&search Lab 
Z&am Dutrlbutlon Systam 
Naoonal Tranaonrc Facility I NTF) 

II 

Facility No. Street Address 

1247E 7E East Reid St. 
1275 20 Lewis LAIOP 
1265 10 East Reifl St. 
1265 IO East Ibid St. 

1247D 1 D EUL Raid St. 
1247 1 B East Raid SL. 
1267 6 East Raid St. 

1266A 24 West Taylor SL. 
1241 9 West Taylor St. 

1251A 16A Victory St. 
125lA 16A Victory St. 
646 648 Dodd Blvd. 

1212c I7C Went Taylor St. 
1146 11 Wm Taylor St. 
1206 2 North Dryden St. 
1148 8 Weat Taylor St. 
1251 16 Victory St. 

12478 1 B Eart Reid St. 
1247H 2H Eut Marvin St. 
12478 1 B East Beid St. 
1247B 1BEaatRaldSL 

1257-1262 2 Welt Bwh Rd. 
1263 15 North Marvin St. 
720B 720B Back &or Rd. 
1297 12WestBwhBd. 
1242 7 Weat Taylor St. 

1218A 3A South Wright St. 
122lA 12A Lmgley Blvd. 
122lA 12A kagley Blvd. 

646I582 582A Thornell Ave. 
640 640 Tbornall Ave. 

582A 582A Thornell Ave. 
583 583 Plum St. 
6885 585 Tbompaon St. 
1296 2 South Warner St. 

12128 178 Weot Taylor St. 
1275 20 lawia Lmp 
1275 20 Lewil Loop 
643 643 Thornell Ave. 
644 644 Andrew8 !%. 
645 645 Andrewr St. 
1220 1 south Wright St. 
1220 1 &utb Wright St. 

1268A 24 Won Taylor St. 
1220 1 South Wright St. 

1268A 24 West Taylor St. 
I264 17 Nonh Marvin St. 
1221 12 Lngley Blvd. 
1221 12 Langley Blvd. 
12u 6 Earr Taylor SL 

1232A 6~ Langley Blvd. 
12938 48 West Taylor St. 
647 647 Andrew1 Sl. 

1267A 6A East Reid St. 
12388 38 Eut Durand St. 
12478 1 B East Raid St. 
12688 13 tingley Blvd. 
1293A 6~ Weat Taylor St. 
1215 I 4 West Taylor St. 
1236 5 West Taylor St. 

Figure l- l.- Effort Code Summary. 
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analyses to a more thorough and updated standard. Chapter 4 covers the 
Facility Configuration Management (CM) Program. Chapter 5 addresses 
the Pressure Systems Configuration Management (PSCM) Program. 
Chapter 6 addresses Software Configuration Management. Chapter 7 
addresses the Laboratory Risk Evaluation Program (LREP). Chapter 6 
addresses the Asbestos Configuration Management Program. 

i.3 DEFINITIONS 

The glossary in the Appendix lists and defines the terms unique to the Facility 
System Safety Program. 
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Chapter 2 

FACILITY SYSTEM SAFETY ANALYSIS 

2.1 GENERAL 

A Facility Systems Safety Analysis is a systematic approach toward: 
(1) identifying credible hazards associated with the operation of a facility, 
(2) defining the risk in terms of severity and probability, (3) assessing the 
controls for those hazards, and (4) making recommendations toward reduction 
of the probability of occurrence, if appropriate. Such an analysis must be 
accomplished prior to the start of research activities at any new facility or 
prior to any existing facility being brought into the Configuration 
Management (CM) Program. The overall responsibility for the conduct of the 
Facility Systems Safety Analysis lies with the Facility Assurance Section 
(FAS), Risk Management Branch (RMB), Systems Safety, Quality and 
Reliability Division (SSQRD). The analysis itself, however, is a group effort 
conducted by a Facility Team. This team includes the: 

a. Facility Safety Head (FSH). 

b. Facility Coordinator (FC). 

C. Facilities Configuration Coordinator (FCC) from the Facilities 
Engineering Division (FENGD). 

d. Safety Manager (Head, RMB, SSQRD). 

e. Designated Safety Engineer, FAS, SSQRD. 

f. Designated Systems Safety Engineer from the CM contractor. 

The completed analysis is documented in the Safety Analysis Report (SAR). 
This document, along with the Standard Operating Procedures (SOP’s), 
designated engineering drawings, and other documents identified by the 
Facility Team, are listed in the Configuration Controlled Document (CCD) 
section of the Facility Baseline List (FBL). These documents, and the FBL 
which lists them, are maintained under the CM Program. The FSH leads the 
Facility Team and has final approval of all CCD’s. Changes to CCD’s are 
initiated by a NASA Langley Form 127, “Change Notification Sheet (CNS).” 
The Facility Team meets annually to review the previous year’s activities and 
plan for the future. 

2.2 PLANNING 

Approximately 60 days prior to the initiation of a Facility System Safety 
Analysis, the assigned Safety Engineer in SSQRD will notify the responsible 
FSH. The FSH, with the assistance of the facility staff and technicians, will 
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assemble and provide to SSQRD all existing documentation which reflects the 
“as-is” facility hardware. These documents include: 

a. 

b. 

C. 

d. 

e. 

f. 

g* 

h. 

Facility Resume. 

Facility Engineering Drawings (red-lined if necessary). 

Standard Operating Procedures. 

Maintenance Plan. 

Vendor Manuals. 

Checklists. 

Engineering Report&Analyses. 

Any other item that may be of value toward the System Safety Analysis; 
such as: 

(1) Operational Logs. 
- 

7 
(2) Failure Mode Histories. 

(3) Specific areas of concern. 

2.3 EXECUTION 

The assembled documents will be reviewed by the FSH, FC, and the Safety 
Engineer in FAS, SSQRD to initiate the Facility System Safety Analysis. 
These documents will form the foundation of the SSQRD Safety Engineer’s 
formal analysis of the facility’s hazards and other conditions appropriate to the 
issue of safety. The end products of this effort will be the: 

a. Standard Operating Procedures (SOPWChecklists. 

b. Safety Analysis Report (SARI. 

C. Facility Baseline List (FBL). 

d. Other special ikms as appropriate. 

Details on these end items and inclusion of engineering drawings into the 
Facility CM Program follow. 

2.3.1 Standard Operating Procedures (SO P’s)/C hec klists 

2.3.1.1 SOP Guidelines 

-. 

- 
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SOP’s are detailed, written, formal instructions for qualified 
operators to be routinely followed at a designated facility. Some 
guidelines to be used in their preparation are: 

a. SOP’s must provide for a complete cycle of operation (dormant 
to run to dormant). This cycle is normally presented in three 
separate SOP sections: Pre-Operational (PRE-OP) 
Procedures, Operational (OP) Procedures, and Post- 
Operational (POST-OP) Procedures. 

b. SOP’s for the complete cycle must be demonstrated for and 
approved by the Facility Team prior to being included in the 
CM Program. 

C. Initially, dry runs will be performed to avoid unnecessary 
exposure to hazards. 

d. SOP’s will alert operators of potential unexpected events. These 
alerts are expressed in three distinct categories: 

(1) A NOTE is a general instruction to the operator concerning 
the specific order that procedures must follow. It alerts 
the operator to potential undesired results of a minor nature 
(eat is, failure to comply would invalidate previous actions) 
and provides explanatory information. 

(2) A CAUTION alerts th e operator that the sequence which 
follows could cause equipment damage if not executed 
properly. 

(3) A WARNING alerts the operator that the sequence which 
follows could cause personnel injury if not executed 
properly. 

e. Red-lined copies of the SOP’s will be corrected and submitted to 
the Facility Team for approval. 

f. SOP’s may include date/sign-off sheets that can be used for 
documentation of the day-to-day operation of the facility. 

2.3.1.2 Checklist Guidelines 

Checklists are abbreviated versions of SOP’s which are intended to 
provide less-detailed instructions for routine, day-to-day operation of 
a facility by the most experienced of operator personnel. Prior to 
their use, they must be demonstrated, approved, and included in the 
CM Program. This process is identical to that followed in the 
development and acceptance of SOP’s. Some guidelines to be used in 
their preparation are: 
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a. A Checklist may cover an en tire cycle of operation or any part 
thereof; however, it must be clearly labeled as to what it covers. 

b. A Checklist may be of a “check off’ or “sign off’ nature; or, simply 
a sequential listing of steps to be taken without the need to 
check/sign items off. 

C. A Checklist is often reproduced within the facility and a copy 
used for each operational run. In such cases, the entire Checklist 
must be reproduced and no part of the original omitted. 

The FSH and/or FC will use approved SOP’sXhecklists in 
training for operator qualification/certification.. 

Facility complexity and operational risks will dictate the 
requirement for the degree of structured operations which are to 
be controlled by hand-held procedures and/or Checklists. 

- 2.3.1.3 SOP/Checklist Development 

Development of SOP’s and Checklists is achieved by folloCing the 
planned sequence of activities as listed below: 

a. The FSH and FC develop an appropriate Work Breakdown 
Structure (WBS) of facility operations, Sequential Flow Charts, 
and first-draft Procedures/Checklists. 

b. The Facility Team reviews and approves the WBS and 
accompanying Sequential Flow Chart with emphasis on 
identifying mission- and safety-critical events on the first draft of 
the SOP/Checklists. 

C. The FSH and FC demonstrate, for the Facility Team, the 
resulting second-draft SOP/Checklists. 

d. The Facility Team approves and accepts the final 
SOP/Checklists. 

e. The FSH and Safety Manager approve the final SOP’sKhecklists 
, and these documents are incorporated into the CM Program. 

2.3. I .4 SO P/C hecklist Organization 

SOP’sKhecklists are divided into two sections: Forematter and 
Text. 

a. The Forematter consists of the following: 

(1) The Title Pago ants& the SOPiChecklist title, the name 
oi rhz facili t:/ ‘ST -which :-1< iccL;xzrtt -q-x ~m,plerwd, snd 
+. :3 

.F. -‘3c! : -.y, 7’:r;.-“’ _ . ..I_ __ .^ >‘e:::.. - . . . .-,3:i b,. .* . 

.- 



2.3.2 

2.3.2.1 

(2) The Revision Record reflects all SOP/Checklist document 
changes and states who prepared, reviewed, and accepted 
those changes. The “Prepared By” column is signed by the 
Configuration Management or Safety Engineer who 
prepared the change. The **Reviewed By” column is signed 
by designated reviewing authority. The “Reviewed By 
Safety Manager” column is signed by the Head, RMB, 
SSQRD. Finally, the “FSH Cognizance” column is signed by 
the responsible FSH. 

(3) The List of Page Revisions enumerates each page in the 
document and the current revision letter of each page. 

(4) A General Introduction page addresses the purpose, 
personnel, support and safety services, equipment, initial 
conditions, and reference drawings appropriate to the 
procedures/checklist being presented. - 

b. The Text section begins immediately following the forematter 
and consists of a Sequence Flow Chart, which shows the normal 
safe order in which the procedures (Pre-operations, Operations, 
and Post-Operations) can be executed, and the actual, step-by- 
step procedures/checklist. 

Safety Analysis Reports (SAR’s) 

General 

A Safety Analysis Report (SAR) formally documents the Facility 
System Safety Analysis for a given facility. A SAR is initially 
developed in a structured sequence of planned activities as follows: 

a. 

b. 

1 
C. 

d. 

e. 

f. 

A designated Safety Engineer from SSQRD compiles an initial 
System Definition which includes the Facility Description, a 
System Block Diagram, and a Preliminary Hazard Analysis. 

The Facility Team reviews and comments on the initial product. 

The designated Safety Engineer conducts a Hazard Control 
Analysis (HCA). 

The designated Safety Engineer prepares a Critical Items List 
(C I 1.1. 

The FSH reviews and comments on the developed documents. 

The Facility Team reviews the developed documents and the FSH 
response. This is followed by their approval and acceptance of the 
SAR. 
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g. The Safety Manager and the FSH approve the SAR and it is 
incorporated into the CM Program. 

The SAR will be maintained by the CM contractor in conjunction with 
the FSH and Safety Manager. Any facility change will be considered 
for possible SAR impact. It is critical that all parties involved 
maintain close communication in analyzing hardware or procedural 
changes and update the SAR as expeditiously as possible. 

2.3.2.2 SAR Organization 

The SAR is divided into three main sections: Forematter, Text, and 
Appendixes. The Text is further subdivided into subsections 
common to all facilities; although, on a case-by-case basis, additional 
special-item subsections (for example, a GIL) can be added if directed 
by the Facility Team. The common subsections are the introduction, 
the Facility Description (which includes a Facility Block 
Diagram), and the Safety Analysis Summary. The following is a 
discussion of each section/subsection. 

. - a. The Forematter section consists of the Title Page, Revision 
Record, List of Page Revisions, and Table of Contents. 

(1) The Title Page contains the report title, the name of the 
facility for which the report was completed, the facility 
number in which the facility is housed, and the Effort Code 
(EC) associated with the facility. 

(2) The Revision Record reflects all SAR document changes 
and states who prepared, reviewed, and accepted the 
report/changes, and the date issued. The “Prepared By” 
column is signed by the Safety Engineer who prepared the 
report/change. The “Reviewed By” column is signed by 
designated reviewing authority. The ‘Reviewed By Safety 
Manager” column is signed by the Safety Manager, SSQRD. 
Finally, the “FSH Cognizance” column is signed by the 
responsible FSH. 

I (3) The List of Page Revisions enumerates each page in the 
report and the current revision letter of each page. 

(4) The Tab1 e of Contents lists the major subsections of the 
SAR and the page number on which each begins. 

b. The Text section of the SAR consists of the Introduction, the 
Facility Description, and the Safety Analysis Summary. 

(1) The Introduction identifies the facility, states the purpsse 
and philosophy of the analysis, and explains the Risk 
Assessment logic. 



(2) The Facility Description is a brief overview of the subject 
facility which lists the major facility capabilities, the nature 
of research conducted, the subsystems, and any special 
facility feature appropriate to the safety analysis. It also 
includes a Facility Block Diagram which shows the 
general relationships among the various subsystems. 

(3) The Safety Analysis Summary is the heart of the SAR. It 
contains General 0 bservations and Recommendations 
which address those Hazards/Undesired Events that are 
general in scope (primarily resulting from facility 
familiarity) as opposed to Hazards/Undesired Events 
specific to a particular subsystem revealed by the analysis. 
Every entry in both this subsection and the following one, 
Tabular Summary, will be assigned an alpha-numeric 
Risk Level in accordance with the philosophy and 
guidelines established by this handbook (see paragraph 
2.3.2.5) and the SAR Introduction. The Tabular 
Summary subsection lists and discusses the identified 
Undesired Events and the associated risks are assessed. 
The discussion appears in this section in an abbreviated 
format only. 

C. The Appendixes of the SAR provide the more detailed discussion 
of the Hazards, Undesired Events, and Risk Assessments. There 
is normally a separate Appendix for each major subsystem 
identified on the Facility Block Diagram. The Appendixes are 
keyed to the Tabular Summary subsection of the Safety Analysis 
Summary. The Appendixes provide much greater definition of 
the facility’s situation in that the Undesired Events associated 
with each of these subsystems are addressed in detail. 

d. Where applicable, SAR’s shall include a Critical Items List (GIL). 
A Critical Item is any item, the single order failure of which, 
would likely result in death or damage to equipment/ 
property equal to or greater than $1 .OM. Typical examples of 
Critical Items include: interlocks, safety devices, high energy 
components, and biologicaYenvironmenta1 impact components. A 

\ Critical Item must have the design analyses, inservice 
inspection/preventive maintenance procedures, installation 
procedures, and nondestructive testing required to establish and 
maintain an acceptable probability-of-occurrence risk category. 
The requirement for design calculations can be waived for 
Critical Items which are proprietary or part, of a company’s 
standard product line providing that: (1) the item has been 
designed to industry consensus codes, (2) a history of acceptable 
operations of the same or similar products is available, and (3) the 
use is in compliance with the manufacturer’s ratings and 
recommended app!ications. Examples df proprietary items that 
may meet the design raiver sriteria are !arge rotating machinery 
for wind-tunnei 23mpresscr ,3r drive syster=ls. C:iticai Items 
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listed in the SAR’s shall be tracked throughout their lifetime for 
compliance with design, maintenance, and inspection 
requirements. Pressure components that are standard product 
lines and built to national consensus codes or standards, are by 
definition not considered Critical Items. However, these items 
shall be covered under the Center’s Pressure System 
Recertification Program to assure system integrity. 

2.3.2.3 SAR Preparation 

a. General.- A SAR is prepared by a Safety Engineer under the 
direction of SSQRD. The Safety Engineer is assisted by the other 
members of the Facility Team. The following definitions are 
provided toward ensuring a uniform understanding of the terms 
related to SAR preparation: 

(1) Hazard--A condition which has the potential to result in 
damage to equipment an&or personnel injury/death. - 

(2) Undesired Event--An event (or series of events) which 
unleashes the potential inherent in a hazard; and, either 
directly or indirectly, results in damage and/or personnel 
injuryidea th. 

(3) Cause--The stimulus or triggering mechanism/act which 
precipitates the Undesired Event/Accident. 

(4) Effect--The consequence of the Undesired 
Event/Accident in terms of equipment damage and/or 
personnel injury,death. 

b. Phases.- The phases of SAR preparation are as follows (see 
Figure 2-1, “SAR Preparation Flow Sequence”): 

(1) The System Definition Phase. The Safety Engineer uses 
facility-provided documentation to define the system. In 
this phase, the facility is described and the facility is divided 
into manageable operational subsystems. Examples of 
operational subsystems are: high pressure air, vacuum, 
model injection, cooling water, test section, nitrogen, 
hydrogen, and so forth. How these subsystems are 
identified in any given facility depends on the desires of the 
Safety Engineer in organizing the SAR to cover every aspect 
of the facility. For example, in one instance, the model 
injection component may be a separate subsystem; whereas, 
in another instance, it may be included as part of the test 
section subsystem. The important thing is to ensure that all 
components are considered so that they may all be given d!le 
consideration. Also at this time, a Facility Block Diagram 
is generated to show the interrelatiocs5ix among the 
chosen subsystems. 
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(2) The Preliminary Hazard Analysis Phase-. A 
Preliminary Hazard Analysis is conducted to identify all 
of the possible Hazards and the Undesired Events 
(Accidents) which could result from those Hazards. 
(This action represents an initial assessment; and, the 
Hazards and Undesired Events/Accidents established here 
could be expanded as the assessment progresses.) There 
may be one or more Hazards in each of the subsystems. 
Upon completion of this phase, copies of the products are 
sent to the Facility Team for review and clarification of the 
facility Hazards and Undesired Events/Accidents. 

(3) The Fa ‘1-t T CI I y earn Review Phase.- The Facility Team 
reviews the System Definition and Preliminary Hazard 
Analysis products and provides the Safety Engineer 
additional information and comments as appropriate. 

(4) The Hazard Control Analysis Phase.- With input from 
the Facility Team, the Safety Engineer now performs a 
Hazard Control Analysis (HCA). The HCA is the heart 
of the SAR. It ensures that a deductive approach is taken in 
the assessment of the safety implications of the facility and 
documents that thought process. The approach which shall 
be taken in the HCA is reflected in the lower portion of the 
flow chart in Figure 2- 1. 

(5) The Critical Items Generation Phase.- With the 
subsystems, Hazards, and Undesired Events defined, the 
Safety Engineer now prepares a CIL guided by the 
definition in paragraph 2.3.2.2d. Interlocks or other hazard 
controls, analyses, drawings, maintenance, installation, 
and in-service inspection procedures are identified, as 
required, for each Critical Item. 

(6) The Facility Safety Head Review Phase.- The FSH now 
conducts a thorough and independent review of all 
documentation. 

, (7) The Facility Team Review Phase.- The remaining 
members of the Facility Team are assembled by the FSH for 
a final review, approval, and acceptance of the SAR. 

(8) The Publication Phase.- After all of the issues are 
resolved and the SAR is prepared in final format, it is 
formally approved by the Safety Manager and FSH; and, it 
may be incorporated into the CM Program. 



2.3.2.4 The Analysis 

a. The analysis begins with a detailed exploration of each of the 
identified Hazards (an example ofone might be hot surfaces). 

b. Considering that Hazard, the analyst establishes what event(s) 
could occur that would result in the Hazard causing 
damage/injury/death (for example, personnel in contact with hot 
surfaces). Those events become the Undesired Events 
(Accidents). There could be multiple Undesired Events 
resulting from each identified Hazard. 

C. The analyst then establishes the Effects of each Undesired 
Event in terms of damage/injury/death (for example, serious 
injury to personnel). When numerous effects result, only the 
most severe need be noted. 

d. -From this point, the analyst establishes what could cause those 
Undesired Events to occur and these findings become the 
Causes (for example, personnel error). There could be 
multiple causes for the same Undesired Event. 

e. To determine the facility’s ability to sustain the catastrophe, the 
analyst must then Assess the Safety Features and 
Procedures in force which would, either directly or indirectly, 
minimize the probability of the occurrence of each Cause. If the 
Cause(s) can be minimized, the Undesired Event will not likely 
occur; therefore, an Assessment is made for each individual 
Cause, Those Assessments must take the form of an 
investigation of the design and operation of the facility for 
each individual Cause. Operational Procedures and facility 
drawings must be consulted to determine how the Hazard is 
contained and how daily operations are managed toward 
minimizing the probability of Undesired Events. 

f. The next step in the analysis is the Risk Assessment. (Due to 
the length of this subject, it is discussed separately below in 
paragraph 2.3.2.5, “Risk Assessment.“) An individual Risk 

1 
Assessment is made and assigned for eat h of the previously 
identified Causes. 

g. Ifan assigned Risk Assessment is unacceptable, 
Recommendations are made which, if implemented, would 
reduce that Risk Assessment to acceptable limits. (See 
paragraph 2.3.2.5.3a. b, and c regarding acceptability of Risks.) 
These Recommendations normaliy take the form of additional 
Safety FeaturesDevices, Design Changes, or changes in 
Operating Procedures. 

h. Summarv.- Undesired Xvents. Causes, and Effects should be 
confined +a “cr&bie” 3s ;gpcseq ‘2 “33nceivai3le” happenings. 
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Their credibility is important in that it will ensure that the effort 
expended on the safety analysis is justified. They should reflect 
only those things that could reasonably be expected to occur. 

2.3.2.5 Risk Assessment 

The Undesired Events identified for each subsystem and the results 
of the detailed HCA are covered in detail in the Appendixes of the 
SAR and summarized in the Tabular Summaries. An alpha- 
numeric Risk Level, based on both Severity and Probability of 
Occurrence, is derived and assigned to each Undesired Event. The 
following paragraphs address how those alpha-numeric Risk Levels 
and the resulting Risk Assessment Codes (RAC’s) are derived. 
(Also see Figure 3-2, “Current Risk Assessment Matrix.“) 

2.3.2.5.1 Severity Category 

Severity is assigned assuming the Undesired Event will occur. Worst 
possible results are assumed with no consideration being given to 
abatement techniques incorporated in the system design or to the use 

- of procedures. The Severity Category provides a relative measure of 
the worst possible consequences resulting from personnel error, 
environmental conditions, design inadequacies, procedural 
deficiencies, and subsystem or component failure/malfunction. These 
Categories are: 

a. Category I - Catastrophic - May cause death, permanent 
disability, hospitalization of five or more people, and/or systemi 
equipment damage in excess of $250,000. (Type A or B Mishap) 

b. Category II - Critical - May cause lost time injury or illness, 
and/or system/equipment damage between $25,000 and $250,000. 
(Type C Mishap) 

C. Category III - Marginal - May cause minor injury or illness, 
and/or system/equipment damage between $500 and $25,000. 
(Reportable Incident) 

d. Category IV - Negligible - Will not result in injury, 
occupational illness, or system/equipment damage in excess of 
$500. (Non-Reportable Incident) 

2.3.2.5.2 Probability of Occurrence Level 

Probability of Occurrence Level provides a measure of system 
safety by evaluating the system design in conjunction with abatement 
techniques, inspections, tests, and operating procedures. The 
Probability of Occurrence Level is the probability that a failure 
will occur sometime during the planned life of the system. The 



probability level is qualitatively based upon engineering judgment 
with appropriate guidelines. Those guidelines are: 

a. Level A - Frequent -This is the level assigned when neither a 
safety feature nor approved procedures exist to prevent the 
Undesired Event. 

b. Level H - Occasional -This is the level assigned when a safety 
feature does not exist to prevent the Undesired Event; but, the 
use of approved procedures should prevent the Undesired Event. 

C. Level C - Possible - This is the level assigned when approved 
procedures do not exist to prevent the Undesired Event; but, an 
existing safety feature should prevent the Undesired Event. 

d. Level D - Remote - This is the level assigned when both a safety 
feature and approved procedures, or two independent safety 
features, exist which, collectively, should prevent the Undesired 
Event. 

2.3.2.5.3 Establishing a Risk Assessment Code (RAC) 

Using the Categories and Levels described above, the information 
provided by the facility for the analysis, and on-site inspection 
techniques, the Safety Engineer conducts the analysis to determine 
the risks associated with each of the listed Undesired Events. This 
process will result in each Undesired Event being analyzed with 
respect to each credible Cause. Also, each of the Undesired Events 
will be shown to have an Effect. Each of the listed Causes is then 
assigned its own unique Risk Level (for example, LA, IIB, IIIC, and so 
forth). Applied to the two-dimensional matrix (see Chapter 3, Figure 
3-2, “Current Risk Assessment Matrix), these Risk Levels translate 
into one of three Risk Assessment Codes (RAC’s): RAC 1, RAC 2, 
or RAC 3. They are pattern-coded on the matrix to distinguish each 
from the other. RAC I’s include blocks LA, IB, IC, IIA, IIB, and lITA. 
RAC 2’s include blocks IIC, IIIB, and TVA. All other blocks are 
RAC 3. The implication of a given RAC is explained in the following 
paragraphs. 

’ a. RAC I’s for new facilities, and those associated with a major 
Construction of Facilities (CoF) in existing facilities, are of major 
safety concern and requite corrective action before the 
facility can operate. RAC I’s for existing facilities not 
undergoing a major CoF are also of major safety concern and 
require an abatement plan approved by the Safety 
Manager. This abatement plan must be developed by 
facility personnel and approved by the Safety Manager 
within 30 days of either (1) publication of this document 
(for existing RAC I’s), or (2) knowledge of a new RAC I’S 
existence (for any RAC l’s assigned in the future). Failure 
to meet this requirement could result in facility shutdown. 

2-13 



b. RAC 2’s for new facilities, and those associated with a major 
CoF in existing facilities, are also of concern and require special 
attention. The FSH of the facility in question, with Safety 
Manager concurrence, shall by letter, inform the Program 
Director who oversees the facility of the nature of the RAC 2’s 
and request approval to conduct operations. Operations shall not 
begin in that facility until the Program Director, with the 
concurrence of the Integrated Systems Review (ISR) Chairperson, 
has responded by letter authorizing such action. RAC 2’s for 
existing facilities not undergoing a major CoF require no such 
approval; however, plans and programs to correct them as time 
and resources permit are considered sound management practice. 

C. RAC 3’s are of an acceptable risk level. 

2.3.3 Engineering Drawings 

2.3.3.1 General - 

Engineering drawings which are brought into the CM Program are 
designated and maintained as Configuration Controlled Documents 
(CCD’s). These drawings have been singled out by facility, safety, and 
engineering personnel as especially important to the facilities’ safe 
and continuous operation. These drawings are listed in the CCD 
section of the Facility Baseline List (FBL) and represent the known 
configuration of the facilities they depict. Other drawings may be 
designated as Supporting Facility Documents (SFD’s) and listed 
in the SFD section of the FBL. (See paragraph 2.3.4.2.) 

2.3.3.2 Criteria for Designating Drawings as CCD’s 

The criteria for selecting and incorporating new engineering 
drawings into the FBL as CCD’s are listed below. The drawing must 
be: 

a. Necessary for the safe operation of the facility. 

b. Able to support the independent safety analysis of the operating 
systems. 

C. Usable for system troubleshooting. 

d. Suitable for engineering change design. 

The CM Contracting Oficer’s Technical Representative (COTR) has 
the responsibility for resolving any differences of opinion and making 
final decisions regarding the disposition of all drawings chosen for 
inclusion in the CM Program. (See LHB 7320.1, ‘Engineering 
Drawing System,” for more detai!ed guidance on LaRC drawing 
format, approval, and control.) 
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2.3.3.3 Drawing Documentation Requirements 

All engineering drawings currently in the CM Program have either 
been field verified (FV) or are in need of field verification. No new 
drawing may be brought into the program (added to the CCD section 
of the FBL) unless it is first field verified. The field verification 
process is a hands-on verification of the validity of the drawing 
conducted by facility, SSQRD, Operations Support Division (OSD), or 
Contractor personnel. A drawing which has been field verified will 
display a “FIELD VERIFIED”statement authenticating that 
action. That statement will be signed by the person attesting to the 
field verification. It will further be signed and dated as approved by 
the Technical Project Engineer (TPE), FSH, or some other responsible 
person. A sample of this statement is as follows: 

I 
FAClLi’ BASELINE DRAWING 

FIELD VERIFIED BY: I 
APPROVED BY: I 
LATEST DATE: I 

Some drawings exist which display a “WARNING! UNVERIFIED” 
statement alerting the user that they are not field verified. A sample 
of that statement is as follows: 

WARNING! 

UNVERIFIED 

1 All drawings which are currently in the CM Program and not 
Aeld verified are the subject of an ongoing field verification 
effort by facility and OSD personnel as time and resources 
permit. 

2.3.3.4 Changes to Drawings 

When drawings in the CM Program require change, the drawing shall 
be red-lined by the technician actually making the hardware change. 
Proper red-lining techniques are to add new items in green ink 
or black ink highlighted in yellow marker and delete existing 
items by marking over them in red ink. Drawings so red-lined 
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shall be forwarded through channels on a Change Notification Sheet 
(CNS) and reviewed by Engineering and the Safety Office. When 
approved, the originals of the drawings will be modified by the CM 
contractor and new WORKING MASTER copies provided to the 
facility. 

2.3.3.5 Working Masters 

. _ 

For each drawing listed on the FBL as a CCD drawing, the facility is 
provided with a current revision of the drawing marked WORKING 
MASTER in red color. The intent of this procedure is to identify the 
drawing as a copy of the current configuration of the facility as 
described by the drawing which is recorded on the Master retained in 
Engineering Drawing Files. These drawings should be kept in a 
central location in the facility and closely controlled to ensure 
availability to facility personnel for reference to correct facility 
configuration. Each time a CCD drawing is revised, a new 
WORKING MASTER of the revised drawing is provided to the 
facility. The CM contractor is assigned the responsibility for the 
preparation of the revised drawings and distribution to the 
appropriate facility/facilities in accordance with the CM Program. 

There are a number of CCD drawings which detail systems that affect 
more than’one facility. When a drawing affects more than one EC, 
each of the affected EC’s will be listed on the CCD sticker applied to 
the drawings. In addition, each of the affected EC facilities will 
receive a drawing marked WORKING MASTER. In this manner, 
each EC facility can maintain a complete file of WORKING MASTER 
drawings which reflect up-to-date configuration. However, this 
results in more than one drawing marked WORKING MASTER. It is 
conceivable that one facility may have modified a system, including 
the red-lining of the affected drawings, without the knowledge of the 
other facility having custody of the same WORKING MASTER 
drawing. Expeditious revision of the appropriate drawings and 
distribution of current WORKING MASTERS will alleviate this 
perturbation in the CM drawing program in the most part. To 
preclude the adverse impact of using a WORKING MASTER drawing 
which is in the process of revision by another custodian of the same 

, drawing, contact the other custodian and inquire as to the drawing 
status and get the information regarding the revision if under 
revision. 

Adherence to the following additional guidelines will promote proper 
accountability and use of WORKING MASTER drawings: 

a. A WORKING MASTER drawing should always reflect the 
true (as-buiii’ configuration of the facility which it represents. 



b. Proposed changes to a facility which impact on a CCD drawing 
should be red-lined on a separate copy of the affected 
drawing; not the WORKING MASTER. 

C. Changes which reflect “as- built” configurations should be 
marked on the WORKING MASTER of each affected CCD 
drawing. 

d. The current WORKING MASTER (or a copy) should always 
be present at the facility. 

2.3.4 Facility Baseline List (FBL) 

The FBL, although not in itself a CCD, lists the documents 
pertinent to a given facility that are CCD and under the 
management of the CM Program. The documents listed in the FBL 
are selected during the initial phase of the Facility Systems Safety 
Analysis and each must be approved by the FSH and Facility Team. 
They normally include the SAR, the SOP’s and/or Checklists, any 
Recertification documents, and the key facility engineering drawings. 
Each must be complete, accurate, and current. The CM contractor is 
responsible for actually creating and maintaining the FBL once the 
documents to be listed therein have been identified. The following 
paragraphs describe the format of an FBL and present an explanation 
of its sections. 

2.3.4.1 The Change Control Record 

The FBL Change Control Record is a five-column form used to 
record all actions taken to revise a CCD document listed in the FBL. 
Its heading includes the name and number of the facility, and the EC 
which has been assigned to the facility. The columns (left to right) 
are: 

a. DATE--The date that the change is actually made in the FBL 
pages affected. 

b. CNS NO.(s)--The CNS number which initiated the change 
followed by a brief description of what the change was about. 

C. REPLACEMENT PAGES--The pages of the FBL that were 
actually altered in making the change. 

d. REV.--The new (current) revision of the FBL. The letters I, 0, 
Q, S, X, and 2 are not to be used. When Y is the last revision 
used, the next sequence shall be AA through AY (then, BA 
through BY, and so forth 1. 

e. CM ENGINEER--The name of the contractor CM Engineer who 
is executing the change. Prior to publication and distribution of 
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the new pages, the CM Engineer shall sign the form over his/her 
typed name. 

- 

2.3.4.2 The Listings 

The Listings of the FBL are contained in two sections: the CCD’s 
section and the SFD’s section. These sections are distinguishable by 
the different titles of the forms and the number of columns. Both 
sections are paginated in one sequence starting with I, on the first 
page of the CCD’s section and ending on the last page of the SFD’s 
section. 

a. The three-column CCD form includes: 

(1) DOCUMENT NUMBER--The number of the document 
(that i.s, drawing, SAR, or Procedure number). Drawing 
shall be listed first, in numerical sequence for ease of 
reference, followed by the SAR, the Procedures and/or - Checklists; then, any other document which has been 
designated as CCD. 

(2) REV.--The current (active) revision letter(s) of the drawing 
or other document listed in column 1. Again, the letters I, 
0, Q, S, X, and 2 are not used. 

(3) DESCRI PTlON--The title of each of the drawings and 
documents listed in column 1. 

b. The two-column SFD form includes: 

(1) Thesam D e ocument Number column as does the three- 
column CCD form and its purpose is the same (see 
paragraph 2.3.4.2all) above). Normally the only documents 
listed in the SFD section are drawings. 

(2) The middle (REV.) 1 co umn does not exist on this form since 
the revisions of SFD drawing are not recorded. 

(3) The second column on this form is the DESCRIPTION 
1 column and serves the same purpose as the 

DESCRIPTION column on the three-column CCD form 
(see paragraph 2.3.4.2at3) above). 

2.3.5 Other Document Maintenance Requirements 

2.3.5.1 Filing Systems 

The CM Program affects three file systems: Engineering Drawing 
Files (EDF), CM Contractor files, and Research Facility files. 
Document maintenance consists of the timely updating of CCD 
drawings and ocher supporting documents fSOP’~. ?.a T’s, CP~ 1%~ 
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forth), keeping historical records, and keeping “originals” 
(reproducible masters) on file. Document records will be maintained 
by each file system as indicated: 

a. Engineering Drawing Files (EDF). EDF is the repository for 
all original configuration controlled drawings and for the 
microfilmed historical records of configuration controlled 
drawings and other CCD’s (see LHB 7320.1 for details). EDF will 
microfilm the original CCD’s and all subsequent changes in order 
to preserve these historical records. Only the CM contractor is 
permitted to withdraw CCD original drawings from EDF (see 
paragraph 2.3.5.1b below). Analyses, drawings, and 
nondestructive engineering information for systems which have 
been recertified or identified on the CIL will also be stored in 
EDF. 

b. CM Contractor Files. The CM contractor will maintain and 
store the originals (reproducibles) of all SOP’s, SAR’s, and other 
CCD documentation (except drawings). As changes are approved 
and made to these documents, the CM contractor will ensure that 
all interested parties receive updated pages as appropriate. The 
facility will be given a WORKING MASTER copy of all CCD 
revisions once they are created by the CM contractor. The CM 
contractor will have on hand only those CCD original drawings to 
be modified as directed by an approved CNS. Original drawings 
will be changed by the CM contractor in accordance with the red- 
lined drawings accompanied by an approved CNS. The CNS will 
be handled in accordance with the Change Control Flow Chart 
(see Figure 4-3). After the original CCD drawing is changed, it 
will be initialed by the person who prepared the red-line, a 
Facilities Engineering Division (FENGD) representative, and the 
FSH. All changes are considered to have been “Field Verified” 
upon sign-off by cognizant personnel. The CM contractor will 
provide appropriate copies to the interested parties and return 
the original of the drawing to EDF. 

C. Research Facility Files. Each research facility EC will 
maintain its own current WORKING MASTER filing system of 
CCD’s. Updates to these documents will be provided by the CM 

1 contractor; but, the facilities must ensure that updates are 
properly posted and centrally stored so as to be of use when 
needed. 

2.3.5.2 Supporting Facility Documents (SFD’s) 

These documents shall be red-lined by facility personnel and changed 
as necessary to support facility operations. SFD drawings may be 
revised through the Facilities Configuration Coordinator (FCC) at 
FENGD. Since SFD’s are not CCD, they are not serviced by the CM 
contractor. 
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2.4 LaRC INTERLOCK PHILOSOPHY 

2.4.1 General 

The mission of LaRC is to conduct meaningful, leading-edge research 
in the fields of aeronautical and aerospace technology. In order to 
conduct such research, large power sources, pressurized gases, 
vacuums, hazardous materials, heavy machinery, and. many other 
potentially dangerous conditions, procedures are necessary. The 
requirement to integrate safety into such an operation is paramount 
toward protecting the community, operating personnel, equipment, 
and the environment. LaRC’s cornerstone strategy to achieve the 
required level of safety is the Interlock Philosophy. The 
philosophy is enunciated in the following paragraphs: 

a. A credible single order failure that can jeopardize personnel or 
major equipment requires an interlock or protective device to 
prevent its occurrence. - 

b. The safety interlock or protective device must be independent of 
the failure mode and cannot be compromised by occurrence of the . 
credible single order failure. 

C. When’an independent safety interlock or device cannot be 
provided due to the utilization of a COIMIOQ component or path, 
then an independent component and/or path may be necessary 
(for example, hardwired backup of a software safety interlock or 
device). 

d. The safety interlock or device, unless it is verified automatically 
during startup (as a permissive), should be periodically verified 
for proper operation. Period of performance will be established by 
the safety analysis and specified in the SAR. 

e. Safety interlocks and devices, either software or hardware, must 
be under configuration control at the project level both before and 
during shakedown. Commencing at the Operational Readiness 
Review (ORR), these safety interlocks and devices will come 

! under LaRC configuration management in accordance with 
Chapter 4 of this handbook. At no time will program changes be 
made while the facility is on line. Forcing of safety interlocks or 
devices during facility operation (temporary changes to complete 
a run or troubleshoot a problem) must be in accordance with an 
approved procedure and have the permission of the FSH or a 
designated alternate. 

f. Failures of catastrophic proportions will be identified by the 
facility safety analysis and redundant safety interlocks or d?~ii<es 
provided. Each situation wili be assessed individually in the 
safety analysis as these potential fail?Jres are identiE:d. 



Protective measures will be established by the Safety Manager to 
assure consistency throughout the Center. 

2.4.2 Tee hniques 

The above philosophy must be pursued regardless of the type of 
process control or complexity of the research facility. Several 
techniques are used to achieve these aims, yet permit the necessary 
research to be accomplished. These techniques are discussed in the 
following paragraphs, in order of effectiveness, beginning with the 
most effective. 

a. Design. The first line of safety is in the initial design of a 
research facility. Safety and interlock policies must be of equal 
and simultaneous consideration with research aims in the initial 
design phase.of a facility. It is at this point that the best, and the 
most cost effective, safeguards can be incorporated into the 
system. - 

b. Engineered Safety Features. Once a facility is constructid, 
additional safety margins can best be attained by ad hoc, 
engineered safety features. Such devices become an integral, 
permanent part of the facility and its routine operation. Like 
design features above, they are most likely passive in nature and 
require.no special action to cause them to be effective. 

C. Safety Devices. Adjunct devices, which are provided for 
operating personnel, can also enhance safety. Such devices 
(protective goggles, hard hats, safety bars, and so forth) are 
effective; however, they require a conscious act on the part of the 
operator to become useful. Although they may appear cost 
effective, their effectiveness is moot if they are not employed. 

d. Warning Devices. Visual and audible means to alert personnel 
to hazards are also very economical. They are not, however, and 
should never be considered as barriers. Many of the techniques in 
the previous paragraphs are barriers. The term barriers implies 
that such devices prevent the occurrence of Undesired Events. 
Warning devices are effective only when personnel are aware of 

1 them in sufficient time to react; and do, in fact, react. 

e. ProceduresRraining. The introduction of the human element 
into a perfectly designed and controlled hardware system brings 
with it a potential for unexpected results. The only way to ensure 
that the occurrences of these operator errors are minimized is 
through the use of a thorough training program and the use of 
properly written, verified, and controlled SOP’s. If operator 
training and procedure compliance are to be completely effective 
in lowering the probabiiity of an Undesired Event +d an 
acceptable level, they must be cclJpied with some, if not all, of the 
abatement techniques !isyzd in paragraphs 3.4.2a through 2.4.2d 
above. 
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Chapter 3 
-- 

SYSTEM SAFETY ANALYSIS UPGRADE 

3.1 PROGRAM SUMMARY 

System Safety Analyses have been performed at a number of LaRC facilities as 
part of the LaRC Safety Program. These analyses provided information on 
operational risks in the facilities and are the foundations of the SAR’s, SOP’s, 
and Checklists now in existence. Since these initial System Safety Analyses 
were completed, many have been upgraded into a format which provides 
greater definition in the area of assessment of the risks involved. These 
.upgrades were accomplished in an attempt to apply the latest risk assessment 
techniques and safety philosophy to the process. Since many of the earlier 
versions still exist, paragraphs 3.1.1 and 3.1.2 below are provided to give 
insight into their meaning. Paragraph 3.1.3 below describes the current 
approach. 

~- 

3.1.1 The initial Convention 
7 

The Initial Convention used in the assessment of risks was a 
straight-forward, one-dimensional, rank-ordering of the risks under 
which any one of six Risk Assessment Classification ratings could be 
assigned to any one Effect of any one Undesired Event. The Risk 
Assessment Classifications in the initial convention were: 

a. I--Possible serious or fatal injury to the public or to test subjects. 

b. II--Possible serious or fatal injury to test facility personnel. 

C. III--Possible damage to major equipment. 

d. IV--Terminated or delayed operations. 

e. V--Nuisance failure. 

f. N/A--Nonapplicable. 

That Risk Assessment Classification convention stiil exists in many 
of the SAR’s. Those SAR’S are still valid: but, will be the subject of an 
upgrade action in the future. The severity of the classifications 
under this convention can best be understood by considering that all 
assessments of I, 11, or 111 should be of concern in the daily 
operation of the facility and action should be underway to 
reduce them to ?V, V, or N/A. 
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3.1.2 The Interim Convention 

Also still in existence at some facilities is an Interim Convention 
which was the first attempt to achieve a more meaningful approach to 
Facility System Safety Analyses. This was the first use of a two- 
dimensional matrix in which Severity Categories (Categories I-IV) 
and Probability of Occurrence Levels (Levels A-D were used to 
achieve a basic Risk Assessment Code (RAC) of 1,2, or 3. It was 
during this period that these basic R.AC levels were established. The 
two-dimensional matrix used in this Interim Convention is shown 
in Figure 3- 1, “Interim Risk Assessment Matrix.” A RAC level 
was determined by establishing the Severity Category through 
application of the stated definitions of each Undesired Event 
situation; then, determining the Probability of Occurrence Level 
by applying other definitions which are based upon the facility’s 
physical and procedural status. Those assessments falling into the 
three (black) blocks in the extreme upper left comer of the matrix 
were considered to be the most severe (RAC 1). As with the Initial 
Convention, SAR’s in the Interim Convention format are still 
valid. They, too, will be the subject of a Safety Office upgrade action 
as time permits. 

3.1.3 The Current Convention 

Figure 3-2, “Current Risk Assessment Matrix,” shows the most 
recent approach used by Safety Engineers to upgrade existing 
SAR’s. This approach would also be used to create a new SAR. The 
basic RAC levels (1,2, and 3) remain the same as developed in the 
Interim Convention, as does the method used to determine them; 
however, the black area encompassing the ‘Inost severe” category 
(RAC 1) has been expanded to six blocks, the definitions of the 
Severity Categories have been further refined, and the definition of 
Probability of Occurrence Level D has been expanded. RAC’s are 
divided into these three groups based on the class of deficiency (see 
NHB 1700.1(Vl-A), “Basic Safety Manual”). The method for 
developing a SAR under this convention is presented, in detail, in 
Chapter 2, paragraph 2.3.2, “Safety Analysis Reports.” 
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FACILITY CONFIGURATION MANAGEMENT KM) PROGRAM 

4.i PROGRAM SUMMARY 

The LaRC Facility Configuration Management (CM) Program covers ~CI 
research facilities (referred to as Effort Codes (EC’s) in the context of CM). 
They are listed in Chapter 1, Figure l-l, ‘Effort Code Summary.” These EC’s 
represent 70 research activities. CM implies the control and continuous 
updating of documents listed in the FBL and includes continuous systems 
safety analysis to assess the impact of change. It is important that any change 
to facility hardware and/or procedures be processed through this Change 
Control System. A support contractor provides continuous update of the 
documents for each facility in the CM Program. These documents include: 

a. 

b. 

C. 

d. 

Safety Analysis Reports (SAR’s) in which hazards and potential 
undesired events have been identified and the methods for their control 
have been analyzed to assure that the system does not expose personnel or 
equipment to unacceptable risks due to credible single point fai!ure. 

Standard Operating Procedures (SOP’s)/Checklists in which detailed 
operation sequences are provided to safely operate the facilities. 

Configuration Controlled Document (CCD) engineering drawings 
as listed in the FBL. 

Pressure Systems Documents in which is recorded the database 
generated during the Inservice Inspection/Recertification effort. (NOTE- 
The Pressure Systems Configuration Management Program is now a 
separate, distinct entity from the Facility CM Program (and supporting 
documents). However, as the program matures, it is envisioned that the 
Pressure System Documents will become a part of the Facility CM 
Program. See Chapter 5 for a description of the Pressure System 
Configuration Management Program.) 

4.2 CHANGE CONTROL 

4.2.1 General 

Basic to any change control in a CM Program is the notification of the 
change to the affected parties, verification that no protective 
measures have been degraded or defeated, and that no new hazards 
have been introduced. These requirements are satisfied at YASA 
LaRC through the use of either of two forms: 

a. NASA Langley Form 127, “Change Notification Sheet (CNS).” 
(See Figure 4- 1.) 
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CHANGE NOTIFICATION SHEET 

FAC’LbiY WWER ORIGINATOR EXTENSION OATE 

I 
FACILITY NAME 

CESCRIPTION OF CHANCE 

I 
EFFORT COOE 

i 
i I- 

SAMPLE 

i FACILITY BASELINE LIST (FBL) DOCUMENTS AFFECTED: 

3OCUMENT NUMBER 
CURRENT 

REVISION 

i 

TITLE 
T 

APPROVALS 

- 

Mar mvd 

cc0 SF0 

MAO. FAC~L~TV ASSURA&E SECTION. SSORO DATE FACILITY CCOAOINATOR DATE 

‘:Ac.Ll~‘ES 53NFIGURATKZf.4 COOROINATOA DATE FAClUT’f SAFETY HEAD DATE 

XES --+hS CHANGE CHANGE VERIFIED 
,IF=Z:T SAFE?,? 

- 
I ‘ES - cl No , 

CillT’CA- 7EMS LIST 
AFFECTEC” 

7 .I: 2 ..a a NO CM CONTRACTOR 

VASA Ldngwy hm 127 (Fbv Jan 1992) 

CNS INCORPORATED 

DATE CM -TRACTOR 

Prevoln edlnoM rNy m Mea 

Figure 4-l.- Change Notifica<cc Skz> ‘CY’?:, 



b. NASA Langley Form 184, “Problem/Failure Report (PFR).” 
(See Figure 4-2.) 

The CNS and PFR, when required, will be processed in accordance 
with the directions in Figure 4-3, “Change Control Flow Chart.” 
The Facilities Configuration Coordinator (FCC) and the Head, FAS, 
SSQRD, must approve the CNS prior to any hardware changes which 
affect any CCD document in any NASA LaRC facility which is 
covered under the CM Program. A safety and/or third party review 
will be conducted for all modifications except those that are strictly 
administrative in nature. Prior to change implementation, all 
planned configuration modifications will be reviewed, concurred in, 
and approved by the Head, FAS, SSQRD, the FCC, and in some cases, 
also the Facility Engineer. After the modification has been 
completed, the CM contractor will update the affected documents 
(drawings, procedures, checklists, and/or SAR’s) in accordance with 
submitted red-lines and analyses, and make distribution of the new 
documentation to all in~terested parties. 

4.2.2 Methods of Change 

Modifications to facilities at NASA LaRC under the CM Program may 
be initiated by any one of four methods. The method selected depends 
upon the complexity and magnitude of the anticipated change. These 
four methods are: 

a. Administrative Change. Facility modifications which are 
simply administrative in nature and do not affect safety may be 
implemented without a CNS, PFK, or other approval. An 
example of such changes is the replacement of a mechanical or 
electrical component with a like device (valve, meter, and so 
forth). 

b. Change Kequiring LaRC Facility Engineer Review. Facility 
changes resulting from a problem or failure that does not affect 
FBL documents should be reported and reviewed via NASA 
Langley Form 184. (See LHB 1740.2, “Facility Safety 
Requirements.“) 

I 
C. Minor Change not Kequiring Design Keview. For those 

facility modifications affecting FBL documents and not requiring 
the Design Review process, a CNS is initiated (normally by the 
FC) and submitted, with red-lined documents supporting 
the change, to the Head, FAS, SSQRD, and FCC for approval. 
Detailed procedures documenting the fabrication and 
nondestructive examination processes for modifications of 
Critical Items will be provided by FENGD. The final red-lined 
“as built”documents and field verified drawings are submitted to 
the CM contractU2r for revie54 and dccument update. 



PROBLEM/FAILURE REPORT 

See Instructions on Reverse 

PART I - EMPLOYEE 
FAClLlfY NUMBER FACILIM NAME 

SYSTEM/COMPONENT IOENTIFICATION (lnClud4 lt’~enlOy No. Model No. anal No. elf ) 

SERIAL NUMBER 
.- 

1 
DATE PROBLEM/FAILURE OCCURRED 

PROBLEM/FAIlJJRE DESCRIPTION AND PROBABLE CAUSE 

SAMPLE 

ORIGINATED BY (Employee Name) OATE 

PART II - ACTION BY FAClLlTY COORDINATOR AND FACILITY SAFETY HEA’D 
OISPOSITKIN AN0 RATIONALE 

- 

CORRECTIVE ACTION (Compleu as appliiable) 

0 WORK OROER. NO El 

FAClLrrY ENGINEERING REVIEW (FER) 
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ACTION ASSIGNEO TO DATE ASSlGNEO 
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PART III - VERlflCATlOWCLOSURE 
DESCRIPTION OF CORRECTIVE ACTION IMPLEMENTED 

ACTION VERIFIED 8Y (Sgnatwe) “Al k 

ACCEPTED BY (Fachry Cooduw~or Sqnarure 6 Dam) 

NASA Langley Form l&i (Rev Jan 1992) 
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Chapter 5 

PRESSURE SYSTEMS CONFIGURATION MANAGEMENT 
(BSCM) 

5.1 PHOGR.4M SUiMMARY 

Pressure Systems Configuration Management (PSCM) uses the databases 
generated during Inservice Inspections to produce Configuration Controlled 
Documents (CCD’s) for each system analyzed and documented. These 
databases are comprised of recertification status sheets (component listings) 
and computer-aided design (CAD)-produced isometric drawings of high-energy 
systems. New high-energy systems installed in facilities which are already in 
the PSCM Program will be added to the program. The resulting CCD’s and 
subsequent changes thereto shall be approved and maintained in accordance 
with Chapter 4 of this handbook. Engineering and research facility personnel 
are required to report proposed changes usingNASA Langley Form 127, 
“Change Notification Sheet (CNS).” A Safety and/or third-party engineering 
review will be conducted for al1 changes affecting <the database. After a.cha.nge 
has been approved, and the hardware work has been completed, the CM 
contractor will field check the changes and updatc the affected CM documents. 
All changes to be incorporated in these Prossure Systems Documents (PSD’s) 
will be appropriately red-lined in coordination with engineering and facility 
personnel, and Pressure Systems -vi11 be an agenda item at +he annual CM 
meetings when appropriate. PSD’s are useful to engineering and research 
facility pepscnne! in preparing design changes and during maintenance, 
repairs, and system inspection. Also, they will be +Lhe primary documents used 
to facilitate future Recertification efiorts. High energy systems for the various 
LaRC facilities wii! be incornorated into *the TSCX Progam in order of 
criticality as rzwurcx ?e1?13it. (See N&l2 1713.3, “Design, Inspection, and 
Certification of fr3ssure Vessels and ; ‘+essurized Systems,” for more details.) 

5.2 PRODUCTS 

The products of this program are L “CD’s called PSD’s. Each document consists 
Of: 

a. 

b. 

C. 

d. 



e. Introduction--Discusses the development, purpose, and uses of PSCM. 

f. Definition of Symbols. 

g. Key to Recertification Sheets (Component Inventories). 

h. System Description. 

i. CAD drawing followed by the Recertification Status Sheets. 

j. Footnotes. 

k. Document Reference Sheet. 



Chapter 6 

SOFTWARE CONFIGURATION MANAGEMENT 

6.1 GENERAL 

The introduction of Automated Control Systems into NASA LaRC research 
facilities has generated the need for configuration control of the resulting 
software at these facilities A Software Configuration Management 
(SWCM) Program to provide regulatory guidance for this documentation is 
being developed for implementation. 

6.2 PROGRAM OVERVIEW 

As the SWCM Program is‘implemented in a facility, coordination is required 
in order to ensure that the software brought under configuration control 
retains its quality over time. Research facilities having Automated Control 
Systems will initially have their existing software “baselined.” This will, in 
effect, formalize the existing software as a specific VERSION (probably 
Version 1.0). Subsequent changes must be closely controlled and approved by 
a Facility Software Change Control Panel (FSCCP). Both the initial 
software packages, and subsequent changes to be reviewed and approved by 
this panel, will be initiated by the Facility Safety Head (FSH) of the affected 
research facility by use of a Software Change Request (SC R). The FSCCP 
members wilI normally include, but may not be limited to, the FSH, the 
Facility Coordinator (FC), an SSQRD representative, and a FENGD 
representative (usually the Facility Automation Engineer (FAE)). 

Upon approval by the FSCCP, the change will be implemented by using the 
existing CNS process (see Chapter 4, paragraph 4.2.2~) in the established CM 
Program. The approved change will be made to a copy of the existing (current) 
Version of the software by appropriate software maintenance personnel. Once 
the change is made, tested, and verified, it will be subjected to an 
Independent Validation and Verification (I VV). Upon successful 
completion of the IVV process, the new Version will be established and 
implemented. This new Version (for example, Version 1.1) will become the 
active one and the old Version (for example, Version 1.0) will be retained in 
archive for possible future reference or reimplementation. if necessary. In this 
regard, up to three past Versions will be maintained in archive to support the 
current Version. 

6-l 



Chapter 7 

LABORATORY RISK EVALUATION PROGRAM (LREP) 

7.1 PROGRAM SUMMARY 

The Laboratory Risk Evaluation Program (LREP) program objectives 
are b: 

a. Establish a separate Configuration Management (CM) Program for 
Laboratories at NASA LaRC which are not currently under the existing 
CM Program, nor are they covered under Safety Permit. 

b. Increase safety aw.areness at the operator level at those facilities. 

C. Enhance the capability of SSQRD in monitoring the safety aspects 
of Laboratory operations and assisting in the resolution of unsafe 
practices. 

Over 120 laboratories have been identified as candidates for thi.s program. The 
LREP will be implemented for each of these laboratories in order of criticality 
as funding is obtained. 

7.2 PRODUCTS 

The products of this program are Risk Evaluations and Operating 
Procedures for each of the identified laboratories. These documents become 
Configuration Controlled Documents (CCD’s) and are established as a 
separate CM Program. As in the existing CM Program, laboratory 
management personnel shall take the steps necessary to correct any RAC 1 
and/or RAC 2 Risk Assessments revealed in the documented Risk Evaluations 
(see Chapter 2, paragraph 2.3.2.5.3a and b). 

7.2.1 Risk Evaluations (RE’s) 

The term Risk Evaluation was established to identify the Safety 
Analysis efforts associated with the LREP directive. It was intended 

’ to differentiate clearly between the LREP analysis and the full-scale 
Safety Analysis Report (SARI normally associated with the existing 
CM Program. The Risk Evaluations, although in a similar format, 
are not the product of a full-scale Hazard Control Analysis (HCA). 
They also do not reflect the detailed analysis of electrical and 
mechanical engineering drawings, the confirmation of interlocks, or 
other efforts normally included in the conduct of a SAR. Risk 
Evaluations are subjective analyses of the effectiveness of the 
operating procedures relative to safety considerations. The 
evaluations are made based on +he data from manufacturers’ 
handbooks, discussions with operator and maint&nance 
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personnel, visual inspections, maintenance factors, and a comparative 
analysis of existing procedures. A Risk Evaluation consists of: 

a. Title Page--Identifies the document as an LREP product, gives 
the name of the Laboratory, the unique identifying number, and 
the facility number in which the Laboratory is located. (The 
unique identifying number is a combination of the facility 
number and the order in which the Risk Evaluations were done in 
that facility; that is 1148-1, 1148-2, and so forth). 

b. LRE P Revision Record--Reflects the approval signatures for 
the initial issue and all Risk Evaluation changes at the direction 
of the approving authority. 

C. List of Page Revisions--Enumerates every page in the 
documentand the current revision letter of each page. 

d. Table of Contents. - 

e. Introduction--Provides the purpose and philosophy of the 
analysis and explains the RAC logic. 

f. Laboratory Description--Gives a briefoverview of the 
Laboratory, lists major capabilities, and discusses the nature of 
research which can be conducted. This section also includes a 
Facility Block Diagram of the Laboratory being evaluated. 

g. Risk Evaluation--Provides the complete assessment of the 
Laboratory’s operational environment. It includes General 
Observations and General Recommendations which address the 
existing conditions in a broad fashion. More specific hazards are 
addressed in the following section, Tabular Summary.” 

h. Tabular Summary--Column 1 enumerates each Identified 
Hazard. In the second column, marked “Risk Evaluation,” the 
analyst describes the Undesired Event, the potential causes and 
effects, what is presently in place to prevent its occurrence, and 
what other safety devices and/or procedures might further 

\ 
preclude the event. Following this, the analyst assigns a Hazard 
Level (which is derived from the standard Risk Assessment 
Matrix discussed in Chapter 2, paragraph 2.3.2.5.31, and proposes 
Recommendations which, if implemented, should reduce the 
assigned Hazard Levels. 

7.2.2 Standard Operating Procedures (SO P’s) 

Many of the Laboratories to be evaluated in the LREP effort have 
procedures in place and are using them in day-to-day operations. In 
those cases, the existing procedures are simply put into CM format, 
demonstrated, and returned to the laboratory wi:‘hou: sigW?cznt 
change. CL&i-unique techniques such as ~2.2 ~:-ze:z-+ T..:. ._ . . 5, __ . . 
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circling of NOTES, CAUTIONS, and WARNINGS are incaxyor~ated 
to bring the document to standard format. For those laboratories 
which have no procedures, initial drafts are prepared and 
demonstrated prior to being incorporated. The format for procedures 
is identical to that of Risk Evaluations in the first three pages (Title 
Page, LR.EP Revision Record, and List of Page Revisions). Page iv is a 
general opening page addressing the Purpose, Personnel, Support and 
Safety Services, and Initial Conditions appropriate to t.he prcxedures 
which follow. The procedures may be numbered in enc. continuous 
sequence; or, they may be divided into Pre-Operationa.! I Operational, 
and Post-Operational sections as dictated by the complexity of the 
Laboratory. The unique identifying number for procedures is derived 
simply by adding a ‘P” to the identifying number of the Risk 
Evaluation which the procedures support (that is, 1148-lP, 1148-2P, 
and so forth). 

7.3 LREP CHANGES 

Changes to LREP documents are accomplished in a similar manner as those in 
the Facility CM Program. In lieu of a Change Notification Sheet (CNS), LRJ3P 
changes are initiated with a NASA Langley Form 129, “Change in 
Laboratory Equipment/Procedures (CLEP),” (see Figure 7-l). This form 
is similar to the CNS form. The one major difference is that it does not require 
the signature of the Facilities Configuration Coordinator (FCC). The final 
recipient of the CUP form, and the action attached to it, is the CM contractor. 
Changes will be made to the original documents and copies of revised pages 
will be distributed in a manner similar to the existing CM Program. 
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Chapter 8 

ASBESTOS CONFIGURATION MANAGEMENT 

8.1 PROGKAM SUMMARY 

The Asbestos Configuration Management f’rogram (ACMP) was 
implemented on October 1,1991. The program objectives are to: 

a. Establish a program that will enable the Center to comply with the 
myriad of clean air emission regulations established by the 
Environmental Protection Agency (EPA), the Occupational Safety and 
Health Administration (OSHA), and the Commonwealth of Virginia. 

b. Increase safety awareness and minimize the risk of asbestos exposure to 
personnel. - 

C. Institute controls to prevent the release of asbestos fibers, restrict future 
asbestos use, and develop surveillance and control of known existing 
asbestos applications in Center facilities. 

Over 250 facilities have been identified to participate in this program. Each 
facility was inspected to identify friable and nonfriable asbestos-containing 
building material (ACBLM) and written inspection reports were provided to the 
FSH’s. These reports are on file at the facilities and are the baseline 
documents for this program. 

8.2 PRODUCT 

The product of this program is the Asbestos Configuration Controlled 
Document. The purpose of the document is to permit facility personnel, 
especially the FSH and FC, proper surveillance and control of existing asbestos 
applications. If hazards are found to exist, prompt and effective action should 
be taken to eliminate the hazards. The document consists of: 

a. Title Page--Identifies the document as the configuration controlled 
document, identifies the facility by number and name, and identifies the 
current document revision. 

b. Revision Record--Reflects the approval signatures for the initial issue 
and all subsequent changes at the direction of the approving authority. 

C. List of Page Revisions--Enumerates each page in the document and the 

current revision letter of each page. 

d. Table of Contents. 

e. Introduction--Provides the purpose and phiiosophy of the document. 
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f. Facility Asbestos Summary--Describes in narrative form the asbestos 
status of the facility. 

g* Facility Diagram--Depicts the actual location of positive samples where 
asbestos is located in the facility. 

8.3 ASBESTOS CONFIGURATION MANAGEMENT CHANGES 

Change to ACME documentation are accomplished by use of NASA Langley 
Form 128, “Asbestos Configuration Management Program (ACMP) 
Change Sheet” (see Figure 8-l). The form is initiated by the FCIFSH and 
approved by the Head, Safety Management Section (SMS), SSQRD, and 
FENGD. The final recipient of the form, and the action attached to it, is the 
CM contractor. Changes will be made to the original document and copies of 
revised pages will be distributed to the FSH, SSQRD, FENGD, and OSD. 

- 

.- 
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The following list defines key terms used in this handbook: 

Asbestos Configuration blanagcment l’rogr;lm (i\C1’1 I’)---A progranl designed %J 

ensure NASA Langley Research Center ( LaRC) compliance with asbestos- rcla Led 
EPA, OSIIA, and Commonwealth of Virginia clean air emission regulations. 

Asbestos Configuration Management l’rogrrm (ACMl’) Change Sheet--NASA 
Langley Form 128 prepared by LaRC personnel and processed by contractor 
personnel. It is used to record changes in the asbestos status of Center facilities 
covered under the Asbestos Configuration Management Program. 

Cause--The stimulus or triggering mechanism/act which precipitates the Undesired 
Event. 

Change in Laboratory Equipment/Procedures (CLEPI--NASA Langley 
Form 129 prepared by LaRC personnel and processed by contractor personnel. !t 
is used to record all changes made to Configuration Controlled Documents (CCD’s) 
in the Laboratory Risk Evaluation Program (LREP). 

Change Notification Sheet (CNSI--NASA Langley Form 127 prepared by LaRC 
personnel and processed by contractor personnel. It is used to record all changes to be 
made to Facility Baseline List (FBL)-listed (CCD) documents. 

Checklist--An abbreviated set of written instructions for operating a facility. 
Checklists are derived from Standard Operating Procedures (SOP’s) and contain 
sufficient detail to enable safe operations by the most experienced operator personnel. 
Checklists are controlled under the CM Program. 

CM Contractor--The CM Contractor is the Nonpersonal Service Contractor which 
supports the LaRC Facility Configuration LManagement Program. 

CM Update--The process of reviewing and documenting changes on a continuing 
basis. During this process, the reproducible masters (originals) are revised to 
incorporate the changes as shown on red-lined documents. Revisions are initiated 
and tracked by the use of the CNS. 

Configuration Controlled Documents (CCD’s)--Those facility baseline docu- 
ments that are considered critical to describing how a facility is configured, how it is 
to be operated. and what risks are associated with its operation. As such, CCD’s are 
revised only through a formal change process under the Configuration &Management 
(CM) Program. Examples of CCD’s include, but are not limited m, Safety balysis 
Reports (SAR’s), SOP’s and Checklists, certain Pressure System Documents, and 
selected Engineering Drawings. 
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Configuration Management (CM )--A discipline which establishes a baseline 
for facilities, selects technical and administrative documents, and exercises 
administrative control of all changes to that baseline. 

Critical Items List CC I Lb-A Critical I tern is any item, the single order failure of 
which, would likely result in death or damage to equipmcnt’property equal to or 
greater than $l.OM. 

Effect--The consequence of an Undesired Event/Accident in terms of equipment 
damage and/or personnel injury/death. 

Effort Code (EC) - A preassigned two-digit number that identifies a specific f’acili ty 
or group of facilities in the CM Program. For the life of the facility, all CCD’s will 
bear this number regardless of any facility name changes and/or hardware 
modifications. 

Facility Assurance Section’t FASb-A section in the Risk Management Branch, 
SSQRD, which is assigned primary responsibility for the management and execution 
of the CIM Program and the development of Facility SystemSafety Analyses. The 
Head, FAS, SSQRD, approves all CNS’s prior to any CM facility hardware changes 
involving CCD documentation. 

Facility Baseline List (FBI&-A list of documents which are pertinent to the safety 
of day-to-day operations, system safety analysis, and planning for system modifica- 
tions of a facility under the CM Program. These documents are selected for each 
facility during the initial phase of the System Safety Analysis. All selected facility 
documentation will be listed in the FBL. The SAR, the SOP’s, and the Checklists are 
included in this listing. All design analyses referenced in the CIL are included in the 
FBL as Supporting Facility Documents (SFD’s). All engineering drawings will be 
listed in numerical order and all CCD’s will be shown with the latest revision. 
Facility drawings will be further subdivided into the CCD and SFD sections of the 
FBL. 

Facility Configuration Coordinator (FCC)--An individual appointed from the 
Facilities Engineering Division (FENGD) who coordinates FENGD support to the 
LaRC System Safety Program. The FCC is responsible for the drawing upgrade 
associated with the System Safety Analysis effort and drawing updates for the CLM 
Program. The FCC also approves all CNS’s prior to any CM facility hardware 
changes which affect CCD documentation. 

Facility Coordinator (FC) (see I,MI 1700.2, “Safety Assignments”)--An 
individual appointed to coordinate the overall day-to-day operations of an LaRC 
facility. This individual uses assigned facility personnel, and additional support 
pe.monnel, as available, to accomplish requirements of this handbook. 

Facility ResumC--A document maintained by each major facility which is operated 
by the Operations Support Division (OSD). It contains information required for safe 
operations. Data includes drawings, operating and emergency procedures, operators’ 
certification, and requirements for the control of unique hazards. ‘Y-x CC ir 
responsib:e <or +&is document. 
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Facility Safety Head (FSH) (see LMI 1700.2)--An appointed individual who is 
responsible for providing team direction, obtaining required support from 
knowledgeable research personnel, and approving all Configuration Controlled 
Documentation affecting the facility. 

Facility System Safety Analysis--An analysis throughout all phases of the 
facility’s life cycle involving the identification and control of hazards and the 
assessment of risks in operating that facility. 

Facility Team--Personnel assigned to a particular LaRC facility during the initial 
Systems Safety Analysis or the Upgrade effort. The team is composed of the FSH, 
FC, FCC, Safety Manager, Safety Engineer assigned to the System Safety effort, and 
the CM Contractor when needed. 

FieId Verified (or Field Verification)--The process by which the accuracy of a CCD 
or any other drawing is verified. That accuracy is attested to by affixing a “Field 
Verified’* statement, signed by the person doing the verification, and signed and 
dated by the Project Engineer, FSH, or other responsible person. 

Hazard--A condition which has the potential to result in damage to equipment 
and/or personnel injury/death. 

Laboratory Risk Evaluation Program (LREP)--A program designed to provide 
Risk Evaluations (RE’s) and SOP’s to selected laboratories at LaRC which were not 
previously in the CM Program and not covered with a Safety Permit. 

LaRC Facility Engineer (FE)--The engineer assigned by FENGD to review, provide 
recommendations, and approve research facility repairs and/or work. 

Pressure Systems Configuration Management (PSCM)--A program to 
continuously update the Lnservice Inspection/Recertification effort. The PSCM 
contractor establishes an accurate database for high-pressure systems, publishes a 
Pressure Systems Document on each system inspected, and maintains that document 
through the existing CM Program. 

Problem/Failure Report (PFRZ-NASA Langley Form 184 which reports on the 
inability of a system, subsystem, component, part, or material to perform in 
accordance with specifications, functional test, or operational procedure 
requirements or expectations. (See LHB 1740.2, “Facility Safety Requirements.“) 

Red-Lining--The process of identifying changes on facility documentation. 
Deletions to be made are lined through with red markings; additions are shown in 
green, or in black with yellow highlighting. Red-lining of drawings may indicate 
proposed changes, or changes to show the “as is* condition. 

Research Facility (Facility)--A ground-based apparapcls or equipment directly 
associated with research operations, and suficiently complex or hazardous to 
warrant special safety analysis and control. ’ 
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Risk Evaluation (REI--A limited Safety Analysis done under the authority of the 
Laboratory Risk Evaluation Program (LREP). It is not a full-scale Safety Analysis 
Report (SARI. 

Safety Analysis Report (SARI--A report under the control of the CM Program 
which documents the formal Facility System Safety Analysis of a particular research 
facility. 

Safety Engineer--A representative of the Facility Assurance Section (FAS), Risk 
Management Branch (RMB), Systems Safety, Quality and Reliability Division 
(SSQRD), who performs an initial Facility System Safety Analysis, and/or an 
Upgrade of an existing one, and supports the CM activity for a particular facility. 

Safety Management Section--A section in the Risk Management Branch, SSQRD, 
which is assigned primary responsibility for the Center’s Institutional 
Environmental Health Program. 

Safety Manager--The Branch Head, Risk Management Branch, SSQRD. This 
individual reviews and approves all System Safety Analyses and reviews all changes 
to the SAR’s, SOP’s, and Checklists under the CM Program. 

Single Point Failure--Those discrete system elements and/or interfaces, the 
malfunction/failure of which, taken individually, would cause failure of the system. 

Standard Operating Procedures (SO P’s)--Detailed, written, step-by-step 
instructions to be routinely followed in operating a facility. SOP’s contain all 
information considered pertinent to safe and efficient operation of the facility. SOP’s 
are the source documents for Operational Checklists and are the basis, in part, for the 
facility Hazard Control Analysis. SOP’s may also be used for training operator 
personnel. SOP’s are under the control of the CM Program. 

Supporting Facility Documents (SFD’s)--Those documents, identified in the SFD 
section of the FBL which are considered as part of the baseline documentation; but, 
do not meet the criteria for CCD’s. They include design analyses and vendor 
manuals, maintenance procedures, construction drawings, conduit routing, panel 
board schedules, change control records, test data, structural inservice inspection 
plans, and detailed component drawings. 

Technical Project Engineer (TPEI--The engineer assigned by FENGD to manage 
repairs, rework, or modifications to an existing research facility or construction of a 
new facility. 

Undesired Event--An event (or series of events) which unleashes the potential 
inherent in a hazard; and, either directly or indirectly, results in damage and/or 
personnel injury/death. 

Undesired Events List--A listing in the SAR of system failures/malfunctions 
derived from the preliminary hazard analysis which could, if not adequately 
controlled, result in personnel injury, unacceptable equipmenvfacilir/ is;zaglt, 
and/or 10~3 $G ?roductivi ty. 



Upgrade--The process of revising an existing SAR, which was initially published 
under a now-outdated convention, to reflect the latest in assessment techniques and 
safety philosophy. 

Working Masters--Copies of the latest-revision CCD’s (SAR’s, SOP’s, drawings, and 
so forth) which are stamped ‘*WORKING MASTER”in red and kept at the facility. 
These documents are prepared by and provided to the facility by the CM contractor. 
WORKING MASTER drawings also show, in the CCD block, which facilities (by 
Effort Code number) consider the drawing to be critical to their operation. 
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SU 11J I<C’I’: Review P’ro~rarn for L~lngley Research Centcr (l.tiKC) Construction of 
Facilities (CoF) Projects 

SUMMARY This instruction s;cts forth the auplictibility, criteria, policy, 
and procedures for review of CoF‘ Projects under Langley 
Research Cen tcr ( LaWI managemcn t. 

1 Al’I’I,ICAHIL,I’I‘Y This instruction applies to the following CoF projects: 

l All .Mtljor Discrete Projects. 
0 Any Minor Program Projects with elements of unusual 

or potentially high risk. 

Selection of those Minor Program Projects to be reviewed 
under this instruction will be made by the Chief, Facilities 
Engineering Division (FENGD), with the concurrence of 
the Deputy Director for Systems Engineering and 
Operations. The number and format of Design Reviews for 
all CoF projects not covered by this instruction will be 
established by the Chief, FENGD. 

I’OI,ICY 

The criteria stated herein are minimum requirements for a 
third-party review of the technical and management 
aspects of LaRC’s CoF projects. The requirements of this 
instruction do not supersede other reviews imposed by 
NASA Headquarters, or replace the scientific and technical 
reviews conducted by LaRC organizations or committees 
such as: 

0 Institutional Review Board Reviews (see LMII 7100.8). 
l The Executive Safety Board and Its Committees’ 

Reviews (SW Lb11 1700.3). 
0 ‘l’echnic;ll Merit and Feasibility Reviews. 
a Routine Line Organization Reviews. 

This Center will conduct the following sequential set of 
reviews fur CoF projects covered by this instruction. 

1. Conceptual Design Review (CoDR). 

9 Y. Preliminary Design Review (PDR). 

3. Critical Design Review (CDR). 

T.S. 1774 
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POLICY (Continued) 4. Integrated System Review (ISR). 

5. Operational Readiness Review (ORR). 

This policy and set of reviews may be altered by the 
Director for Systems Engineering and Operations, as 
appropriate, to meet unique project requirements. 

REVIEW OBJECTIVES The primary objective of the above reviews is to enhance 
the probability of success of LaRC CoF projects. This will be 
achieved using the cumulative knowledge of a team of 
engineers and scientists who have been selected for their 
experience with the particular systems and functions 
involve& These reviews are advisory in nature and do not 
relieve the LaRC organization to which the project is 
assigned of the responsibility for the success of the project. 

The reviews will be technically oriented and proper 
consideration is to be given to constraints operating on the 
project - particularly those involving primary technical 
objectives, program costs, and schedules. 

GENERAL 
REQUIREMENTS 

Item 

Special Reviews 

Support 

Scheduling 

Responsibility 

The Chairperson of each review or the cognizant LaRC 
Program Director may also establish other special reviews 
to supplement the above reviews. 

LaRC Program Directors are to support the above reviews 
by furnishing senior personnel experienced in the required 
technical disciplines as requested. 

The Chairperson of each review is to organize each panel 
and draw support from NASA Headquarters, other Centers, 
industry, or other Federal agencies when applicable. 

The Project/Program Manager, or equivalent. is responsible 
for contacting the desi 
a desired review date t!r 

ated chairperson to request and set 
at allows sufficient time for orderly 

preparation. A tentative agenda, with allotted times and a 
designated Action Item Coordinator, will accompany this 
request. The Action Item Coordinator will be responsible 
for administratively tracking and routing all 
documentation necessary for closure of the review action 
items. 
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REQUIREMENTS 
(Continued) 

Item Responsibility 

Notification 

Review Material 

Action Items 

Action Item Closure 

Minutes 

Notification of a review is initiated by interoffice letter 
from the review chairperson to appropriate distribution 
which includes: 

l Review objectives. 
l Date, ‘time, and place. 
l Committee members. 
l Action Item Coordinator. 
l Tentative agenda with allotted times. 

All review material is to be distributed by review initiator 
to all panel members at least 10 days prior to the scheduled 
review date. 

Issues and questions which cannot be readily addressed at 
‘the review shall be documented on SE&O Organizational 
Form N-330, “Request for Action,” (RFA) forms (available 
from the Systems Safety, Quality and Reliability Division 
(SSQRD)), and assigned to an appropriate individual for 
closure. The Review Panel will screen all submitted RFA’s 
at the end of the review for completeness, elimination, or 
consolidation, as appropriate. The Project/Program 
Manager, in conjunction with the Design Review 
Chairperson, will assign action item responsibilities and 
due dates on the RFA forms. 

Action Item (AI) assignees shall send responses to the AI 
Coordinator for logging and routing by the specified due 
date. Closure requires concurrence by the RFA originator 
and approval by the review chairperson. An information 
copy of the tentative closure will be sent to all Review Panel 
members. Closure will become final unless it is challenged 
by a panel member within 10 working days. A copy of all 
final accepted closures is to be sent to SSQRD. The 
cognizant Division Chief of the RFA assignees is 
responsible for assuring that all action items are closed in a 
timely manner. 

Minutes of each review, including action items, are to be 
distributed by the secretary to the Panel members, 
appropriate Division Chiefs and Program Directors, and the 
Correspondence and Records Management Section 
ICBitMS), Wage.mPecc Support Division (MSD), within 
10 days of review :ompietion. 

3 T.S. 168~5 
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REVIEW DESCRIPTIONS 

Review Type Function 

l Conceptual Design 
Review (CoDR) 

Objective (CoDR) 

The objective of the CoDR is to assure the adequacy of the 
conceptual design to meet the functional design 
requirements and to provide a sound basis for a final 
design. The CoDR will normally be scheduled at 90 percent 
completion of the Preliminary Engineering Report (PER) 
(seeNM17330.2). 

See Attachment A for a sample CoDR agenda. 

Membership 7 

Chairperson: Deputy Director for Systems Engineering 
and Operations or designated alternate 

Secretary: Appointed by the Chairperson 
Members: LaRC Safety Manager or designated 

alternate 
Facility Safety Head 
Facility Coordinator 
Cognizant Research Project 

Representative 

At least five technical representatives 
from supporting line organizations as 
deemed appropriate by the Chairperson 

l Preliminary Design 
Review (PDR) 

Objective (PDR) 

i 

The objective of the PDR is to validate the adequacy of the 
intended final design approaches as related to the facility 
functional requirements according to applicable policies, 
design criteria, standards stated in NHB 7320.1, and other 
applicable National Codes. The PDR will normally be 
scheduled when the final design is approximately 
30 percent complete. 

See Attachment B for a sample PDR agenda. 

Membership- See CoDR. 

T.S. lbd4 4 
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REVIEW DESCRIPTIONS 
(Continued) 

Review Type Function 

l Critical Design Review 
(CDR) 

Objective (CDR) 

l Integrated Systems 
Review (ISR) 

The objective of the CDR is to validate the facility 
specification for the procurement and construction of the 
detailed design. The CDR is to ensure the final design and 
planning have been reviewed and that sufficient data have 
been presented according to the applicable policies, design 
criteria, standards stated in LHB 7320.1, and other 
applicable National Codes. The CDR will normally be 
scheduled when the final design is approximately 
90 percent complete but prior to the initiation of the 
acquisition/construction phase. 

See Attachment C for a sample CDR agenda. 

After the CDR and &sure of resulting action items, line 
management will coordios+a detailed drawing and 
specification reviews. Upon successful completion of these 
reviews, +he responsiide Projed?rogram Manager will 
provide 3 written statement to the CDR chairperson with 
copies to panel members. 

MembershiD - See CoDR 

Objective tISR> 

The objective of “the ISR is to validate the quality and 
configuration of the facility, confirm that it is capable of 
performing properly under expected operational 
environments, and assess that facilitij operational 
objectives will be achieved. The ISR will normally be 
scheduled when the construction and systems level 
acceptance ksting is appmximateliy complete but prior to 
initiation ofintzgrated systems testing. 

See Attachment D for a sample ISR agenda. 

Membershiv 

T.S. 16~34 
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REVIEW DESCRIPTIONS 

Review Type Function 

l Integrated Systems 
Review (ISR) 
(Continued) 

Members: Facility Coordinator 
Chairperson, Systems Operations 

Committee (see LMI 1700.3) 

At least five technical personnel selected 
by the Chairperson, preferably from the 
previous design review panels 

Action 
- 

The Chairperson is to provide a written statxment to the 
cognizant Program Director certifying it is acceptable to 
initiate system level checkout and test programs. All 
board members will receive a copy of this written 
statement. 

l Operational Readiness 
Review (ORR) 

Objective (ORR) 

The objective of the ORR is to provide a comprehensive 
assessment of the facility, equipment, test articles, 
operational procedures, and staffhg to assure the overall 
readiness and operation of the facility or systems. 

The ORR will normally be scheduled when the integrated 
system level test program is completed but prior to initial 
research operation of the facility. 

See Attachment E for a sample ORR agenda. 

Membership 

Chairperson: Program Director responsible for facility 
Secretary: Appointed by the Chairperson 
Members: Chairperson, ISR 

Chairperson, Systems Operations 
Committee (see LMI 1700.3) 

Chief, SSQRD or designated alternate 
Facility Safety Head 
Facility Coordinator 

At !east three technical pe,rsonnel selecz& 
by the Chairperson 

T.S. lba4 6 
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REVIEW DESCRIPTIONS 

Review Type Function 

l Operational Readiness 
Review (ORR) 
(Continued) 

Action 

After the ORR, the Chairperson, and an appointed 
committee to include at least three ORR members, will 
conduct a final “walk through” of the new/modified facility 
to: 

w Certify that the facility is operational. 
. List all observed safety and quality assurance 

deficiencies. 
. Verify that all prior corrective actions have been 

incorporated. 7 

The Chairperson is to provide a written statement to the 
LaRC Deputy Director certifying that the facility is 
acceptable and recommending that the facility be declared 
operational. All panel members will receive a copy of this 
written statement. 

REFERENCES NHB 7320.1, “Facilities Engineering Handbook” 

NMI 7330.1, “Delegation of Authority - Approval 
Authori ties for Facility Projects” 

NMI 8800.9, “Intergovernmental Review of National 
Aeronautics and Space Administration Programs and 
Activities” 

NMI 8800.12, “Coordination of Construction, Maintenance, 
Operations, and Management of NASA Facilities 
Programs* 

NHB 8820.2, “Facility Project Implementation Handbook” 

NASA Software Management and Assurance Program 
@MAP) Information System Life-Cycle and Documentation 
Standards Release 4.3” 

LMI 1700.1, “Safety Program" 

LAMI 1700.2, “Safety Assignments” 

".S. 1684 7 
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REFERENCES (Continued) LMI 1700.3, ‘The Executive Safety Board and Its 
Commi bees” 

LHB 1740.4, “Facility System Safety Analysis and 
Configuration Management” 

RECISION LMI 7000.2, dated May 26,1981, T.S. 1139. 

Deputy Director 

Attachments A-E 
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Attachment A to LMI 7000.2 

I. 

II. 

III. 

IV. 

CONCEPTUAL DESIGN REVIEW (CoDR) 
Sample Agenda 

INTRODUCTION 
l Scope of Review 
l Status of Conceptual Design (percent complete, earlier studies, and so forth) 
l Agenda 

PROJECT OVERVIEW 
l Research/Programmatic Requirements and Project Justification 
l New Capability/Performance Desired 
l Project Scope 

w CoF Funded Portion 
m R&D?unded Portion 

DESIGN REQUIREMENTS/CONSTRAINTS 
l Historic Preservation 
l Interfaces 
l Functional 
l Siting 
l Special Systems or Equipment 
l Safety, Reliability, and Quality Assurance (SR&QA) 
l Security 
0 Utilities 
l Design Codes/Criteria 
l Operations and Maintenance 
l Design Loads/Environment 
l Geometric I&es 
l Hardware/Software 
0 Environmental Impact 
0 Requirement Changes Since Publication of Facility Requirements Document 

CONCEPTUAL DESIGN 
l Project Description (major elements/components) 
l Site Description 
0 Architectural Concept 
l Foundation&ructural&4echanicallectrical Concepts and Analyses 
l Evaluation of Options 
l Operations and Maintenance Considerations 
l Design of Special Systems or Equipment 
l Needed Additional StudiesA’ests/Analyses 
l Summary of How Design Tentatively Meets Requirements 
0 Areas of Desi gn ConcernAJncertainty 

T.S. 1684 
December 5, 1029 
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V. SAFETY AND QUALITY ASSURANCE 
l Facility Energy Source Checklist 
0 . Preliminary Hazards List 
l Preliminary Critical Items List (GIL) 
l Status of As-Built Reference Interface Drawings 
l Special Construction Inspection Requirements 
l Design Safety Considerations 

VI. COST 
l Baseline Estimate for Preliminary Engineering Report (PER) Funding 
l Design/Construction Cost Estimates 

w Breakdown of Major Cost Elements 
w Element Cost RangesNncertainties and Potential for Growth 
. Significant Cost Drivers 
m Potential Areas for Descoping or Bid Alternatives 

Potential Areas for Design - Furnish and Install Procurement ’ w 
l Overall Cost Assessment and Uncertainties/Concerns 

VII. SCHEDULE 
0 Project Level (with rationale) 
0 Major Element or Work Package Level 
l Schedule Uncertainties/Concerns 

VIII. SUMMARY 



I. 

II. 

III. 

IV. 
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PRELIMINARY DESIGN REVIEW (PDR) 
Sample Agenda 

INTRODUCTION 
l Scope of Review 
l Status of Design 
l Status of Action Xtems 
l Agenda 

PROJECT OVERVIEW 
l Project Justification Background’ 
l New Capability/Performance Desired 
0 Project Scope 

. CoF Funded Portion 
w R&D Funded ?ort.ion 

PROJECT MANAGE;MENT 
l Work Breakdown Structure 
l Management Structure/Organization 
l Roles and Responsibilities 
l Project Controls and Status Reporting 
l Documentation Plans and Status of End Items 

a Management Plan 
w Standard Operating Procedures (SOP) 
M Safety , Reliability , and Quality Assurance (SR&QA) Plan 
. Safety Analysis Report @AR> 
w Inspection ?!an 
w Maintenance and In-Service Inspection Plan/Procedures 
m Design Criteria Document 
. Interface Requirements Document 
. Configuration Control Plan 
w Hazard Analyses and Critical Items List (GIL) 
. GIL Xnstallathn Procedures 
w Operational Checkout Plan/Procedures 
m SotZwsre Management and Assurance Program WiAP) Plans 
s Design Analyses 

DESIGN REQUM3MENTS/CONSTRAINTS 
0 System Intetiaces 

. Between Work Tackage 
w With Existing Facility 

a Element3 oi’ii~rhx %qx:ironzen& Document 
a Elemenb of3erip CTitkria Dccllment 

- ~C!~Nir~ ?L~2?lii?~TkXl+~ List 
w ?rc~LT-z;1 ;i:: 32ZLA -;-xzants/Objectives List 

7 m .,,A * ,,a-; LI - ?s.--ljy-~z.z~.+~ ‘,ist A .-‘~--- _ -_ . . , -*c -, 
7-q . n..; - - .‘rl -‘::A,. : I -.. iI.-‘):1=13.‘-0 IAt 

T.S. 162; . . 
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V. PRELIMINARY DESIGN 
l Preliminary Design Concept Drawings 
l ‘Block Diagrams and Schematics 
l Design Approach and Supporting Analyses 

w Architectural 
m Structural 
m Mechanical 
. Electrical 
w Controls and Associated Sofbare 

l Tradeoff Studies 
l Areas of Technical Uncertainty/Risk 
l Design Verification Test Results/Plans 
0 Performance Analyses ’ 
l Status Summary of Design Compliance with Design Criteria and Interface 

Requirements Document - 

VI. SAFETY, RELIABILITY, AND QUALITY ASSURANCE 
l Overview of SR&QA Approach During DesigdAcquisitioalConstrutructionl 

Checkout 
l Systems Safety Features Included in Design (interlocks, stops, and so forth) 
l Hazard Analyses Results and Reliminary Critical Item List (GIL) 
l Implementation of SR&QA Plan 
l Field Verification Status of Interface Drawings to be Referenced in Acquisition 

Package 
l Potential Revisions and Additions to Existing Facilities Baseline List (FBL) 

. 0 Areas of Concern or Uncertainty 

VII. COST 
0 Baseline PER Cost Estimate 
l Current Cost Estimate and Rationale for any Cost Variations 
l Cost Concerns/Uncertainties (design or construction) 

VIII. SCHEDULE 
l Reject Level 
l Work Package Level 
l Status of Design Tasks Against Plan 
l Schedule Concerns/Uncertainties (design or construction) 

IX. SUMMARY 
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Attachment C to LBKI 7000.2 

I. 

II. 

III. 

IV. 

V. 

CRITICAL DESIGN REVIEW (CDR) 
Sample Agenda 

INTRODUCTION 
l Scope of Review 
l Status of Design 
l Status of Action Items 
l Agenda 

PROJECT OVERVIEW 
l Project Justification Background 
l New Capability/PerformanceExpected 
l Project Scope 

w CoF Funded Portion 
w R&D Funded Portion 

PROJECT MANAGEMENT 
0 Management Structure/Organization 
l Documentation Status 
l Overview of Acquisitiod Plan 
0 Acquisition Package(s) Status 

DESIGN REQUIREMENTS/CONSTRAINTS 
l System Interfaces 

w Work Packages 
. Existing Facility 

l Elements of Interface Requirements Document 
8 Elements of Design Criteria Document 

FINAL DESIGN 
l Final Design Concept Drawings 
l Block Diagrams and Schematics 
l Design Details and Supporting Analyses 

- Architectural/Structural/Mechanical/Electrical 
Controls and Associated Software 

0 Performance Analyses 
l Maintainability, Repairability, and Operability 
@ Producibility and Manufacturing Readiness 
l Human Engineering 
* Mock-ups, Breadboards, and/or Prototype Hardware 
s Design Verification Test Results 
s Summary of Design Compliance with Elements of Design Criteria and 

Interfxe iiequirementa Documents 
l Areas ofTechnical Uncertainty/Risk 

T.S. 16a; 1 
December 5, 1989 



Attachment C to LMI 7000.2 

VI. SAFETY, RELIABILITY, AND QUALITY ASSURANCE 
l Status of Safety, Reliability, and Quality Assurance (SR&QA) Activities 
l Verification Status of Interface Reference Drawings 
l -Status of Facility Baseline List Drawings 
l Independent Reviews of Drawings and Analyses 
l Hazard Analyses and Updated Critical Item List (GIL) 
l GIL As-Built Assurance Plan 
l Systems Safety Features Included in Design 
l Overall SR&QA Assessment and Areas of Concern/Uncertainty 

VII. COST 
l Baseline PER Cost Estimate 
l Current Cost Estimate and R+ionale for Changes from PDR 
0 Cost Concerns/Uncertainties 

VIII. -SCHEDULE 
l Project Level 
l Work Package Level 
l Design Completion and Preparation of Procurement Package 
0 Procurement Cycle 
l Schedule Concerns/Uncertainties 

‘3 65 

IX. SUMMARY 
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INTEGRATED SYSTEMS REVIEW (ISR) 
Sample Agenda 

INTRODUCTION 
l Objective and Scope of Review 
0 Agenda 

PHOJECTOVERVIEW 
l Programmatic Requirements 
o Description of Construction Project and Functional Operation of Facility 
l Top Level Schedule and Status 
l Summary of Prior Reviews of All,Types 
l Status of Open Action Items from Design Reviews 

CONSTRUCTlON 
l Overview and Overall Status of Construction 
l Detailed Discussion of Facility Components/Systems/Controls 

s Brief Description of Specifications by Which Item was 7 
Procured/Constructed 

m Changes in the CDR Design (including field changes) and the 
Independent Reviewing Body for Each 

m Summary of all Qualification, Proof, and/or Acceptance Testing . 
Performed and Results 

a Summary of As-Built Compliance with Contractual Requirements 
l Status of Construction Contract(s) and Contract Submittals (including as- 

built drawings) 
l Concern, Limitations, and Potential Problem Areas 

DOCUMENTATION 
l Overall Documentation Required (documentation tree) 

- Design Related 
s Safety , Reliability , and Quality Assurance (SR&QA) Related 
- Construction Related 

Test Related 
e Management Related 

l Status Summary 

FACILITY SHAKEDOWN 
l Overview of Objectives 
l Management Structure/Organization, Roles, and Responsibilities 
l Operating Personnel Readiness (includes training and certification) 
l Field Verification Status of Facility Baseline List (FBL) As-Built Drawings 
l Details of Shakedown Plan 

- Tasks 
Operating Procedures (Standard and Test Unique) 

- Configuration Management Procedures 
- Test Instrumentation and Data Reduction 
- Schedule 

0 Areas of Concern/Uncertainty 
1 

T.S. 1684 
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VI. SAFETY, RELIABILITY, AND QUALITY ASSURANCE 
l Overview of Facility Safety Program, Special Studies, and Safety Reviews 
l - Safety Analysis Report/Operational Hazard Analyses (including Software and 

Shakedown Unique Configurations and Operations) 
0 Critical Item List (GIL) 
l Critical Interlocks 
l Quality Assurance/Inspection Utilized and any Deviations Accepted (general 

items, critical items, and critical interlocks) 
0 Status of Open Items from Safety/Hazard Analysis Reviews 
l Overall SR&QA Assessment and Areas of Concern/Uncertainty 

VII. SUMMARY ASSESSMENT OF READINESS FOR INTEGRATED SYSTEMS 
TESTING 
l Hardware 
0 Software - 
0 Personnel 
0 OpenItems , 
0 Concerns 
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I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

OPEHATIONAL READINESS REVIEW (OHR) 
Typical Agenda 

INTRODUCTION 
l Objective and Scope of Review 
l Agenda 

PROJECT OVERVIEW 
0 Research Requirements 
0 Project Scope and Status Summary 
0 Top Level Schedule and Summary 
l Status of Open Action Items from Prior Formal Reviews 

INTEGRATED SYSTEMSTESTING 
l Test Results Against Plan 
l Verification of Critical Interlocks -- 
l Resolution of Problems/Failures 
l Configuration Changes 

- Documentation 
- Hardware 

Software 
@ Summary of Overall Project Compliance with Requirements 

DOCUMENTATION 
l Status of Overall Project Documentation Against Requirements 
0 Archival Responsibilities and Status 

OPERATIONS PROCEDURES 
0 Roles and Responsibilities 
9 Typical Sequence of Events and Verification of Standard Operating 

Procedures (SOP) 
0 Emergency Procedures 

SAFETY, RELIABILITY, AND QUALITY ASSURANCE 
l Safety Analysis Changes Since ISR 
l Safety Compliance Verification 
l Personnel Training and Certification 
l Quality Assurance and Compliance with Specifications 
l Configuration *Management 
* Open Items 

SUMMARY ASSESSMENT OF OPERATIONAL READINESS 
l Hardware 
l Software 
4 Personnel 
l Trocedures/Documentation 
a Ope3 hms 

1 



ATTACHMENT 14 

NASA LANGLEY MANAGEMENT INSTRUCTION (LMI) 7120.1, AERONAUTIC AND 
SPACE FLIGHT PROJECTS AND EXPERIMENTS REVIEW PROGRAM 

(OCTOBER 21, 1980) 



Natlonal Aeronautics and 

ATTACHMENT 14 t 

Research Center 
Soace Admrwtration MANAGEMENT WI 7120.1 

MANUAL October 21, 1980 

369 

SUBJECT: 

REF : 

s UMMARY 

CRITERIA 

POLICY 

GENERAL 

Special Reviews 

Aeronautic and Space Flight Projects and Experiments Review Program 

NM1 7121.1, “Planning and Approval of Major Research and 
Development Projects” 
NHB 7121.4, “Guideltnes for Project Planning” 
LMI 1710.1, “Human Factors Research, Man-Rating Requirements, and 
Committee Review Procedures” 
LHB 7121.1, “Pro jet t Management” 

. 
This instruction sets forth the criteria, policy, 
and procedures for review of aeronautic and space 
flight projects and experiments under the management 
of this Center and flight experiments included as a 
part of a mission managed external to this Center. 

The criteria stated’ herein are minimum requirements 
that will permit total visibility by a third-party 
review committee of the technical and management 
aspects of Langley Research Center’s (LaRC) flight 
projects and experiments. The requirements of this 
instruction do not supersede other reviews imposed 
by NASA Headquarters, other Centers, or other LaRC 
reviews. 

This Center will conduct the following sequential 
set of reviews for flight projects and experiments: 

- Design Reviews 

. Conceptual Design Review (CODR) 
. Preliminary Design Review (PDR) 
. Critical Design Review (CDR) 

- Preshipment Readiness Review 
- Preflight Review 
- Postflight Review 

This policy may be altered by the cognizant Program 
Director to meet unique requirements. 

The above reviews are advisory in nature and do not 
relieve LaRC personnel of the responsibility for the 
success of the project or mission. 

The Chairperson of each review, or the cognizant 
Program Dtrec:or, may also establish other special 
reviews t3 supplement the above reviews. 
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Support A11 LaRC Program Directors are to support the above 

reviews. They are to furnish senior personnel, 
experienced in the required technical disciplines, 
as requested. 

The Chairperson of each review shall organize the 
Committee and draw support from other Centers or 
Federal Agencies as required. 

Review Deviations 

Review Objectives 

NASA Headquarters 
Participation in 
Reviews 

PROCEDURES 

Design Reviews 

General 

Deviatlons from the revfew policies established in 
this instruction may be made only with the approval 
of the cognizant Program Director. 

The primary objective of the above revf ews is to 
enhance the probability of success of LaRC flight 
missions. This will be achieved by utilizing the 
cumulative knowledge and skills of the team of engi- 
neers and scientists who have been selected for 
their experience with parttcular systems and 
functfons. 

The reviews ~111 be technically oriented, however, 
proper consideration is to be given to operating 
constraints - particularly those involving primary 
mission objectives and program costs and schedules. 

The Project Manager, or equivalent, is to lnsure 
that personnel from the appropriate NASA 
Headquarters Program Office are informed of review 
date and, to the extent practicable, arrange for 
reviews to be scheduled to allow NASA Headquarters’ 
participation. 

There are three levels of design reviews which are 
to be phased into the project/mission schedule at 
appropriate times. New designs are to include all 
three reviews; namely: 

. Conceptual Design Review (CoDR) - In some 
cases this review may be eliminated if the 
concept has been demonstrated and only minor 
changes are necessary. 

l Preliminary Design Review (PDR) 
. Critical Design Review (CDR) 
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Design Reviews 
(Continued) 

General l Membership 

Chairperson: 

Secretary: 
Members : 

CoDR 

l Reviews 

Assistant Director for Systems 
Engineerfng and Operations or 
designated representatLve 
Appointed by the Chairperson 
Representative, Systems Safety, 

Quality and Reliability Office 
At least five representatlves from 

supporting line organizations as 
deemed appropriate by the 
Chairperson. 7 

The Project Manager, or equivalent, is respon- 
sible for notifying the Chairperson of a review 
within sufficient time so as to permit an orderly 
preparation of the review. 

e Minutes 

Minutes of each review are to be distributed to 
committee members and appropriate Division Chiefs 
and Program Directors. 

Minutes are to be made a part of project/mission 
files. 

0 Action 

The ProJect Manager, or equivalent, is responsi- 
ble for insuring that appropriate action items, 
comments, and recommendations resulting from a 
review, also any open action items, are 
appropriately discussed at the next review. 

FUNCTION 

The objective of the CoDR Is to present the scien- 
tific requirements and examine the proposed design 
approach to accomplish these requirements by 
examiniq, <qmpletiny, and presenting the: 

7 
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Design Reviews 

FUNCT ION 

CoDR (Continued) 

PDR 

CDR 

- initial design 
- trade-off studles 
- alternate conFigurations 
- selection of critical parts 
- preliminary analyses 
- definition of environments 
- interface requirements 
- Government Supplied Equipment (GSE) 
- project planning 
- software approach, etc. 

so that the design can be examined at the conceptual 
level tith confidence. 

The CoDR will normally be scheduled at a time ‘which 
will permit assessment as noted above and pcfor to 
the start of development testing. 

The .objective of the PDR is to examine in detafl the 
baseline project/mission design being planned for 
manufacture and qualifications, validate the design 
approaches as related to project/mission require- 
ments, and cover such Items as: 

- mechanical design layouts 
- circuit designs 
- design analyses 
- performance analyses 
- results of development testing 
- GSE requirements 
- manufacturing and qualifFcacion test planning 
- status of reliability, quality assurance, and 

sys terns safety programs 
- status of planning for data retrieval, analysis, 

and publicat fan 

The PDR will normally be scheduled at the completion 
of the preliminary design and prior to the fabtica- 
tion of qualification hardware. 

The objective of the CDR is to examine details of 
the final design and mission, verify the final 
plans, design, fabrication plans, and flight accep- 
tance test planning as related CO project/mission 
requirements, and cover such items as: 

t t 1 nac 
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Design Reviews 

CDR (Continued) 

I 

FUNCTION 

- updated final design and analyses 
- qualiflcatton test and calibration test results 
- functional and performance test results 
- reliablllty, quality assurance, and safety 

programs 
- a review ‘of the plans for data retrieval, 

analysis’, and publlca t ion 

The CDR will normally be scheduled at the completion 
of the quallflcation test program. 

At the conclusion of the CDR, the review committee 
should have confidence that they have reviewed the 
final design and planning, that sufficient data has 
been presented to demonstrate the design Fs com- 
patible with the total flight system, and the 
project/mission will be accomplished within cost and 
schedule constraints. 

Preshlpment Readiness The objective of the Preshipment Readiness Review is 
Review to inspect flight hardware, make final review of 

project/mission plans, concentrate on results of 
acceptance testing, and cover such items as: 

- validating the quality of the hardware 
- confirming that the hardware Is flightworthy and 

will perform properly under the simulated flight 
environment 

- assessing that the mission objectives till be met 
- compliance with mission requirements and 

\ speclf icatlons 
- refurbishment and recalibration plans (when 

required) 
- shipping and storage plans 
- confirmation of compatfbility with all interface, 

weather protection, and contamination control 
plans 

- all failures or anomalies during test 
- status of safety and reliability analyses and 

verification of compliance with documentation 
requirements 

t 

I 

t 

5 
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PREFACE 

This guide sets forth criteria for the certification/recertification of 
the wind tunnel internal structural systems at Langley Research Center 
(LaRC.) . This document is intended to prevent wind tunnel damage or 
injury due to structural failure of wind tunnel components. Procedures 
for certification are established, allowable stresses are specified, and 
a type and format of documentation is prescribed. The inservice 
inspection specified in the recertification procedure sha$I. not replace 
the normal routine repair and maintenance programs already in effect. 
The requirements in this document are to be used in the certifica- 
tion/recertification of the wind tunnels to the extent established by 
LaRC. 



1.0 

1.1 

1.2 

1.3 

APPLICABILITY AND IMPLEMENTATION 

Introduction and Bcope 

This guide contains criteria for the certification/recertification 
of the wind tunnel structural systems at Langley Research Center 
(LaRC). The established criteria are intended to prevent structur- 
al/component loss and/or potential facility damage. This guide 
does not apply either to pressure vessels and systems which are 
covered by NASA Langley Handbook LHB 1710.40 or to Wind-Tunnel 
Model Systems which are covered by NASA Langley Handbook LHB 
1710.15. 

App&icability and Excluded Items 

The requirements in this document or portions thereof are mandatory 
for all new and existing wind tunnel internal structural systems, 
except for wind tunnel structural components or sub-components that- 
are isolated, protected, contained or restrained in such a manner 
that the maximum destructive failure could not be harmful to people 
and/or facilities and equipment. 

Definitions 

a. 

b. 

C. 

d. 

e. 

f. 

9. 

Wind Tunnel Structural System: Any wind tunnel structural 
components or sub-components internal to the tunnel envelope 
whose failure could result in facility damage or personnel 
injury. 

Highly Stressed Areas: An area whose maximum stresses, when 
compared to allowable stresses, result in a margin of safety 
against failure of 0.05 or less, and said failure can result in 
structural system loss and/or facility damage. 

Structural System Certification: LaRC's Recertification 
Officer shall recertify wind tunnel structural systems when 
they satisfy the requirements of this guide. 

Recertification: The verification of the structural system 
certification. 

Recertification Plan: The plan established to verify and 
maintain the continuous certification of the wind tunnel 
structural systems. The plan shall provide for (a) the 
location and/or generation of all required analyses, (b) the 
nondestructive examination of welds and highly stressed areas, 
and (c) the surveillance of highly stressed areas to provide 
confidence in their structural integrity. 

Design Pressure: The maximum pressure which can occur at the 
portion of the tunnel which is being analyzed. 

Design Temperature: The maximum and minimum temperatures which 
can occur at the portion of the tunnel being analyzed. 

3 
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1.4 Responsibilities 

LaRC's Recertification Officer is responsible for the implementa- 
tion of all requirements of this guide. 

2.0 

2.1 

CERTIFICATION/RECERTIFICATION PROCEDURES 

General Description 

This chapter describes the procedures for certification/recertifi- 
cation for wind tunnel structural systems. 

2.2 New Systems 

New wind tunnel systems shall be certified prior to operation. The 
procedures for certifying a wind tunnel structural system shall be 
in accordance with the design acceptance criteria specified in this 
guide or otherwise specified by FENGD. Reviews shall be conducted 
to certify that all new wind tunnel systems are functional and meet 
the criteria set forth in this guide. FENGD may require a fOrmi 
engineering review of all new systems for compliance with this 
document. 

2.3 Systems In Service 

h. 

i. 

k. 

Temperatures effects shall include both transient and steady- 
state thermal analysis where applicable. 

Inservice Inspection: Inspection performed after a system has 
been initially put into service. 

Structural Systems Engineer: Person(s) designated to review 
and approve the safety of design for the wind tunnel &ructural 
systems. Structural systems engineering responnibilities may 
be assigned to a contractor. 

Structural Systems Report: The wind tunnel structural analy- 
ses, tests, inspection results, future inspection plan and 
recommendations in documented format. 

Nondestructive Examination (NDE): Inspection and examination 
of components by various nondestructive methods to determine 
the presence of nonconformities or to monitor known noncon- 
formities. - 

All existing tunnel structural systems shall be recertified for 
operation. The certification/recertification shall also be 
addressed when any internal component is modified so that the 
documentation remains current. The procedure for recertifying wind 
tunnel structural systems and defining periodic inspecti:: is 
illustrated in Figure 1. The individual activities are described 
in the following subparagraphs: : 



a. 

b. 

C. 

d. 

e. 

- 

f. 

h. 

i. 

Specify wind tunnel facility: The name and location of t 
wind tunnel shall be specified. 

Define system and operating conditions: The wind tunnel syst 
and operating parameters such as test medium, pressul 
temperature, and cyclic operation shall be determined. 

Identify system components: The wind tunnel components 2 
sub-components shall be identified by means of schematics tl 
identify, describe, and inventory each component and : 
location. 

Determine loads for each component: The maximum loads wh: 
can occur on each structural component shall be determined i 
specified. 

Review existing analysis and any certification documentatic 
All existing design analyses shall be obtained and reviewed : 
verification and completeness of design as per the requiremel 
of Sections 3.0 arEi 4.0. 

Provide a complete analysis: In the event that the analysis 
not complete or does not exist, a complete analysis shall 
provided. In evaluating stresses and fatigue life, 
analytical procedures as defined in Sections 3.0 and 4.0, ( 
the Appendix shall be used. 

Establish alternate design requirements: In cases w: 
alternate design criteria and analysis methods (for exam 
elastic-plastic analysis, non-linear analysis, altered saf 
factors, or proof testing) are used to ensure the safe ope 
tion of the system, sufficient explanation and detail shall 
provided. When the analysis utilizes alternate design trite 
or analysis methods, FENGD may direct use of further inspect 
criteria upon the subject component to ensure safety. 

Determine highly stressed areas: The results of the analy 
and the areas of high stress shall be identified and summari 
in the structural systems report. 

Perform NDE: 
(1) IAll welds shall be visually examined in accordance w 

the requirements of the applicable American Weld 
Society Code, e.g. ANSI/AWS D1.1 for steel StrUCtUreS 

ANSI/AWS D1.2 for aluminum structures. 

(2) All high stressed areas and lOk$% of all welds shall 
examined using one of the following nondestruct 
examination methods: radiographic, ultrasonic, 
penetrant, magnetic particle, eddy current, or visu 
LaRC's Recartif, 4cation Officer shall specify the welds 
be ir,spes-,ec! 3~0 the nondestructive examination methoc 
be us.ed. In z~r‘srming -these examinations, the procedc 
3rd 3cz~-,-c22c2 'Z', --_ _- i:: -z-i ;I The 3pplicaSle Xslerican We11 
3cc13::.': 3,,23 -'- . 1 '-;?;;I. zr.2 - 
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Figure 1: gocertification Procedure Flow Chart for Struetura% @vPstems 
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3.0 DESIGN AND ANALYBIS 

3.1 General 

The design of the wind tunnel structural components shall be in 
accordance with the criteria set forth in this section. 

3.2 Standards 

Unless otherwise specified, applicable provisions of the following 
standards, codes, or handbooks are acceptable: 

American National Standards Institute (ANSI) 

American Institute of Steel Construction (AISC) 

American Society for Testing Materials (ASTM) 
- 

American Welding Society (AWS) 

American Society for Nondestructive Testing (ASNT) 

American Society of Mechanical Engineers (ASME) 

National Electric Code (NEC) 

National Design Specification for Stress Grade Lumber (NDSSGL) 

Society of Automotive Engineers (SAE) 

LaRC Safety Regulations Covering Pressurized Systems (LHB 1710.40) 

National Bureau of Standards (NBS) 

Aerospace Structural Metals Handbook - Department of Defense (DOD) 

Advance Composite Design Guide - DOD/NASA 

Unless identified by date, the edition - including addenda and code 
cases - in effect at the start of recertification shall apply. 

3.3 Design Loads 

a. The design pressures and temperatures shall be established by 
research personnel and shall be included in the structural 
systems report (see Section 4.0). 

b. The loading conditions used for each component design shall 
include where applicable: dead loads, centrifugal, aerodynamic 
and thermal loads for the extremes of the test conditions, and 
design cycle life requirements. Worst case combinations of 
loading conditions shall also be sonsicierzd. 
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3.4 Material Properties 

a. 

i. 

C. 

d. 

e. 

Standards: Material Properties (mechanical and other) shall be 
determined using the latest issue of recognized standards, or, 
when necessary, experimental test data. 

Adjustments: All material properties, design criteria, and 
allowable stresses shall be suitably adjusted for operational 
temperature, pressure, 
machining, 

heat affected zones from welding or 
stress corrosion, and any other environmental 

effects which may be present during the period the material is 
under stress. 

Material Properties Verification: When material properties 
cannot be determined because of material uncertainty or lack of 
documentation for a known material, 
like materials may'be used, 

worst case properties of 

testing. 
or properties may be determined by 

For cryogenic applications, 
given to the determination 

particular care shall be 

properties. 
of strength and Charpy V-notch 

7 
Galling: 
surfaces. 

Galling shall be considered in evaluating faying 

Toughness: For all applications requiring high material 
toughness, the Charpy V-notch impact strength properties (C,) 
set forth below are required (except for specific materials as 
noted in paragraph 3.4e(2)). 

(1) Impact Strength: The following Charpy V-notch (C,) 
impact strength values are required for carbon and low 
alloy steels (including welds, heat affected, and base 
materials): 

Material Tensile 

Lateral Expansion 2 0.015 

(2) Exceptions: Materials which (1) do not undergo a marked 
drop in impact resistance at cryogenic temperatures, and 
(2) meet the requirznent of sections 3.4a through 2.4dmaY 
Se used without meeting the C., requirements. These 

0 
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materials are as follows: aluminum alloys, copper and 
copper alloys, nickel and nickel alloys, austenitic 
stainless steels, and composite materials. 

f. Cryogenic Applications: 
applications, 

In analyzing materials for cryogenic 
special consideration must be given to low 

temperature embrittlement, 
and dimensional stability. 

coefficient of thermal expansion, 
Such considerations must be given 

not only to primary (load carrying) structural materials but 
also to solders, brazes, fillers, and so forth. 

(1) Cryogenic Materials Data Sources: Suggested sources of 
information on materials which have been characterized and 
evaluated for cryogenic use are as follows: 

l Materials for Cryogenic Wind Tunnel Testing. National 
Bureau of Standards Report, NBSIR 79-1624, May 1990. 

l Cryogenic Materials Data Handbook. Volumes I and II. 
Technical Documentary Report, AFML-TDR-64-280 (Rev. 
1970) 

l Handbook on Materials for Superconducting Machinery. 
Metals and Ceramics Information Agency Report, MCIC-HB- 
04, November 1974. 

3.5 Allowable Stresses 

a. General: The allowable stress criteria for materials given in 
this section are based on well established design practices. 
Three methods are provided for establishing stress design 
allowables. Methods 1 and 1A are based on conventional, 
conservative approaches which can be employed where structural 
design optimization is not a factor, and minimum analysis 
effort is desired. Method 2 is a systematic approach which can 
yield a more optimal structural design. Individual structural 
components or subsystems can be designed to the allowables of 
either Methods 1, 1A or 2. 

b. Method 1: For standard handbook analysis at temperatures below 
the 'creep range, the allowable combined stress (axial plus 
bending) shall be the smaller of the values of one-quarter 
(l/4) of the minimum ultimate strength or two-thirds (2/3) of 
the minimum yield strength of the material at temperature. 
This corresponds to a safety factor of 4 on ultimate or 1.5 on 
yield, respectively. In this method, the combined stress to be 
compared to the allowable shall be calculated for worst 
combined load cases (mechanical plus thermal) and include 
stress concentration effects. 
data, 

In the absence of shear strength 
maximum allowable shear stress for all combined loads 

shall be taken as one-third (l/3) of the minimum yield strength 
at temperature. The maximum allowable beariq stress shall 3e 
equal to the 'yield strength at tamner>+.*.r? 
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C. Method 1A: In certain cases a variation on the allowables of 
Method 1 is acceptable. Method 1A is intended to address 
situations where the allowables of Method 1 cannot be met when 
stress concentration effects are included in areas where the 
stress state is well defined (for example, a perforated plate 
loaded in bending). In such cases, a highly localized stress 
cannot result in collapse of the structure but rather becomes 
a concern in terms of localized distortion and crack initiation 
which could lead to fatigue failure. In such cases, the 
allowables of Method 1 may be used without including the stress 
concentration effect. However, the stress concentration effect 
along with other fatigue reduction factors must be applied, and 
a fatigue or fracture mechanics analysis shall be performed per 
section 3.6~ or 3.6d, respectively. 

d. Method 2: This method may used when the system cannot be 
certified/recertified to the allowables of Methods 1 or 1A. 
However, in order to design to the allowables in this section, 
the stress state in the structure must be well understood with 
a high level of confidence. Closed-form solutions and standard 
handbook calculations will in many cases suffice. 'However, for 
highly indeterminate complex structures, a more in-depth 
analysis will be required using state-of-the-art structural 
analysis codes employing finite element or finite difference 
techniques. 

(1) Terminology for Method 2: 

(a) 

tb) 

(cl 

id) 

te> 

Combined Principle Stress Intensity: The combined 
principle stress intensity is defined as twice the 
maximum shear stress and is the difference between 
the algebraically largest principle stress and the 
algebraically smallest principle stress at a given 
point. 

Normal Stress: The stress normal to the plane of 
reference. 

Shear Stress: The stress tangent to the plane of 
reference. 

Membrane Strc,ss: The component of normal stress 
which is uniformly distributed and is equal to the 
average value of stro ss across the thickness of the 
section under consideration. 

?rimary Stress: 'I‘he stress (norznai cr shear) which 
is nscessar:! .tc satisfy the simple laws of equilib- 
ri113 92 3x t 3r7.2.1 and 1ntarr.91 loads. A thermal 
strass is nc-, a >risary stress. Zxamples of primary 
St- 2S31,'Z -- .3:3; 7"" --s-L . ..-.. e-.-c- -3'picr3r.e s'trsss (axial force 
?Jl.,- ;>,A -'* -mrs=.s e-+-d. rr, zross-eec-,,onal 3r3a 02 a structur- 
?i _ 2' >..s ..- - - -..,c., - -,-: --^*. __ ---a--- '-' -- .A __..# 3 ___ -.1= ,E!r..c5iq mcment 
e . ;,.. - . . * , _ ::.J'.. _, ' ,-: 2 ;',z- - - - y,p,d-l 1.2; -- --- . . aa. 1 ;:r:c.:x3 :. 2emker) . 
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(f) 

(9) 

th) 

ti) 

Secondary Stress: The stress (normal or shear) 
developed by constraints or by the self-constraint 
of a structure. Examples of secondary stresses are: 
general thermal stress and bending stress at a gross 
structural discontinuity (sudden changes in geometry 
which affect a relatively large portion of the 
component). 

Incremental Peak Stress: Incremental peak stress is 
defined as the increment added to the stress at a 
point to give the total peak stress in areas of 
stress concentrations or local thermal stresses. 
The basic characteristic of a peak stress is that it 
does not cause any noticeable distortion and is 
objectionable only as a possible source of a fatigue 
crack or a brittle fracture. 

Thermal Stress: Thermal stress is a self-balancing 
stress produced by a nonuniform distribution of 
temperature, by boundary conditions, or by differing 
coefficients of thermal expansion. Tyo types of 
thermal stresses are considered: general thermal 
stress associated with distortion of the structure 
in which it occurs, and local thermal stress associ- 
ated.with almost complete suppression of the differ- 
ential expansion/contraction and thus produces 
virtually no distortions. 

Stress Cycle: Stress cycle is a condition in which 
the alternating stress difference goes from an 
initial value through an algebraic maximum value and 
an algebraic minimum value and then returns to the 
initial value. A single operational cycle may 
result in one or more stress cycles. 

(2) Calculation of Combined Stress Intensity: At the point on 
the structure which is being investigated, choose an 
orthogonal set of coordinates (i,j,k). The stress 
components in these directions are then designated ai, aj, 
bk for normal stresses and IFj, 
stresses. rjk’ ‘kit for shear 

Calculate the stress components for each type of loading 
to which the part will be subjected and assign each set of 
stress values to one of, or a group of, the following 
categories: 

(a) Primary membrane stresses, Q, 

(b) Primary bending stress, Q~ 

(cl Secondary stress, a, 

td) Incremental peak stress. 1. 



. 

Translate the stress components in the [i,j,k] (may be 
rectangular, cylindrical, or spherical coordinates) 
directions into principle stresses cl, a2, u3. Next 
calculate the value of the stress difference c712, a23, and 
ajl from the relations: 

012 = tq - 02) NOTE: For a biaxial state 
023 = (02 - 03) 
031 = (03 - q) 

of stress oj = 0. 

The combined stress intensity S is the largest absolute 
value Of 012, 023, Q31. 

(3) Stress Intensity Allowables: 

(a) Primary Membrane Stress Intensity, .a,, shall not 
exceed ehe allowable membrane stress, S,. 
be the smaller of: 

S, shall 
- 

2/3 Sy@temperature 
2/3 Sy@700F 
l/3 S,@temperature 
l/3 SU@700F 

(b) Primary membrane plus primary bending stress inten- 
sity for solid rectangular cross sections shall not 
exceed 1.5 times S,: 

Qm + ‘b L 1.5 s, 

Primary membrane plus primary bending stress inten- 
sity over the gross section of non-rectangular or 
hollow cross sections (including rolled shapes) 
shall not exceed S,: 

(c) Primary plus secondary stress intensity shall not 
exceed 3.0 times S,: 

i 6, + a), + 6, ( 3.0 s, 

(d) Primary plus secondary plus peak stress intensity 
shall be evaluated by Fatigue Analysis (Section 
3.6~). 

(4) Other allowables: 

(a) The algebraic sum of the three principal stresses 
shall not exceed 4.0 times S,: 

al + a2 + u3 5 4.0 S, 

(b) Bearing stre ss shall be less than or equal to S:,. 

13 



(cl Pure primary shear stress shall be less than or 
equal to 0.6Sm. (Shape factors which are applied to 
calculate maximum transverse shear stress at the 
centroids of cross sections do not apply to pure 
shear stress calculations). Typical components 
which undergo pure shear include keys, bolt and nut 
threads, and shear pins. 

(5) Stress Allowables For Composites 

(a) General: Allowable stresses and stress intensities 
will generally be in accordance with the above 
requirements. The yield or ultimate strength of the 
composite material shall be taken from test data for 
the particular lay-up. When test data is not avail- 
able, the stresses in each ply of the laminate shall 
be calculated and compared with the allowables for 
the ply material. 

- 
tb) Shear: Because of the complexity of shear loadings 

in composite materials, a safety factor of 2 on the 
as-built ultimate shear strength, both interlaminar 
and laminar, is required. 

3.6 Structural Analysis/Design 

a. 

b. 

C. 

d. 

e. 

Stress Analysis: A stress analysis is required as a part of 
the structural systems report. It shall be complete and 
sufficiently comprehensive so as to require no further explana- 
tion. 

Thermal Analysis: Sufficient analyses shall be performed to 
examine thermal stresses and distortions for steady-state and 
transient conditions. 

Fatigue Analysis: The provisions of this section apply to 
components that are subjected to cyclic loadings to the extent 
that fatigue is a credible failure mode. The fatigue analysis 
is performed on the premise that no flaws or cracks initially 
exist in the structure. Appendix A is provided as a guide for 
performing fatigue design analysis and for determining the 
remaining fatigue life in a component. 

Fracture Analysis: Fracture mechanics analysis may be used to 
evaluate known flaws. The fracture analysis may preclude the 
fatigue analysis as the basis for design life calculations. 

Design Life: The design life requirements for the fatigue 
and/or fracture analysis for structural components and the 
sources shall be referenced. In cases where the projected 
load-cycle/design life requirement is not *dell defined. the 
following approximations shall Se used: 



i -3 88 

(2) 

conditions over its life shall be multiplied by 1.5. This 
number shallbethe primary design life-cycle requirement. 

Unsteady Oscillating Loads: Unless otherwise known, the 
assumed maximum peak unsteady load shall be 25 percent of 
the steady loads at a random frequency. Unsteady aerody- 
namic loads shall be considered when flow conditions may 
result in unsteady perturbations produced by such phenome- 
na as shedding vortices, varying separation or stall 
zones, inlet turbulent intensities, number of guide vanes 
per revolution of rotor, etc. These unsteady loads may be 
of either random or known frequencies. 

f. Creep: Creep shall be considered when material temperatures 
exceed l/2 of their melting temperatures (temperatures are on 
the absoiute scale). 

4. Mechanical Connections 
- 

(1) Structural Joints: 

(a) Welded Joints: 
and fabricated 

All welded joints shall be designed 
in compliance with AWS. 

(b) Bolted Joints: All bolted joints shall be designed 
and analyzed for the loads specified in paragraph 
3.3 and for a clamping force of 1.5 times the maxi- 
mum separating force. Bolted joints may be friction 
or bearing type. If a bolted joint is the bearing 
type t no shear loads shall be transmitted through 
the threaded portion of the bolt. Shear loads may 
also be transmitted by keys, pins, or shoulders. 

(2) Fasteners: 

(a) Preload: Fasteners shall be designed for a maximum 
preload not to exceed th of the bolt materials' yield 
strengths. 

(b) Thread Engagement: Thread engagement shall be 
designed to develop strength equivalent to the bolt 

1 ultimate strength. The design shall consider both 
the parent and the insert material. 

(c) Retention: Bolts in critical applications must be 
secured by mechanical systems (locking-tab washers, 
locking inserts, interference threadforms safety 
wiring, jam nuts, and so forth) and/or approved 
chemical locking systems. 

h. Stability 

(1) Buckling: The allowable compressive stress/load in 
columns and skins shall not exceed one-half (l/2) of the 

1s 
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4.0 

4.1 

DOCUMENTATION 

General 

A Structural Systems Report shall be prepared for all *wind tunnels 
structural systems at LaRC. This report will present analyses and 
related inspection results which reflecti + the current safety status 
of the wind tunnel structural systems. 

4.2 COnt8XltS 

critical buckling stress/load calculated using the proper 
slenderness ratio. 

(2) Aerodynamic stability: The stability of the structural 
components shall be analyzed to ensure that undesirable 
events such as divergence and flutter do not create 
unstable conditions. 

(a) Divergence: The allowable dynamic pressure causing 
divergence shall not exceed onerhalf (l/2) of the 
actual dynamic pressure on the component. This 
requirement is also satisfied if the ratio.of the 
increase in normal force on the component to angle 
of attack of the flow does not exceed l/2 of the 
support system restoring force generated by such an 
angle change (change in force / change in angle of 
attack): 

(b) Flutter: The structural components shall be suffi- 
ciently designed to avoid flutter. A factor of 
safety of 2 shall be applied to the dynamic pressure 
when calculating the aerodynamic forcing functions 
causing flutter. 

i. Dynamic Analysis 

(1) General: The special requirements set forth in this 
section apply to systems which have rotating parts, such 
as fans and rotors, or systems to which dynamic loadings 
are applied. 

(2) Analysis: Equivalent G factor, real eigenvalue, transient 
response, frequency response, or random response analyses 
shall be performed if required to determine the structural 
adequacy of the system. 

The structural systems report shall contain 1) a main body 
describing the facility, am2 summarizing all results and recommen- 
dations 2) appendices which include szatxs sheets showx*q the 
certification/recertifica.:ion s-tat-25 ,sr ea4cl;, .xaj cr s;rstam or 
component, and 3: at%ach:.enz~ _. .--,.:iIn~ 1 mf- ~:rTF~:n~nt an?l~rs 2s 
back-jrgund Lnf2yyz-i~-. zr+ ~?:._I~~+ XT-T - >.?.-I -3 *'- .: G ---+--- -__ i -,I 
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attachments shall be capable of standing alone. 
report shall contain: 

As a minimum, the 

a. Main body 

(1) Record of Revisions Page 

(2) Table of Contents (including a list of appendices and 
attachments). 

(3) Introduction 

(4) Facility Description: A description of the facility 
including system contents and service conditions such as 
aerodynamic pressure, temperature, cyclic.operations, flow 
characteristics, etc. 

(5) Executive Summary: The executive summary shall consist of 
the significant results used in the certificationlrecert- 
ification process. 
dations, 

This contains the findings, recommen- 
and future inspection plan. 

7 
(a) Findings: Any deviations to the requirements of 

this guide or unacceptable conditions revealed by 
the analysis which restrict full certification/ 
rece.rtification shall be reported. 

(b) Recommendations: Any recommendations for disposing 
of the deficiencies shall be stated. 

(cl Future Inspection Requirements: The future nonde- 
structive examination requirements shall be estab- 
lished based on the highly stressed areas. A draw- 
ing showing the type of NDE and years of future 
inspection shall be developed. 

(6) Recertification Approach: A general description of the 
procedure followed to recertify the facility shall be 
provided. 

(7) Status Sheet Key/Definitions: This section shall desig- 
nate the definitions and/or keys used in the status sheets 
which are contained in the appendices. 

b. Appendices: An appendix 
described in the facility. 

shall accompany each sub-system 

main listings: 
Each appendix shall contain two 

(1) a list of the non-complying components and 
suggested recommendations, and (2) a list containing the status 
of all components. 

(1) Non-complying components: This listing identifies the 
components which do not meet the recertification require- 
ments within this guide. The following information shall 
be included: 



I i .:I 3 1 

(a) 

(b) 

(cl 

(d) 

(4 

(f) 

(9) 

Drawing number showing the location of the component 

Item number of component 

Description of component 

Actual component stress 

Allowable component stress 

Problem description 

Recommendation 

(2) Status Summary: This listing summarizes the status of all 
components. The list shall contain brief descriptions of 
the 

(a) 

(b) 

(cl 

(d) 

W 

(f) 

(9) 

(h) 

following' categories: 

Drawing and item number. - 

Component description 

Material 

Installation date of component 

Inspection date of component 

Maximum actual stress 

Maximum allowable stress (or equivalent) 

Margins of safety. Margin of safety shall be calcu- 
lated as: 

! 

(i) 

(j> 

(k) 

M.S. = Al 1 owabl e Stress 
Actual Stress 

or similarly when levels other than stress are being 
compared. 

Footnotes which may be added to further clarify 
component information. 

References specifying the recertification details 
contained within the attachments. 

Recommendation for each component. The component is 
either recertified/certified, recommended for remov- 
al, repair, monitoring or derating. 
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C. Attachments: The attachments shall provide background informa- 
tion of the recertification. The attachments shall specify the 
following: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Component or System Definition and Description: This 
shall include as-built drawing numbers and sketches for 
the system or component. These drawings and/or sketches 
shall describe the system and/or component design and 
location. A supplementary narrative description may be 
included as needed. 

Materials: The material properties adjusted for operating 
conditions. 

Allowables: The allowable stress levels for each stress 
classification at the applicable temperature. 

Loading Conditions: A description of all non-negligible 
loads imposed on the component. If loads are derived from 
analysis, the analysis shall be presented or referenced 
here. Examples of loading conditions are dead (gravity) 
loads, thermal loads, aerodynamic loads, and mechanical 
loads. 

Assumptions: A description of assumptions used in the 
analysis which affect the final results. 

Method of Analysis: A description of the methods used in 
the structural analysis. 

Stress Analysis: A clear, detailed, and structured 
analysis shall be presented. References to equations 
which are not common knowledge shall be given. The 
analysis shall be complete and self-contained. Existing 
analyses may be referenced and not presented in detail if 
no changes to the analysis are required. This section may 
be further subdivided to reflect individual types of 
analyses such as buckling, thermal, fatigue, fracture 
mechanics, static and dynamic. 

(a) The stress analysis shall show whether allowable 
stresses are exceeded for the worst load case(s). 

(b) Each detailed analysis section shall contain a 
description of the components, a sketch showing 
forces and moments acting on the part (free body 
diagram) and statements of assumptions, approxima- 
tions, section and physical properties, type and 
heat treat condition of the ma=eriais, and pertinent 
drawing numbers. 
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(d) Where applicable, finite element analyses documen- 
tation shall include computer generated plot(s) of 
the finite element model(s), descriptions of loads 
and boundary conditions, tabular or graphical summa- 
ry of stress data, and name of structural code used. 
Validation of finite element model(s) is required by 
either closed form solution approximations or other 
evidence which shows high confidence in the finite 
element model(s) such as equilibrium checks, conver- 
gency I accuracy of solution, and so forth. 

(8) Waivers, change notification sheets, and other supporting 
documents. 

(9) Results of NDE 

(10) References: Books, papers, analyses, reports, drawings, 
letters and any other reference material used in the 

_ development of the report. 

'5.0 QUALITY ASSURANCE 

5.1 Introduction 

This chapter provides the detailed quality assurance criteria for 
the recertification of wind tunnel internal structural systems at 
LaRC. These criteria are intended to ensure that the as-built wind 
tunnel structural system hardware meets the criteria specified 
within this guide. 

5.2 Recertification Plan 

FENGD is responsible for creating and maintaining a recertification 
plan. This plan shall provide methods for monitoring the inservice 
inspection results and resolving discrepant items. The recertifi- 
cation plan shall also track revisions to hardware or operating 
conditions which might affect the certification. Each change 
and/or inspection shall be reviewed by the structural systems 
engineer to determine if the change meets the requirements of this 
guide. The results of inservice inspection coupled with the review 
of revisions and changes will ensure that the structural systems 
are continuously certified. The recertification plan monitors any 
change in the structural system by keeping track of the following 
records: 

a. Operational history (including but not limited to: exposure to 
temperature in excess of design, exposure to operation in 
excess of maximum operating design parameters, change in 
location). 

b. Records of modifications or repairs. 

P 
.d . Records of inspeczions and tests ~erfgrrned 27 :':.3 ~'rst,or?.. 



d. Date of last inspection. 

e. Waivers 

5.3 Deviations 

Two types of deviations from this guide may occur. The first 
deviation being a design which dces r,ot meet the requirements or 
alternate design requirements established in this guide, and the 
second from an unfavorable condition found during the inservice 
inspection. Deviation requests fo, r component design and inservice 
inspections will be handled in the following manner. 

When an inspection or review of csmponen t analysis reveals evidence 
of deviations from the criteria in this guide, the discrepancy must 
be processed in accordance with the provisions of this paragraph. 

a. Documentation - A deficiency noted by the inservice inspection 
or design analysis must be documented and reported to FENGD for 
disposition. Deficiencies x*.~st be recorded in the structural 
systems repcrt. 7 a 

b. Disposition - FENGD shai; c~srd~:~~:c thz corrective action or 
otherwise dispose of t3.z de?lcFency. 752 disposition may 
consist of additional znginearkg analysis, repair, modifica- 
tion, derating, additicnal ttszs? 3r inspections. 

(1) 

(2) 

(3) 

(4) 

Additional Q,gi:zez<ii-.q ‘7='ysia - Xddizicnal engineering r-l. .^ - 
8valIlaticn nay be 2s~: --e-s+ -:-;T- 32~3 r=,=listic assump- -e-.. -- __A.. 3 
tions and/or so?hlstic.a=+2 nazhods to certify/recertify 
the system for the original ol;eracir.g conditions. When 
the new basis has been determined, the appropriate 
inspect ions and tas",s x*x", :,le psrt‘crmed and documented. 

Derating - A system or compcnent may be derated to less 
severe service conditi ons on a parmanent or temporary 
basis. Temporary derating allows the system to be 
operated at a safe ssr-rice Level during the time it takes 
to make modifica?Lzns or to devslo,p- the engineering 
rationale require;: to c~~~~~~~~rasert~ry the system for 
permanent serV152. 

Repairs or Xodif:za=ior.s - ,/I-r= s;~‘s~,s.TI .~r zzmponent may be 
repaired or modiflad and r=--?-~o+ 'I3 a ,ccndition that can A - --- .-Me 
be recertifiad. X?prcszlaza insoeszic~.s and ~zsts must be 
performed a?", ~!oz*~menzz2. 



Each waiver must be documented and be included in the structur- 
al systems report. 
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APPENDIX A: FATIGUE ANALYSIS 

A.1 Definitions 

The figure below shows a typical stress cycle: 

where: Smin = minimum 
stress 

S max 7 maximum 
stress 

S mean = mean stress 
= 

S 
( Smax+Smip) / 2 

alt = alternating 
stress 

= (Smax'Smin) /2 

The following ‘are definitions pertaining to fatigue analysis: 

ii 
= actual number of stress cycles of a load case 
= allowable number of stress cycles from the fatigue curve 

U = usage factor of a specific load case = the fraction of a 
component's fatigue life which has been exhausted 

= n/N 
U = the total usage factor = the summation of all load case 

usage factors and shall be less than or equal to 1.0. 
=i = principal stress 

SF) = stress difference rang8 = ai - a 
sij adj = stress difference range adjusted 4 o incorporate the differ- 

ence of modulus of elasticity of the actual material to 
that of the fatigue curve 

= si x (E /E 1 
S alt = I/i of t'h","",dj%?~d stress difference range 

z (112) X S~J X (Ecurve/Eactual) 

A.2 Fatigue Curve 

FatigU8 (S-N) data for the material at test temperature shall be 
used. Whenever applicable, the fatigue curves (S-N curves) in 
Section VIII, Division 2, Appendix S of the ASME Boiler and 
Pressure Vessel Code shall b8 USed in the fatigue analyses. When 
the fatigue curves in Section VIII, Division 2 are not applicable, 
the baseline S-N data shall b8 located through a search of the 
technical literature. These data shall then be adjusted as 
described in the document "Criteria of the XSME 3oiier and Pressure 
Vessel Code for Design by Analysis in Sections I=: and VIT' L-t 

23 



A.5 Example 

A component fabricated from carbon steel is subjected to the 
following load cases of cyclic stress at 70°F: 

First, the principal stresses are calculated and ordered 
consistently by direction. Then the stress differences are 
calculated: 

- 

Figure S-110.1 from the 1989 ASME Boiler and Pressure Vessel 
Code, Section VIII, Division 2, Appendix 5, is used as the 
s - N curve for the carbon steel. E of the curve is 30 x lo6 
psi. E of the material at 70°F is 29.5 x lo6 psi. 

Combine S12 's and the number of cycles, calculate Salt = 
t1i2) ts12) (Ecutve/Eanalyeie ) find N from the fatigue curve, and 
calculate the usage: 

Motes: 1) Load case 0 Indicates :het no ioedcase iwerposition has QcCJrred- 
2) Inf4nita nwtxr of cycLes indicates that rhc alternating stress is 

bdou the endurance I imit. 



t 

A.3 

A.4 

Division 2" to develop the required fatigue curves. This document 
is available from the Fracture Mechanics Engineering Section, FENGD 
or from the ASME. 

Stress Concentration Factors 

Appropriate stress concentration factors shall be applied to 
stresses in areas of local structural discontinuities before 
principal stresses are calculated. 

Application 

Considering the general case of a component subjected to multiple 
cyclic loading conditions over its life, the following method of 
cumulative damage (Miner's Rule) shall be used to determine the 
components structural adequacy from a fatigue viewpoint: 

- 1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

For each loading condition of n number of stress cycles, the 
principal stresses and their respective directional cosines 
shall be calculated. 7 
The principal stresses in each direction for each load case 
shall then be ordered, ol, 02, CT~. The ordering by direction 
shall be consistent between load cases. 
The stress difference ranges shall then be calculated: 
S12 = a1 - a2, Sz3 = u2 - a3, and S31 = c3 - ol. 
The S12's from all load cases shall be tabulated. Likewise, the 
Sz3's and Sjlf s shall also be separately tabulated. 
Stress differences in the same direction and the number of 
cycles shall be superpositioned if the resulting combined range 
is greater than the individual stress difference ranges. 
example in the next section illustrates this). 

(The 

The alternating stress shall be calculated as l/2 of the stress 
difference range multiplied by the ratio of the modulus of 
elasticity of the fatigue curve to the actual modulus of 
elasticity of the material. 
Using an appropriate fatigue (S-N) curve, the allowable number 
of cycles (N) corresponding to the alternating stress shall be 
determined. 
The usage factor, u, is calculated as the ratio of the actual 
number of cycles, n, to the allowable number of cycles, N. 
For each of the three stress difference ranges, the total usage 
factor is the summation of the individual u's and shall not 
exceed 1.0. 



Likewise for Sz3: 

Allowable 

Notes: 1) Lo8d case 0 indi 
2) Infinite nurber 

belou the embra 

Llkewlse for ~3~~: ' 

Allowable 

Notes: 1) Load case 0 indicates that no load case superposition has 
2) lnfinite nuber of cycles indicates that the alternating s 

below the endurance 1 imi t. 

- 

Since each total usage factor is less than 1.0 the component 
is structurally acceptable from a fatigue vieboint. 

i 
i 
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Chapter 1 

THE LaRC FACILITY SYSTEM SAFETY PROGRAM 

1.1 INTRODUCTION 

1.1.1 Application 

The LaRC Facility System Safety Program exists to ensure the safe 
and continuous operation of selected LaRC facilities. As a part of that 
program, a number of research facilities have undergone a Facility 
System Safety Analysis. Each of those facilities has been assigned a 
unique Effort Code (EC) number. These numbersappear on docu- 
mentation associated with the facilities and are listed in Figure l-l, 
“Effort Code Summary.” 

1.1.2 0 bjective - 

The key provision of the Facility System Safety Program stipulates 
- that an initial Systems Safety Analysis be conducted for each 

facility, that a baseline for controlled documents be 
established, and that these analyses and documents be kept 
current by an active Configuration Management (CM) 
Program. These analyses and the continuous update provided by the 
CM Program provide procedural and risk information to operating 
personnel while recording and maintaining the current status of 
supporting documentation, equipment, and services within those 
facilities. 

1.2 SCOPE 

The LaRC Research Facilities and Laboratory Configuration Management 
Programs consist of three separate programs with two subprograms under 
Facility Configuration Management: 

a. Facility Configuration Management 

( 1) Pressure Systems Configuration Management 

(;I Software Configuration Management 

b. Laboratory Configuration Management 

C. Asbestos Configuration Management 

Details on Facility System Safety Analysis and the Configuration 
Management Programs may be found as described below. 

Chapter 2 provides details of the Facility System Safety Analysis process. 
Chapter 3 provides guidance on the program to upgrade existing safety 

l-l 



Effort 
Q& 

01 
02 
03 
04 
05 
07 
12 
.I3 
14 
16 
17 
18 
19 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
34 
35 
36 
37 
38 
39 
40 
42 
43 
50 
52 
58 
59 
60 
61 
62 
64 
65 
66 
67 
68 
69 
71 
80 
84 
85 
86 
88 
89 
91 
92 
93 
97 
98 
99 

Fnciliry Title 

West Area High Prenaure Au Syelam 
Hypersonic CF, Tunnel 
&Foot High Temperature Tunnel 
1. x 3.Fwr High Enthalpy Acrothermal Tunnel 
Hypersonrc Blowdown Tunnels 
Hyperwnrc Nz Tunnel 
Entry Structures Facility 
Viaual Motion Stmulator 
Drive Control 
31.Inch Mach lOTunnel 
15.Inch Mach 6 High Temperature Tunnel 
Tranaomc Dynamics Tunnel 
14. I 22-Foot Subaoruc Tunnel 
l&Foot Transomc Tunnel 
Aircrdl Nome Reduction Laboratory 
Hypemonic Materiala Teat Apparatus 
Unitary Wind Tunnel 
ScramJet Teat Facility 
High Reynolds No. Helium Tunnel Complex 
High Reynolds No. Helium Rexavery Syatam 
Hypersomc Helium Tunnel Facility 
Aircraft Landing Dynamics Facility 
HPB Ceramic Heated Combustion Facility 
Vortax Resaarch Facility 
Impact Dynaauu Rerearch Facility 
O.&Meter Tranaonrc Cryogenic Tunnel 
Aaachoic Noise Facility 
Jet Noise Apparatus 
Thermal Acoustic Fatrgue Apparatus 
East Area High Prcrure Air Syrtem 
6Foot Tranaonic Pressure Tunnel 
Low Turbulence Pressure Tunnel 
6 I 2%inch Transontc Tunnel 
6- I IS-loch Transonic Tunnel 
Vacuum Sphere Control and 60.Foot Space Simulator 
High Speed 7 I 10 Foot Tunnel 
Impact and Projectile Range 
Chemical Kmetlc Shock Tube 
30. I 60-Foot Tunnel 
12. Foot Low Speed Tunnel 
20-Fwt Vertical Spm Tunnel 
DC-S Simulator 
Visual Landing Display System 
DifTerenual Maneuvermg Simulator 
General Purpose Fightar Simulamr 
hoeral Avlatlon Simulator 
‘I-Inch High Temperature Tunnel 
Vitiatad Heatar, Ten Cell 12 
Combuauon and Mlxmg Research Appara~ua. Test Cell 
Hangar Water Deluge SyMm 
Hevi-Duty Bratmg Vacuum Furnace 
16-Meter Thermal Vacuum Chamber 
Autoclave 
Autoclaves 
Composite Shop Auloclave 
Hypemoruc Hehum Tunnel Recovery System 
Transport Systems Rewarch Vehicle ITSRV) 
Space Systamu Strucrurer i&search Lab 
Z&am Dutrlbutlon Systam 
Naoonal Tranaonrc Facility I NTF) 

II 

Facility No. Street Address 

1247E 7E East Reid St. 
1275 20 Lewis LAIOP 
1265 10 East Reifl St. 
1265 IO East Ibid St. 

1247D 1 D EUL Raid St. 
1247 1 B East Raid SL. 
1267 6 East Raid St. 

1266A 24 West Taylor SL. 
1241 9 West Taylor St. 

1251A 16A Victory St. 
125lA 16A Victory St. 
646 648 Dodd Blvd. 

1212c I7C Went Taylor St. 
1146 11 Wm Taylor St. 
1206 2 North Dryden St. 
1148 8 Weat Taylor St. 
1251 16 Victory St. 

12478 1 B Eart Reid St. 
1247H 2H Eut Marvin St. 
12478 1 B East Beid St. 
1247B 1BEaatRaldSL 

1257-1262 2 Welt Bwh Rd. 
1263 15 North Marvin St. 
720B 720B Back &or Rd. 
1297 12WestBwhBd. 
1242 7 Weat Taylor St. 

1218A 3A South Wright St. 
122lA 12A Lmgley Blvd. 
122lA 12A kagley Blvd. 

646I582 582A Thornell Ave. 
640 640 Tbornall Ave. 

582A 582A Thornell Ave. 
583 583 Plum St. 
6885 585 Tbompaon St. 
1296 2 South Warner St. 

12128 178 Weot Taylor St. 
1275 20 lawia Lmp 
1275 20 Lewil Loop 
643 643 Thornell Ave. 
644 644 Andrew8 !%. 
645 645 Andrewr St. 
1220 1 south Wright St. 
1220 1 &utb Wright St. 

1268A 24 Won Taylor St. 
1220 1 South Wright St. 

1268A 24 West Taylor St. 
I264 17 Nonh Marvin St. 
1221 12 Lngley Blvd. 
1221 12 Langley Blvd. 
12u 6 Earr Taylor SL 

1232A 6~ Langley Blvd. 
12938 48 West Taylor St. 
647 647 Andrew1 Sl. 

1267A 6A East Reid St. 
12388 38 Eut Durand St. 
12478 1 B East Raid St. 
12688 13 tingley Blvd. 
1293A 6~ Weat Taylor St. 
1215 I 4 West Taylor St. 
1236 5 West Taylor St. 

Figure l- l.- Effort Code Summary. 
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analyses to a more thorough and updated standard. Chapter 4 covers the 
Facility Configuration Management (CM) Program. Chapter 5 addresses 
the Pressure Systems Configuration Management (PSCM) Program. 
Chapter 6 addresses Software Configuration Management. Chapter 7 
addresses the Laboratory Risk Evaluation Program (LREP). Chapter 6 
addresses the Asbestos Configuration Management Program. 

i.3 DEFINITIONS 

The glossary in the Appendix lists and defines the terms unique to the Facility 
System Safety Program. 

l-3 
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Chapter 2 

FACILITY SYSTEM SAFETY ANALYSIS 

2.1 GENERAL 

A Facility Systems Safety Analysis is a systematic approach toward: 
(1) identifying credible hazards associated with the operation of a facility, 
(2) defining the risk in terms of severity and probability, (3) assessing the 
controls for those hazards, and (4) making recommendations toward reduction 
of the probability of occurrence, if appropriate. Such an analysis must be 
accomplished prior to the start of research activities at any new facility or 
prior to any existing facility being brought into the Configuration 
Management (CM) Program. The overall responsibility for the conduct of the 
Facility Systems Safety Analysis lies with the Facility Assurance Section 
(FAS), Risk Management Branch (RMB), Systems Safety, Quality and 
Reliability Division (SSQRD). The analysis itself, however, is a group effort 
conducted by a Facility Team. This team includes the: 

a. Facility Safety Head (FSH). 

b. Facility Coordinator (FC). 

C. Facilities Configuration Coordinator (FCC) from the Facilities 
Engineering Division (FENGD). 

d. Safety Manager (Head, RMB, SSQRD). 

e. Designated Safety Engineer, FAS, SSQRD. 

f. Designated Systems Safety Engineer from the CM contractor. 

The completed analysis is documented in the Safety Analysis Report (SAR). 
This document, along with the Standard Operating Procedures (SOP’s), 
designated engineering drawings, and other documents identified by the 
Facility Team, are listed in the Configuration Controlled Document (CCD) 
section of the Facility Baseline List (FBL). These documents, and the FBL 
which lists them, are maintained under the CM Program. The FSH leads the 
Facility Team and has final approval of all CCD’s. Changes to CCD’s are 
initiated by a NASA Langley Form 127, “Change Notification Sheet (CNS).” 
The Facility Team meets annually to review the previous year’s activities and 
plan for the future. 

2.2 PLANNING 

Approximately 60 days prior to the initiation of a Facility System Safety 
Analysis, the assigned Safety Engineer in SSQRD will notify the responsible 
FSH. The FSH, with the assistance of the facility staff and technicians, will 

2-1 
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I-. 
assemble and provide to SSQRD all existing documentation which reflects the 
“as-is” facility hardware. These documents include: 

a. 

b. 

C. 

d. 

e. 

f. 

g* 

h. 

Facility Resume. 

Facility Engineering Drawings (red-lined if necessary). 

Standard Operating Procedures. 

Maintenance Plan. 

Vendor Manuals. 

Checklists. 

Engineering Report&Analyses. 

Any other item that may be of value toward the System Safety Analysis; 
such as: 

(1) Operational Logs. 
- 

7 
(2) Failure Mode Histories. 

(3) Specific areas of concern. 

2.3 EXECUTION 

The assembled documents will be reviewed by the FSH, FC, and the Safety 
Engineer in FAS, SSQRD to initiate the Facility System Safety Analysis. 
These documents will form the foundation of the SSQRD Safety Engineer’s 
formal analysis of the facility’s hazards and other conditions appropriate to the 
issue of safety. The end products of this effort will be the: 

a. Standard Operating Procedures (SOPWChecklists. 

b. Safety Analysis Report (SARI. 

C. Facility Baseline List (FBL). 

d. Other special ikms as appropriate. 

Details on these end items and inclusion of engineering drawings into the 
Facility CM Program follow. 

2.3.1 Standard Operating Procedures (SO P’s)/C hec klists 

2.3.1.1 SOP Guidelines 

-. 

- 
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SOP’s are detailed, written, formal instructions for qualified 
operators to be routinely followed at a designated facility. Some 
guidelines to be used in their preparation are: 

a. SOP’s must provide for a complete cycle of operation (dormant 
to run to dormant). This cycle is normally presented in three 
separate SOP sections: Pre-Operational (PRE-OP) 
Procedures, Operational (OP) Procedures, and Post- 
Operational (POST-OP) Procedures. 

b. SOP’s for the complete cycle must be demonstrated for and 
approved by the Facility Team prior to being included in the 
CM Program. 

C. Initially, dry runs will be performed to avoid unnecessary 
exposure to hazards. 

d. SOP’s will alert operators of potential unexpected events. These 
alerts are expressed in three distinct categories: 

(1) A NOTE is a general instruction to the operator concerning 
the specific order that procedures must follow. It alerts 
the operator to potential undesired results of a minor nature 
(eat is, failure to comply would invalidate previous actions) 
and provides explanatory information. 

(2) A CAUTION alerts th e operator that the sequence which 
follows could cause equipment damage if not executed 
properly. 

(3) A WARNING alerts the operator that the sequence which 
follows could cause personnel injury if not executed 
properly. 

e. Red-lined copies of the SOP’s will be corrected and submitted to 
the Facility Team for approval. 

f. SOP’s may include date/sign-off sheets that can be used for 
documentation of the day-to-day operation of the facility. 

2.3.1.2 Checklist Guidelines 

Checklists are abbreviated versions of SOP’s which are intended to 
provide less-detailed instructions for routine, day-to-day operation of 
a facility by the most experienced of operator personnel. Prior to 
their use, they must be demonstrated, approved, and included in the 
CM Program. This process is identical to that followed in the 
development and acceptance of SOP’s. Some guidelines to be used in 
their preparation are: 

2-3 
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a. A Checklist may cover an en tire cycle of operation or any part 
thereof; however, it must be clearly labeled as to what it covers. 

b. A Checklist may be of a “check off’ or “sign off’ nature; or, simply 
a sequential listing of steps to be taken without the need to 
check/sign items off. 

C. A Checklist is often reproduced within the facility and a copy 
used for each operational run. In such cases, the entire Checklist 
must be reproduced and no part of the original omitted. 

The FSH and/or FC will use approved SOP’sXhecklists in 
training for operator qualification/certification.. 

Facility complexity and operational risks will dictate the 
requirement for the degree of structured operations which are to 
be controlled by hand-held procedures and/or Checklists. 

- 2.3.1.3 SOP/Checklist Development 

Development of SOP’s and Checklists is achieved by folloCing the 
planned sequence of activities as listed below: 

a. The FSH and FC develop an appropriate Work Breakdown 
Structure (WBS) of facility operations, Sequential Flow Charts, 
and first-draft Procedures/Checklists. 

b. The Facility Team reviews and approves the WBS and 
accompanying Sequential Flow Chart with emphasis on 
identifying mission- and safety-critical events on the first draft of 
the SOP/Checklists. 

C. The FSH and FC demonstrate, for the Facility Team, the 
resulting second-draft SOP/Checklists. 

d. The Facility Team approves and accepts the final 
SOP/Checklists. 

e. The FSH and Safety Manager approve the final SOP’sKhecklists 
, and these documents are incorporated into the CM Program. 

2.3. I .4 SO P/C hecklist Organization 

SOP’sKhecklists are divided into two sections: Forematter and 
Text. 

a. The Forematter consists of the following: 

(1) The Title Pago ants& the SOPiChecklist title, the name 
oi rhz facili t:/ ‘ST -which :-1< iccL;xzrtt -q-x ~m,plerwd, snd 
+. :3 

.F. -‘3c! : -.y, 7’:r;.-“’ _ . ..I_ __ .^ >‘e:::.. - . . . .-,3:i b,. .* . 

.- 



2.3.2 

2.3.2.1 

(2) The Revision Record reflects all SOP/Checklist document 
changes and states who prepared, reviewed, and accepted 
those changes. The “Prepared By” column is signed by the 
Configuration Management or Safety Engineer who 
prepared the change. The **Reviewed By” column is signed 
by designated reviewing authority. The “Reviewed By 
Safety Manager” column is signed by the Head, RMB, 
SSQRD. Finally, the “FSH Cognizance” column is signed by 
the responsible FSH. 

(3) The List of Page Revisions enumerates each page in the 
document and the current revision letter of each page. 

(4) A General Introduction page addresses the purpose, 
personnel, support and safety services, equipment, initial 
conditions, and reference drawings appropriate to the 
procedures/checklist being presented. - 

b. The Text section begins immediately following the forematter 
and consists of a Sequence Flow Chart, which shows the normal 
safe order in which the procedures (Pre-operations, Operations, 
and Post-Operations) can be executed, and the actual, step-by- 
step procedures/checklist. 

Safety Analysis Reports (SAR’s) 

General 

A Safety Analysis Report (SAR) formally documents the Facility 
System Safety Analysis for a given facility. A SAR is initially 
developed in a structured sequence of planned activities as follows: 

a. 

b. 

1 
C. 

d. 

e. 

f. 

A designated Safety Engineer from SSQRD compiles an initial 
System Definition which includes the Facility Description, a 
System Block Diagram, and a Preliminary Hazard Analysis. 

The Facility Team reviews and comments on the initial product. 

The designated Safety Engineer conducts a Hazard Control 
Analysis (HCA). 

The designated Safety Engineer prepares a Critical Items List 
(C I 1.1. 

The FSH reviews and comments on the developed documents. 

The Facility Team reviews the developed documents and the FSH 
response. This is followed by their approval and acceptance of the 
SAR. 
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g. The Safety Manager and the FSH approve the SAR and it is 
incorporated into the CM Program. 

The SAR will be maintained by the CM contractor in conjunction with 
the FSH and Safety Manager. Any facility change will be considered 
for possible SAR impact. It is critical that all parties involved 
maintain close communication in analyzing hardware or procedural 
changes and update the SAR as expeditiously as possible. 

2.3.2.2 SAR Organization 

The SAR is divided into three main sections: Forematter, Text, and 
Appendixes. The Text is further subdivided into subsections 
common to all facilities; although, on a case-by-case basis, additional 
special-item subsections (for example, a GIL) can be added if directed 
by the Facility Team. The common subsections are the introduction, 
the Facility Description (which includes a Facility Block 
Diagram), and the Safety Analysis Summary. The following is a 
discussion of each section/subsection. 

. - a. The Forematter section consists of the Title Page, Revision 
Record, List of Page Revisions, and Table of Contents. 

(1) The Title Page contains the report title, the name of the 
facility for which the report was completed, the facility 
number in which the facility is housed, and the Effort Code 
(EC) associated with the facility. 

(2) The Revision Record reflects all SAR document changes 
and states who prepared, reviewed, and accepted the 
report/changes, and the date issued. The “Prepared By” 
column is signed by the Safety Engineer who prepared the 
report/change. The “Reviewed By” column is signed by 
designated reviewing authority. The ‘Reviewed By Safety 
Manager” column is signed by the Safety Manager, SSQRD. 
Finally, the “FSH Cognizance” column is signed by the 
responsible FSH. 

I (3) The List of Page Revisions enumerates each page in the 
report and the current revision letter of each page. 

(4) The Tab1 e of Contents lists the major subsections of the 
SAR and the page number on which each begins. 

b. The Text section of the SAR consists of the Introduction, the 
Facility Description, and the Safety Analysis Summary. 

(1) The Introduction identifies the facility, states the purpsse 
and philosophy of the analysis, and explains the Risk 
Assessment logic. 



(2) The Facility Description is a brief overview of the subject 
facility which lists the major facility capabilities, the nature 
of research conducted, the subsystems, and any special 
facility feature appropriate to the safety analysis. It also 
includes a Facility Block Diagram which shows the 
general relationships among the various subsystems. 

(3) The Safety Analysis Summary is the heart of the SAR. It 
contains General 0 bservations and Recommendations 
which address those Hazards/Undesired Events that are 
general in scope (primarily resulting from facility 
familiarity) as opposed to Hazards/Undesired Events 
specific to a particular subsystem revealed by the analysis. 
Every entry in both this subsection and the following one, 
Tabular Summary, will be assigned an alpha-numeric 
Risk Level in accordance with the philosophy and 
guidelines established by this handbook (see paragraph 
2.3.2.5) and the SAR Introduction. The Tabular 
Summary subsection lists and discusses the identified 
Undesired Events and the associated risks are assessed. 
The discussion appears in this section in an abbreviated 
format only. 

C. The Appendixes of the SAR provide the more detailed discussion 
of the Hazards, Undesired Events, and Risk Assessments. There 
is normally a separate Appendix for each major subsystem 
identified on the Facility Block Diagram. The Appendixes are 
keyed to the Tabular Summary subsection of the Safety Analysis 
Summary. The Appendixes provide much greater definition of 
the facility’s situation in that the Undesired Events associated 
with each of these subsystems are addressed in detail. 

d. Where applicable, SAR’s shall include a Critical Items List (GIL). 
A Critical Item is any item, the single order failure of which, 
would likely result in death or damage to equipment/ 
property equal to or greater than $1 .OM. Typical examples of 
Critical Items include: interlocks, safety devices, high energy 
components, and biologicaYenvironmenta1 impact components. A 

\ Critical Item must have the design analyses, inservice 
inspection/preventive maintenance procedures, installation 
procedures, and nondestructive testing required to establish and 
maintain an acceptable probability-of-occurrence risk category. 
The requirement for design calculations can be waived for 
Critical Items which are proprietary or part, of a company’s 
standard product line providing that: (1) the item has been 
designed to industry consensus codes, (2) a history of acceptable 
operations of the same or similar products is available, and (3) the 
use is in compliance with the manufacturer’s ratings and 
recommended app!ications. Examples df proprietary items that 
may meet the design raiver sriteria are !arge rotating machinery 
for wind-tunnei 23mpresscr ,3r drive syster=ls. C:iticai Items 
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listed in the SAR’s shall be tracked throughout their lifetime for 
compliance with design, maintenance, and inspection 
requirements. Pressure components that are standard product 
lines and built to national consensus codes or standards, are by 
definition not considered Critical Items. However, these items 
shall be covered under the Center’s Pressure System 
Recertification Program to assure system integrity. 

2.3.2.3 SAR Preparation 

a. General.- A SAR is prepared by a Safety Engineer under the 
direction of SSQRD. The Safety Engineer is assisted by the other 
members of the Facility Team. The following definitions are 
provided toward ensuring a uniform understanding of the terms 
related to SAR preparation: 

(1) Hazard--A condition which has the potential to result in 
damage to equipment an&or personnel injury/death. - 

(2) Undesired Event--An event (or series of events) which 
unleashes the potential inherent in a hazard; and, either 
directly or indirectly, results in damage and/or personnel 
injuryidea th. 

(3) Cause--The stimulus or triggering mechanism/act which 
precipitates the Undesired Event/Accident. 

(4) Effect--The consequence of the Undesired 
Event/Accident in terms of equipment damage and/or 
personnel injury,death. 

b. Phases.- The phases of SAR preparation are as follows (see 
Figure 2-1, “SAR Preparation Flow Sequence”): 

(1) The System Definition Phase. The Safety Engineer uses 
facility-provided documentation to define the system. In 
this phase, the facility is described and the facility is divided 
into manageable operational subsystems. Examples of 
operational subsystems are: high pressure air, vacuum, 
model injection, cooling water, test section, nitrogen, 
hydrogen, and so forth. How these subsystems are 
identified in any given facility depends on the desires of the 
Safety Engineer in organizing the SAR to cover every aspect 
of the facility. For example, in one instance, the model 
injection component may be a separate subsystem; whereas, 
in another instance, it may be included as part of the test 
section subsystem. The important thing is to ensure that all 
components are considered so that they may all be given d!le 
consideration. Also at this time, a Facility Block Diagram 
is generated to show the interrelatiocs5ix among the 
chosen subsystems. 
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(2) The Preliminary Hazard Analysis Phase-. A 
Preliminary Hazard Analysis is conducted to identify all 
of the possible Hazards and the Undesired Events 
(Accidents) which could result from those Hazards. 
(This action represents an initial assessment; and, the 
Hazards and Undesired Events/Accidents established here 
could be expanded as the assessment progresses.) There 
may be one or more Hazards in each of the subsystems. 
Upon completion of this phase, copies of the products are 
sent to the Facility Team for review and clarification of the 
facility Hazards and Undesired Events/Accidents. 

(3) The Fa ‘1-t T CI I y earn Review Phase.- The Facility Team 
reviews the System Definition and Preliminary Hazard 
Analysis products and provides the Safety Engineer 
additional information and comments as appropriate. 

(4) The Hazard Control Analysis Phase.- With input from 
the Facility Team, the Safety Engineer now performs a 
Hazard Control Analysis (HCA). The HCA is the heart 
of the SAR. It ensures that a deductive approach is taken in 
the assessment of the safety implications of the facility and 
documents that thought process. The approach which shall 
be taken in the HCA is reflected in the lower portion of the 
flow chart in Figure 2- 1. 

(5) The Critical Items Generation Phase.- With the 
subsystems, Hazards, and Undesired Events defined, the 
Safety Engineer now prepares a CIL guided by the 
definition in paragraph 2.3.2.2d. Interlocks or other hazard 
controls, analyses, drawings, maintenance, installation, 
and in-service inspection procedures are identified, as 
required, for each Critical Item. 

(6) The Facility Safety Head Review Phase.- The FSH now 
conducts a thorough and independent review of all 
documentation. 

, (7) The Facility Team Review Phase.- The remaining 
members of the Facility Team are assembled by the FSH for 
a final review, approval, and acceptance of the SAR. 

(8) The Publication Phase.- After all of the issues are 
resolved and the SAR is prepared in final format, it is 
formally approved by the Safety Manager and FSH; and, it 
may be incorporated into the CM Program. 



2.3.2.4 The Analysis 

a. The analysis begins with a detailed exploration of each of the 
identified Hazards (an example ofone might be hot surfaces). 

b. Considering that Hazard, the analyst establishes what event(s) 
could occur that would result in the Hazard causing 
damage/injury/death (for example, personnel in contact with hot 
surfaces). Those events become the Undesired Events 
(Accidents). There could be multiple Undesired Events 
resulting from each identified Hazard. 

C. The analyst then establishes the Effects of each Undesired 
Event in terms of damage/injury/death (for example, serious 
injury to personnel). When numerous effects result, only the 
most severe need be noted. 

d. -From this point, the analyst establishes what could cause those 
Undesired Events to occur and these findings become the 
Causes (for example, personnel error). There could be 
multiple causes for the same Undesired Event. 

e. To determine the facility’s ability to sustain the catastrophe, the 
analyst must then Assess the Safety Features and 
Procedures in force which would, either directly or indirectly, 
minimize the probability of the occurrence of each Cause. If the 
Cause(s) can be minimized, the Undesired Event will not likely 
occur; therefore, an Assessment is made for each individual 
Cause, Those Assessments must take the form of an 
investigation of the design and operation of the facility for 
each individual Cause. Operational Procedures and facility 
drawings must be consulted to determine how the Hazard is 
contained and how daily operations are managed toward 
minimizing the probability of Undesired Events. 

f. The next step in the analysis is the Risk Assessment. (Due to 
the length of this subject, it is discussed separately below in 
paragraph 2.3.2.5, “Risk Assessment.“) An individual Risk 

1 
Assessment is made and assigned for eat h of the previously 
identified Causes. 

g. Ifan assigned Risk Assessment is unacceptable, 
Recommendations are made which, if implemented, would 
reduce that Risk Assessment to acceptable limits. (See 
paragraph 2.3.2.5.3a. b, and c regarding acceptability of Risks.) 
These Recommendations normaliy take the form of additional 
Safety FeaturesDevices, Design Changes, or changes in 
Operating Procedures. 

h. Summarv.- Undesired Xvents. Causes, and Effects should be 
confined +a “cr&bie” 3s ;gpcseq ‘2 “33nceivai3le” happenings. 

2-11 



Their credibility is important in that it will ensure that the effort 
expended on the safety analysis is justified. They should reflect 
only those things that could reasonably be expected to occur. 

2.3.2.5 Risk Assessment 

The Undesired Events identified for each subsystem and the results 
of the detailed HCA are covered in detail in the Appendixes of the 
SAR and summarized in the Tabular Summaries. An alpha- 
numeric Risk Level, based on both Severity and Probability of 
Occurrence, is derived and assigned to each Undesired Event. The 
following paragraphs address how those alpha-numeric Risk Levels 
and the resulting Risk Assessment Codes (RAC’s) are derived. 
(Also see Figure 3-2, “Current Risk Assessment Matrix.“) 

2.3.2.5.1 Severity Category 

Severity is assigned assuming the Undesired Event will occur. Worst 
possible results are assumed with no consideration being given to 
abatement techniques incorporated in the system design or to the use 

- of procedures. The Severity Category provides a relative measure of 
the worst possible consequences resulting from personnel error, 
environmental conditions, design inadequacies, procedural 
deficiencies, and subsystem or component failure/malfunction. These 
Categories are: 

a. Category I - Catastrophic - May cause death, permanent 
disability, hospitalization of five or more people, and/or systemi 
equipment damage in excess of $250,000. (Type A or B Mishap) 

b. Category II - Critical - May cause lost time injury or illness, 
and/or system/equipment damage between $25,000 and $250,000. 
(Type C Mishap) 

C. Category III - Marginal - May cause minor injury or illness, 
and/or system/equipment damage between $500 and $25,000. 
(Reportable Incident) 

d. Category IV - Negligible - Will not result in injury, 
occupational illness, or system/equipment damage in excess of 
$500. (Non-Reportable Incident) 

2.3.2.5.2 Probability of Occurrence Level 

Probability of Occurrence Level provides a measure of system 
safety by evaluating the system design in conjunction with abatement 
techniques, inspections, tests, and operating procedures. The 
Probability of Occurrence Level is the probability that a failure 
will occur sometime during the planned life of the system. The 



probability level is qualitatively based upon engineering judgment 
with appropriate guidelines. Those guidelines are: 

a. Level A - Frequent -This is the level assigned when neither a 
safety feature nor approved procedures exist to prevent the 
Undesired Event. 

b. Level H - Occasional -This is the level assigned when a safety 
feature does not exist to prevent the Undesired Event; but, the 
use of approved procedures should prevent the Undesired Event. 

C. Level C - Possible - This is the level assigned when approved 
procedures do not exist to prevent the Undesired Event; but, an 
existing safety feature should prevent the Undesired Event. 

d. Level D - Remote - This is the level assigned when both a safety 
feature and approved procedures, or two independent safety 
features, exist which, collectively, should prevent the Undesired 
Event. 

2.3.2.5.3 Establishing a Risk Assessment Code (RAC) 

Using the Categories and Levels described above, the information 
provided by the facility for the analysis, and on-site inspection 
techniques, the Safety Engineer conducts the analysis to determine 
the risks associated with each of the listed Undesired Events. This 
process will result in each Undesired Event being analyzed with 
respect to each credible Cause. Also, each of the Undesired Events 
will be shown to have an Effect. Each of the listed Causes is then 
assigned its own unique Risk Level (for example, LA, IIB, IIIC, and so 
forth). Applied to the two-dimensional matrix (see Chapter 3, Figure 
3-2, “Current Risk Assessment Matrix), these Risk Levels translate 
into one of three Risk Assessment Codes (RAC’s): RAC 1, RAC 2, 
or RAC 3. They are pattern-coded on the matrix to distinguish each 
from the other. RAC I’s include blocks LA, IB, IC, IIA, IIB, and lITA. 
RAC 2’s include blocks IIC, IIIB, and TVA. All other blocks are 
RAC 3. The implication of a given RAC is explained in the following 
paragraphs. 

’ a. RAC I’s for new facilities, and those associated with a major 
Construction of Facilities (CoF) in existing facilities, are of major 
safety concern and requite corrective action before the 
facility can operate. RAC I’s for existing facilities not 
undergoing a major CoF are also of major safety concern and 
require an abatement plan approved by the Safety 
Manager. This abatement plan must be developed by 
facility personnel and approved by the Safety Manager 
within 30 days of either (1) publication of this document 
(for existing RAC I’s), or (2) knowledge of a new RAC I’S 
existence (for any RAC l’s assigned in the future). Failure 
to meet this requirement could result in facility shutdown. 
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b. RAC 2’s for new facilities, and those associated with a major 
CoF in existing facilities, are also of concern and require special 
attention. The FSH of the facility in question, with Safety 
Manager concurrence, shall by letter, inform the Program 
Director who oversees the facility of the nature of the RAC 2’s 
and request approval to conduct operations. Operations shall not 
begin in that facility until the Program Director, with the 
concurrence of the Integrated Systems Review (ISR) Chairperson, 
has responded by letter authorizing such action. RAC 2’s for 
existing facilities not undergoing a major CoF require no such 
approval; however, plans and programs to correct them as time 
and resources permit are considered sound management practice. 

C. RAC 3’s are of an acceptable risk level. 

2.3.3 Engineering Drawings 

2.3.3.1 General - 

Engineering drawings which are brought into the CM Program are 
designated and maintained as Configuration Controlled Documents 
(CCD’s). These drawings have been singled out by facility, safety, and 
engineering personnel as especially important to the facilities’ safe 
and continuous operation. These drawings are listed in the CCD 
section of the Facility Baseline List (FBL) and represent the known 
configuration of the facilities they depict. Other drawings may be 
designated as Supporting Facility Documents (SFD’s) and listed 
in the SFD section of the FBL. (See paragraph 2.3.4.2.) 

2.3.3.2 Criteria for Designating Drawings as CCD’s 

The criteria for selecting and incorporating new engineering 
drawings into the FBL as CCD’s are listed below. The drawing must 
be: 

a. Necessary for the safe operation of the facility. 

b. Able to support the independent safety analysis of the operating 
systems. 

C. Usable for system troubleshooting. 

d. Suitable for engineering change design. 

The CM Contracting Oficer’s Technical Representative (COTR) has 
the responsibility for resolving any differences of opinion and making 
final decisions regarding the disposition of all drawings chosen for 
inclusion in the CM Program. (See LHB 7320.1, ‘Engineering 
Drawing System,” for more detai!ed guidance on LaRC drawing 
format, approval, and control.) 
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2.3.3.3 Drawing Documentation Requirements 

All engineering drawings currently in the CM Program have either 
been field verified (FV) or are in need of field verification. No new 
drawing may be brought into the program (added to the CCD section 
of the FBL) unless it is first field verified. The field verification 
process is a hands-on verification of the validity of the drawing 
conducted by facility, SSQRD, Operations Support Division (OSD), or 
Contractor personnel. A drawing which has been field verified will 
display a “FIELD VERIFIED”statement authenticating that 
action. That statement will be signed by the person attesting to the 
field verification. It will further be signed and dated as approved by 
the Technical Project Engineer (TPE), FSH, or some other responsible 
person. A sample of this statement is as follows: 

I 
FAClLi’ BASELINE DRAWING 

FIELD VERIFIED BY: I 
APPROVED BY: I 
LATEST DATE: I 

Some drawings exist which display a “WARNING! UNVERIFIED” 
statement alerting the user that they are not field verified. A sample 
of that statement is as follows: 

WARNING! 

UNVERIFIED 

1 All drawings which are currently in the CM Program and not 
Aeld verified are the subject of an ongoing field verification 
effort by facility and OSD personnel as time and resources 
permit. 

2.3.3.4 Changes to Drawings 

When drawings in the CM Program require change, the drawing shall 
be red-lined by the technician actually making the hardware change. 
Proper red-lining techniques are to add new items in green ink 
or black ink highlighted in yellow marker and delete existing 
items by marking over them in red ink. Drawings so red-lined 
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shall be forwarded through channels on a Change Notification Sheet 
(CNS) and reviewed by Engineering and the Safety Office. When 
approved, the originals of the drawings will be modified by the CM 
contractor and new WORKING MASTER copies provided to the 
facility. 

2.3.3.5 Working Masters 

. _ 

For each drawing listed on the FBL as a CCD drawing, the facility is 
provided with a current revision of the drawing marked WORKING 
MASTER in red color. The intent of this procedure is to identify the 
drawing as a copy of the current configuration of the facility as 
described by the drawing which is recorded on the Master retained in 
Engineering Drawing Files. These drawings should be kept in a 
central location in the facility and closely controlled to ensure 
availability to facility personnel for reference to correct facility 
configuration. Each time a CCD drawing is revised, a new 
WORKING MASTER of the revised drawing is provided to the 
facility. The CM contractor is assigned the responsibility for the 
preparation of the revised drawings and distribution to the 
appropriate facility/facilities in accordance with the CM Program. 

There are a number of CCD drawings which detail systems that affect 
more than’one facility. When a drawing affects more than one EC, 
each of the affected EC’s will be listed on the CCD sticker applied to 
the drawings. In addition, each of the affected EC facilities will 
receive a drawing marked WORKING MASTER. In this manner, 
each EC facility can maintain a complete file of WORKING MASTER 
drawings which reflect up-to-date configuration. However, this 
results in more than one drawing marked WORKING MASTER. It is 
conceivable that one facility may have modified a system, including 
the red-lining of the affected drawings, without the knowledge of the 
other facility having custody of the same WORKING MASTER 
drawing. Expeditious revision of the appropriate drawings and 
distribution of current WORKING MASTERS will alleviate this 
perturbation in the CM drawing program in the most part. To 
preclude the adverse impact of using a WORKING MASTER drawing 
which is in the process of revision by another custodian of the same 

, drawing, contact the other custodian and inquire as to the drawing 
status and get the information regarding the revision if under 
revision. 

Adherence to the following additional guidelines will promote proper 
accountability and use of WORKING MASTER drawings: 

a. A WORKING MASTER drawing should always reflect the 
true (as-buiii’ configuration of the facility which it represents. 



b. Proposed changes to a facility which impact on a CCD drawing 
should be red-lined on a separate copy of the affected 
drawing; not the WORKING MASTER. 

C. Changes which reflect “as- built” configurations should be 
marked on the WORKING MASTER of each affected CCD 
drawing. 

d. The current WORKING MASTER (or a copy) should always 
be present at the facility. 

2.3.4 Facility Baseline List (FBL) 

The FBL, although not in itself a CCD, lists the documents 
pertinent to a given facility that are CCD and under the 
management of the CM Program. The documents listed in the FBL 
are selected during the initial phase of the Facility Systems Safety 
Analysis and each must be approved by the FSH and Facility Team. 
They normally include the SAR, the SOP’s and/or Checklists, any 
Recertification documents, and the key facility engineering drawings. 
Each must be complete, accurate, and current. The CM contractor is 
responsible for actually creating and maintaining the FBL once the 
documents to be listed therein have been identified. The following 
paragraphs describe the format of an FBL and present an explanation 
of its sections. 

2.3.4.1 The Change Control Record 

The FBL Change Control Record is a five-column form used to 
record all actions taken to revise a CCD document listed in the FBL. 
Its heading includes the name and number of the facility, and the EC 
which has been assigned to the facility. The columns (left to right) 
are: 

a. DATE--The date that the change is actually made in the FBL 
pages affected. 

b. CNS NO.(s)--The CNS number which initiated the change 
followed by a brief description of what the change was about. 

C. REPLACEMENT PAGES--The pages of the FBL that were 
actually altered in making the change. 

d. REV.--The new (current) revision of the FBL. The letters I, 0, 
Q, S, X, and 2 are not to be used. When Y is the last revision 
used, the next sequence shall be AA through AY (then, BA 
through BY, and so forth 1. 

e. CM ENGINEER--The name of the contractor CM Engineer who 
is executing the change. Prior to publication and distribution of 
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the new pages, the CM Engineer shall sign the form over his/her 
typed name. 

- 

2.3.4.2 The Listings 

The Listings of the FBL are contained in two sections: the CCD’s 
section and the SFD’s section. These sections are distinguishable by 
the different titles of the forms and the number of columns. Both 
sections are paginated in one sequence starting with I, on the first 
page of the CCD’s section and ending on the last page of the SFD’s 
section. 

a. The three-column CCD form includes: 

(1) DOCUMENT NUMBER--The number of the document 
(that i.s, drawing, SAR, or Procedure number). Drawing 
shall be listed first, in numerical sequence for ease of 
reference, followed by the SAR, the Procedures and/or - Checklists; then, any other document which has been 
designated as CCD. 

(2) REV.--The current (active) revision letter(s) of the drawing 
or other document listed in column 1. Again, the letters I, 
0, Q, S, X, and 2 are not used. 

(3) DESCRI PTlON--The title of each of the drawings and 
documents listed in column 1. 

b. The two-column SFD form includes: 

(1) Thesam D e ocument Number column as does the three- 
column CCD form and its purpose is the same (see 
paragraph 2.3.4.2all) above). Normally the only documents 
listed in the SFD section are drawings. 

(2) The middle (REV.) 1 co umn does not exist on this form since 
the revisions of SFD drawing are not recorded. 

(3) The second column on this form is the DESCRIPTION 
1 column and serves the same purpose as the 

DESCRIPTION column on the three-column CCD form 
(see paragraph 2.3.4.2at3) above). 

2.3.5 Other Document Maintenance Requirements 

2.3.5.1 Filing Systems 

The CM Program affects three file systems: Engineering Drawing 
Files (EDF), CM Contractor files, and Research Facility files. 
Document maintenance consists of the timely updating of CCD 
drawings and ocher supporting documents fSOP’~. ?.a T’s, CP~ 1%~ 
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forth), keeping historical records, and keeping “originals” 
(reproducible masters) on file. Document records will be maintained 
by each file system as indicated: 

a. Engineering Drawing Files (EDF). EDF is the repository for 
all original configuration controlled drawings and for the 
microfilmed historical records of configuration controlled 
drawings and other CCD’s (see LHB 7320.1 for details). EDF will 
microfilm the original CCD’s and all subsequent changes in order 
to preserve these historical records. Only the CM contractor is 
permitted to withdraw CCD original drawings from EDF (see 
paragraph 2.3.5.1b below). Analyses, drawings, and 
nondestructive engineering information for systems which have 
been recertified or identified on the CIL will also be stored in 
EDF. 

b. CM Contractor Files. The CM contractor will maintain and 
store the originals (reproducibles) of all SOP’s, SAR’s, and other 
CCD documentation (except drawings). As changes are approved 
and made to these documents, the CM contractor will ensure that 
all interested parties receive updated pages as appropriate. The 
facility will be given a WORKING MASTER copy of all CCD 
revisions once they are created by the CM contractor. The CM 
contractor will have on hand only those CCD original drawings to 
be modified as directed by an approved CNS. Original drawings 
will be changed by the CM contractor in accordance with the red- 
lined drawings accompanied by an approved CNS. The CNS will 
be handled in accordance with the Change Control Flow Chart 
(see Figure 4-3). After the original CCD drawing is changed, it 
will be initialed by the person who prepared the red-line, a 
Facilities Engineering Division (FENGD) representative, and the 
FSH. All changes are considered to have been “Field Verified” 
upon sign-off by cognizant personnel. The CM contractor will 
provide appropriate copies to the interested parties and return 
the original of the drawing to EDF. 

C. Research Facility Files. Each research facility EC will 
maintain its own current WORKING MASTER filing system of 
CCD’s. Updates to these documents will be provided by the CM 

1 contractor; but, the facilities must ensure that updates are 
properly posted and centrally stored so as to be of use when 
needed. 

2.3.5.2 Supporting Facility Documents (SFD’s) 

These documents shall be red-lined by facility personnel and changed 
as necessary to support facility operations. SFD drawings may be 
revised through the Facilities Configuration Coordinator (FCC) at 
FENGD. Since SFD’s are not CCD, they are not serviced by the CM 
contractor. 

i-i9 



2.4 LaRC INTERLOCK PHILOSOPHY 

2.4.1 General 

The mission of LaRC is to conduct meaningful, leading-edge research 
in the fields of aeronautical and aerospace technology. In order to 
conduct such research, large power sources, pressurized gases, 
vacuums, hazardous materials, heavy machinery, and. many other 
potentially dangerous conditions, procedures are necessary. The 
requirement to integrate safety into such an operation is paramount 
toward protecting the community, operating personnel, equipment, 
and the environment. LaRC’s cornerstone strategy to achieve the 
required level of safety is the Interlock Philosophy. The 
philosophy is enunciated in the following paragraphs: 

a. A credible single order failure that can jeopardize personnel or 
major equipment requires an interlock or protective device to 
prevent its occurrence. - 

b. The safety interlock or protective device must be independent of 
the failure mode and cannot be compromised by occurrence of the . 
credible single order failure. 

C. When’an independent safety interlock or device cannot be 
provided due to the utilization of a COIMIOQ component or path, 
then an independent component and/or path may be necessary 
(for example, hardwired backup of a software safety interlock or 
device). 

d. The safety interlock or device, unless it is verified automatically 
during startup (as a permissive), should be periodically verified 
for proper operation. Period of performance will be established by 
the safety analysis and specified in the SAR. 

e. Safety interlocks and devices, either software or hardware, must 
be under configuration control at the project level both before and 
during shakedown. Commencing at the Operational Readiness 
Review (ORR), these safety interlocks and devices will come 

! under LaRC configuration management in accordance with 
Chapter 4 of this handbook. At no time will program changes be 
made while the facility is on line. Forcing of safety interlocks or 
devices during facility operation (temporary changes to complete 
a run or troubleshoot a problem) must be in accordance with an 
approved procedure and have the permission of the FSH or a 
designated alternate. 

f. Failures of catastrophic proportions will be identified by the 
facility safety analysis and redundant safety interlocks or d?~ii<es 
provided. Each situation wili be assessed individually in the 
safety analysis as these potential fail?Jres are identiE:d. 



Protective measures will be established by the Safety Manager to 
assure consistency throughout the Center. 

2.4.2 Tee hniques 

The above philosophy must be pursued regardless of the type of 
process control or complexity of the research facility. Several 
techniques are used to achieve these aims, yet permit the necessary 
research to be accomplished. These techniques are discussed in the 
following paragraphs, in order of effectiveness, beginning with the 
most effective. 

a. Design. The first line of safety is in the initial design of a 
research facility. Safety and interlock policies must be of equal 
and simultaneous consideration with research aims in the initial 
design phase.of a facility. It is at this point that the best, and the 
most cost effective, safeguards can be incorporated into the 
system. - 

b. Engineered Safety Features. Once a facility is constructid, 
additional safety margins can best be attained by ad hoc, 
engineered safety features. Such devices become an integral, 
permanent part of the facility and its routine operation. Like 
design features above, they are most likely passive in nature and 
require.no special action to cause them to be effective. 

C. Safety Devices. Adjunct devices, which are provided for 
operating personnel, can also enhance safety. Such devices 
(protective goggles, hard hats, safety bars, and so forth) are 
effective; however, they require a conscious act on the part of the 
operator to become useful. Although they may appear cost 
effective, their effectiveness is moot if they are not employed. 

d. Warning Devices. Visual and audible means to alert personnel 
to hazards are also very economical. They are not, however, and 
should never be considered as barriers. Many of the techniques in 
the previous paragraphs are barriers. The term barriers implies 
that such devices prevent the occurrence of Undesired Events. 
Warning devices are effective only when personnel are aware of 

1 them in sufficient time to react; and do, in fact, react. 

e. ProceduresRraining. The introduction of the human element 
into a perfectly designed and controlled hardware system brings 
with it a potential for unexpected results. The only way to ensure 
that the occurrences of these operator errors are minimized is 
through the use of a thorough training program and the use of 
properly written, verified, and controlled SOP’s. If operator 
training and procedure compliance are to be completely effective 
in lowering the probabiiity of an Undesired Event +d an 
acceptable level, they must be cclJpied with some, if not all, of the 
abatement techniques !isyzd in paragraphs 3.4.2a through 2.4.2d 
above. 

2-2’ 
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Chapter 3 
-- 

SYSTEM SAFETY ANALYSIS UPGRADE 

3.1 PROGRAM SUMMARY 

System Safety Analyses have been performed at a number of LaRC facilities as 
part of the LaRC Safety Program. These analyses provided information on 
operational risks in the facilities and are the foundations of the SAR’s, SOP’s, 
and Checklists now in existence. Since these initial System Safety Analyses 
were completed, many have been upgraded into a format which provides 
greater definition in the area of assessment of the risks involved. These 
.upgrades were accomplished in an attempt to apply the latest risk assessment 
techniques and safety philosophy to the process. Since many of the earlier 
versions still exist, paragraphs 3.1.1 and 3.1.2 below are provided to give 
insight into their meaning. Paragraph 3.1.3 below describes the current 
approach. 

~- 

3.1.1 The initial Convention 
7 

The Initial Convention used in the assessment of risks was a 
straight-forward, one-dimensional, rank-ordering of the risks under 
which any one of six Risk Assessment Classification ratings could be 
assigned to any one Effect of any one Undesired Event. The Risk 
Assessment Classifications in the initial convention were: 

a. I--Possible serious or fatal injury to the public or to test subjects. 

b. II--Possible serious or fatal injury to test facility personnel. 

C. III--Possible damage to major equipment. 

d. IV--Terminated or delayed operations. 

e. V--Nuisance failure. 

f. N/A--Nonapplicable. 

That Risk Assessment Classification convention stiil exists in many 
of the SAR’s. Those SAR’S are still valid: but, will be the subject of an 
upgrade action in the future. The severity of the classifications 
under this convention can best be understood by considering that all 
assessments of I, 11, or 111 should be of concern in the daily 
operation of the facility and action should be underway to 
reduce them to ?V, V, or N/A. 
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3.1.2 The Interim Convention 

Also still in existence at some facilities is an Interim Convention 
which was the first attempt to achieve a more meaningful approach to 
Facility System Safety Analyses. This was the first use of a two- 
dimensional matrix in which Severity Categories (Categories I-IV) 
and Probability of Occurrence Levels (Levels A-D were used to 
achieve a basic Risk Assessment Code (RAC) of 1,2, or 3. It was 
during this period that these basic R.AC levels were established. The 
two-dimensional matrix used in this Interim Convention is shown 
in Figure 3- 1, “Interim Risk Assessment Matrix.” A RAC level 
was determined by establishing the Severity Category through 
application of the stated definitions of each Undesired Event 
situation; then, determining the Probability of Occurrence Level 
by applying other definitions which are based upon the facility’s 
physical and procedural status. Those assessments falling into the 
three (black) blocks in the extreme upper left comer of the matrix 
were considered to be the most severe (RAC 1). As with the Initial 
Convention, SAR’s in the Interim Convention format are still 
valid. They, too, will be the subject of a Safety Office upgrade action 
as time permits. 

3.1.3 The Current Convention 

Figure 3-2, “Current Risk Assessment Matrix,” shows the most 
recent approach used by Safety Engineers to upgrade existing 
SAR’s. This approach would also be used to create a new SAR. The 
basic RAC levels (1,2, and 3) remain the same as developed in the 
Interim Convention, as does the method used to determine them; 
however, the black area encompassing the ‘Inost severe” category 
(RAC 1) has been expanded to six blocks, the definitions of the 
Severity Categories have been further refined, and the definition of 
Probability of Occurrence Level D has been expanded. RAC’s are 
divided into these three groups based on the class of deficiency (see 
NHB 1700.1(Vl-A), “Basic Safety Manual”). The method for 
developing a SAR under this convention is presented, in detail, in 
Chapter 2, paragraph 2.3.2, “Safety Analysis Reports.” 
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FACILITY CONFIGURATION MANAGEMENT KM) PROGRAM 

4.i PROGRAM SUMMARY 

The LaRC Facility Configuration Management (CM) Program covers ~CI 
research facilities (referred to as Effort Codes (EC’s) in the context of CM). 
They are listed in Chapter 1, Figure l-l, ‘Effort Code Summary.” These EC’s 
represent 70 research activities. CM implies the control and continuous 
updating of documents listed in the FBL and includes continuous systems 
safety analysis to assess the impact of change. It is important that any change 
to facility hardware and/or procedures be processed through this Change 
Control System. A support contractor provides continuous update of the 
documents for each facility in the CM Program. These documents include: 

a. 

b. 

C. 

d. 

Safety Analysis Reports (SAR’s) in which hazards and potential 
undesired events have been identified and the methods for their control 
have been analyzed to assure that the system does not expose personnel or 
equipment to unacceptable risks due to credible single point fai!ure. 

Standard Operating Procedures (SOP’s)/Checklists in which detailed 
operation sequences are provided to safely operate the facilities. 

Configuration Controlled Document (CCD) engineering drawings 
as listed in the FBL. 

Pressure Systems Documents in which is recorded the database 
generated during the Inservice Inspection/Recertification effort. (NOTE- 
The Pressure Systems Configuration Management Program is now a 
separate, distinct entity from the Facility CM Program (and supporting 
documents). However, as the program matures, it is envisioned that the 
Pressure System Documents will become a part of the Facility CM 
Program. See Chapter 5 for a description of the Pressure System 
Configuration Management Program.) 

4.2 CHANGE CONTROL 

4.2.1 General 

Basic to any change control in a CM Program is the notification of the 
change to the affected parties, verification that no protective 
measures have been degraded or defeated, and that no new hazards 
have been introduced. These requirements are satisfied at YASA 
LaRC through the use of either of two forms: 

a. NASA Langley Form 127, “Change Notification Sheet (CNS).” 
(See Figure 4- 1.) 

4-l 
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CHANGE NOTIFICATION SHEET 

FAC’LbiY WWER ORIGINATOR EXTENSION OATE 

I 
FACILITY NAME 

CESCRIPTION OF CHANCE 

I 
EFFORT COOE 

i 
i I- 

SAMPLE 

i FACILITY BASELINE LIST (FBL) DOCUMENTS AFFECTED: 

3OCUMENT NUMBER 
CURRENT 

REVISION 

i 

TITLE 
T 

APPROVALS 

- 

Mar mvd 

cc0 SF0 

MAO. FAC~L~TV ASSURA&E SECTION. SSORO DATE FACILITY CCOAOINATOR DATE 

‘:Ac.Ll~‘ES 53NFIGURATKZf.4 COOROINATOA DATE FAClUT’f SAFETY HEAD DATE 

XES --+hS CHANGE CHANGE VERIFIED 
,IF=Z:T SAFE?,? 

- 
I ‘ES - cl No , 

CillT’CA- 7EMS LIST 
AFFECTEC” 

7 .I: 2 ..a a NO CM CONTRACTOR 

VASA Ldngwy hm 127 (Fbv Jan 1992) 

CNS INCORPORATED 

DATE CM -TRACTOR 

Prevoln edlnoM rNy m Mea 

Figure 4-l.- Change Notifica<cc Skz> ‘CY’?:, 



b. NASA Langley Form 184, “Problem/Failure Report (PFR).” 
(See Figure 4-2.) 

The CNS and PFR, when required, will be processed in accordance 
with the directions in Figure 4-3, “Change Control Flow Chart.” 
The Facilities Configuration Coordinator (FCC) and the Head, FAS, 
SSQRD, must approve the CNS prior to any hardware changes which 
affect any CCD document in any NASA LaRC facility which is 
covered under the CM Program. A safety and/or third party review 
will be conducted for all modifications except those that are strictly 
administrative in nature. Prior to change implementation, all 
planned configuration modifications will be reviewed, concurred in, 
and approved by the Head, FAS, SSQRD, the FCC, and in some cases, 
also the Facility Engineer. After the modification has been 
completed, the CM contractor will update the affected documents 
(drawings, procedures, checklists, and/or SAR’s) in accordance with 
submitted red-lines and analyses, and make distribution of the new 
documentation to all in~terested parties. 

4.2.2 Methods of Change 

Modifications to facilities at NASA LaRC under the CM Program may 
be initiated by any one of four methods. The method selected depends 
upon the complexity and magnitude of the anticipated change. These 
four methods are: 

a. Administrative Change. Facility modifications which are 
simply administrative in nature and do not affect safety may be 
implemented without a CNS, PFK, or other approval. An 
example of such changes is the replacement of a mechanical or 
electrical component with a like device (valve, meter, and so 
forth). 

b. Change Kequiring LaRC Facility Engineer Review. Facility 
changes resulting from a problem or failure that does not affect 
FBL documents should be reported and reviewed via NASA 
Langley Form 184. (See LHB 1740.2, “Facility Safety 
Requirements.“) 

I 
C. Minor Change not Kequiring Design Keview. For those 

facility modifications affecting FBL documents and not requiring 
the Design Review process, a CNS is initiated (normally by the 
FC) and submitted, with red-lined documents supporting 
the change, to the Head, FAS, SSQRD, and FCC for approval. 
Detailed procedures documenting the fabrication and 
nondestructive examination processes for modifications of 
Critical Items will be provided by FENGD. The final red-lined 
“as built”documents and field verified drawings are submitted to 
the CM contractU2r for revie54 and dccument update. 



PROBLEM/FAILURE REPORT 

See Instructions on Reverse 
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.- 

1 
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Chapter 5 

PRESSURE SYSTEMS CONFIGURATION MANAGEMENT 
(BSCM) 

5.1 PHOGR.4M SUiMMARY 

Pressure Systems Configuration Management (PSCM) uses the databases 
generated during Inservice Inspections to produce Configuration Controlled 
Documents (CCD’s) for each system analyzed and documented. These 
databases are comprised of recertification status sheets (component listings) 
and computer-aided design (CAD)-produced isometric drawings of high-energy 
systems. New high-energy systems installed in facilities which are already in 
the PSCM Program will be added to the program. The resulting CCD’s and 
subsequent changes thereto shall be approved and maintained in accordance 
with Chapter 4 of this handbook. Engineering and research facility personnel 
are required to report proposed changes usingNASA Langley Form 127, 
“Change Notification Sheet (CNS).” A Safety and/or third-party engineering 
review will be conducted for al1 changes affecting <the database. After a.cha.nge 
has been approved, and the hardware work has been completed, the CM 
contractor will field check the changes and updatc the affected CM documents. 
All changes to be incorporated in these Prossure Systems Documents (PSD’s) 
will be appropriately red-lined in coordination with engineering and facility 
personnel, and Pressure Systems -vi11 be an agenda item at +he annual CM 
meetings when appropriate. PSD’s are useful to engineering and research 
facility pepscnne! in preparing design changes and during maintenance, 
repairs, and system inspection. Also, they will be +Lhe primary documents used 
to facilitate future Recertification efiorts. High energy systems for the various 
LaRC facilities wii! be incornorated into *the TSCX Progam in order of 
criticality as rzwurcx ?e1?13it. (See N&l2 1713.3, “Design, Inspection, and 
Certification of fr3ssure Vessels and ; ‘+essurized Systems,” for more details.) 

5.2 PRODUCTS 

The products of this program are L “CD’s called PSD’s. Each document consists 
Of: 

a. 

b. 

C. 

d. 



e. Introduction--Discusses the development, purpose, and uses of PSCM. 

f. Definition of Symbols. 

g. Key to Recertification Sheets (Component Inventories). 

h. System Description. 

i. CAD drawing followed by the Recertification Status Sheets. 

j. Footnotes. 

k. Document Reference Sheet. 



Chapter 6 

SOFTWARE CONFIGURATION MANAGEMENT 

6.1 GENERAL 

The introduction of Automated Control Systems into NASA LaRC research 
facilities has generated the need for configuration control of the resulting 
software at these facilities A Software Configuration Management 
(SWCM) Program to provide regulatory guidance for this documentation is 
being developed for implementation. 

6.2 PROGRAM OVERVIEW 

As the SWCM Program is‘implemented in a facility, coordination is required 
in order to ensure that the software brought under configuration control 
retains its quality over time. Research facilities having Automated Control 
Systems will initially have their existing software “baselined.” This will, in 
effect, formalize the existing software as a specific VERSION (probably 
Version 1.0). Subsequent changes must be closely controlled and approved by 
a Facility Software Change Control Panel (FSCCP). Both the initial 
software packages, and subsequent changes to be reviewed and approved by 
this panel, will be initiated by the Facility Safety Head (FSH) of the affected 
research facility by use of a Software Change Request (SC R). The FSCCP 
members wilI normally include, but may not be limited to, the FSH, the 
Facility Coordinator (FC), an SSQRD representative, and a FENGD 
representative (usually the Facility Automation Engineer (FAE)). 

Upon approval by the FSCCP, the change will be implemented by using the 
existing CNS process (see Chapter 4, paragraph 4.2.2~) in the established CM 
Program. The approved change will be made to a copy of the existing (current) 
Version of the software by appropriate software maintenance personnel. Once 
the change is made, tested, and verified, it will be subjected to an 
Independent Validation and Verification (I VV). Upon successful 
completion of the IVV process, the new Version will be established and 
implemented. This new Version (for example, Version 1.1) will become the 
active one and the old Version (for example, Version 1.0) will be retained in 
archive for possible future reference or reimplementation. if necessary. In this 
regard, up to three past Versions will be maintained in archive to support the 
current Version. 

6-l 



Chapter 7 

LABORATORY RISK EVALUATION PROGRAM (LREP) 

7.1 PROGRAM SUMMARY 

The Laboratory Risk Evaluation Program (LREP) program objectives 
are b: 

a. Establish a separate Configuration Management (CM) Program for 
Laboratories at NASA LaRC which are not currently under the existing 
CM Program, nor are they covered under Safety Permit. 

b. Increase safety aw.areness at the operator level at those facilities. 

C. Enhance the capability of SSQRD in monitoring the safety aspects 
of Laboratory operations and assisting in the resolution of unsafe 
practices. 

Over 120 laboratories have been identified as candidates for thi.s program. The 
LREP will be implemented for each of these laboratories in order of criticality 
as funding is obtained. 

7.2 PRODUCTS 

The products of this program are Risk Evaluations and Operating 
Procedures for each of the identified laboratories. These documents become 
Configuration Controlled Documents (CCD’s) and are established as a 
separate CM Program. As in the existing CM Program, laboratory 
management personnel shall take the steps necessary to correct any RAC 1 
and/or RAC 2 Risk Assessments revealed in the documented Risk Evaluations 
(see Chapter 2, paragraph 2.3.2.5.3a and b). 

7.2.1 Risk Evaluations (RE’s) 

The term Risk Evaluation was established to identify the Safety 
Analysis efforts associated with the LREP directive. It was intended 

’ to differentiate clearly between the LREP analysis and the full-scale 
Safety Analysis Report (SARI normally associated with the existing 
CM Program. The Risk Evaluations, although in a similar format, 
are not the product of a full-scale Hazard Control Analysis (HCA). 
They also do not reflect the detailed analysis of electrical and 
mechanical engineering drawings, the confirmation of interlocks, or 
other efforts normally included in the conduct of a SAR. Risk 
Evaluations are subjective analyses of the effectiveness of the 
operating procedures relative to safety considerations. The 
evaluations are made based on +he data from manufacturers’ 
handbooks, discussions with operator and maint&nance 
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personnel, visual inspections, maintenance factors, and a comparative 
analysis of existing procedures. A Risk Evaluation consists of: 

a. Title Page--Identifies the document as an LREP product, gives 
the name of the Laboratory, the unique identifying number, and 
the facility number in which the Laboratory is located. (The 
unique identifying number is a combination of the facility 
number and the order in which the Risk Evaluations were done in 
that facility; that is 1148-1, 1148-2, and so forth). 

b. LRE P Revision Record--Reflects the approval signatures for 
the initial issue and all Risk Evaluation changes at the direction 
of the approving authority. 

C. List of Page Revisions--Enumerates every page in the 
documentand the current revision letter of each page. 

d. Table of Contents. - 

e. Introduction--Provides the purpose and philosophy of the 
analysis and explains the RAC logic. 

f. Laboratory Description--Gives a briefoverview of the 
Laboratory, lists major capabilities, and discusses the nature of 
research which can be conducted. This section also includes a 
Facility Block Diagram of the Laboratory being evaluated. 

g. Risk Evaluation--Provides the complete assessment of the 
Laboratory’s operational environment. It includes General 
Observations and General Recommendations which address the 
existing conditions in a broad fashion. More specific hazards are 
addressed in the following section, Tabular Summary.” 

h. Tabular Summary--Column 1 enumerates each Identified 
Hazard. In the second column, marked “Risk Evaluation,” the 
analyst describes the Undesired Event, the potential causes and 
effects, what is presently in place to prevent its occurrence, and 
what other safety devices and/or procedures might further 

\ 
preclude the event. Following this, the analyst assigns a Hazard 
Level (which is derived from the standard Risk Assessment 
Matrix discussed in Chapter 2, paragraph 2.3.2.5.31, and proposes 
Recommendations which, if implemented, should reduce the 
assigned Hazard Levels. 

7.2.2 Standard Operating Procedures (SO P’s) 

Many of the Laboratories to be evaluated in the LREP effort have 
procedures in place and are using them in day-to-day operations. In 
those cases, the existing procedures are simply put into CM format, 
demonstrated, and returned to the laboratory wi:‘hou: sigW?cznt 
change. CL&i-unique techniques such as ~2.2 ~:-ze:z-+ T..:. ._ . . 5, __ . . 
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circling of NOTES, CAUTIONS, and WARNINGS are incaxyor~ated 
to bring the document to standard format. For those laboratories 
which have no procedures, initial drafts are prepared and 
demonstrated prior to being incorporated. The format for procedures 
is identical to that of Risk Evaluations in the first three pages (Title 
Page, LR.EP Revision Record, and List of Page Revisions). Page iv is a 
general opening page addressing the Purpose, Personnel, Support and 
Safety Services, and Initial Conditions appropriate to t.he prcxedures 
which follow. The procedures may be numbered in enc. continuous 
sequence; or, they may be divided into Pre-Operationa.! I Operational, 
and Post-Operational sections as dictated by the complexity of the 
Laboratory. The unique identifying number for procedures is derived 
simply by adding a ‘P” to the identifying number of the Risk 
Evaluation which the procedures support (that is, 1148-lP, 1148-2P, 
and so forth). 

7.3 LREP CHANGES 

Changes to LREP documents are accomplished in a similar manner as those in 
the Facility CM Program. In lieu of a Change Notification Sheet (CNS), LRJ3P 
changes are initiated with a NASA Langley Form 129, “Change in 
Laboratory Equipment/Procedures (CLEP),” (see Figure 7-l). This form 
is similar to the CNS form. The one major difference is that it does not require 
the signature of the Facilities Configuration Coordinator (FCC). The final 
recipient of the CUP form, and the action attached to it, is the CM contractor. 
Changes will be made to the original documents and copies of revised pages 
will be distributed in a manner similar to the existing CM Program. 

7-3 



CHANGE IN LABORATORY EQUIPMENT/PROCEDURES (CLEP) 
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Chapter 8 

ASBESTOS CONFIGURATION MANAGEMENT 

8.1 PROGKAM SUMMARY 

The Asbestos Configuration Management f’rogram (ACMP) was 
implemented on October 1,1991. The program objectives are to: 

a. Establish a program that will enable the Center to comply with the 
myriad of clean air emission regulations established by the 
Environmental Protection Agency (EPA), the Occupational Safety and 
Health Administration (OSHA), and the Commonwealth of Virginia. 

b. Increase safety awareness and minimize the risk of asbestos exposure to 
personnel. - 

C. Institute controls to prevent the release of asbestos fibers, restrict future 
asbestos use, and develop surveillance and control of known existing 
asbestos applications in Center facilities. 

Over 250 facilities have been identified to participate in this program. Each 
facility was inspected to identify friable and nonfriable asbestos-containing 
building material (ACBLM) and written inspection reports were provided to the 
FSH’s. These reports are on file at the facilities and are the baseline 
documents for this program. 

8.2 PRODUCT 

The product of this program is the Asbestos Configuration Controlled 
Document. The purpose of the document is to permit facility personnel, 
especially the FSH and FC, proper surveillance and control of existing asbestos 
applications. If hazards are found to exist, prompt and effective action should 
be taken to eliminate the hazards. The document consists of: 

a. Title Page--Identifies the document as the configuration controlled 
document, identifies the facility by number and name, and identifies the 
current document revision. 

b. Revision Record--Reflects the approval signatures for the initial issue 
and all subsequent changes at the direction of the approving authority. 

C. List of Page Revisions--Enumerates each page in the document and the 

current revision letter of each page. 

d. Table of Contents. 

e. Introduction--Provides the purpose and phiiosophy of the document. 
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f. Facility Asbestos Summary--Describes in narrative form the asbestos 
status of the facility. 

g* Facility Diagram--Depicts the actual location of positive samples where 
asbestos is located in the facility. 

8.3 ASBESTOS CONFIGURATION MANAGEMENT CHANGES 

Change to ACME documentation are accomplished by use of NASA Langley 
Form 128, “Asbestos Configuration Management Program (ACMP) 
Change Sheet” (see Figure 8-l). The form is initiated by the FCIFSH and 
approved by the Head, Safety Management Section (SMS), SSQRD, and 
FENGD. The final recipient of the form, and the action attached to it, is the 
CM contractor. Changes will be made to the original document and copies of 
revised pages will be distributed to the FSH, SSQRD, FENGD, and OSD. 

- 

.- 
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The following list defines key terms used in this handbook: 

Asbestos Configuration blanagcment l’rogr;lm (i\C1’1 I’)---A progranl designed %J 

ensure NASA Langley Research Center ( LaRC) compliance with asbestos- rcla Led 
EPA, OSIIA, and Commonwealth of Virginia clean air emission regulations. 

Asbestos Configuration Management l’rogrrm (ACMl’) Change Sheet--NASA 
Langley Form 128 prepared by LaRC personnel and processed by contractor 
personnel. It is used to record changes in the asbestos status of Center facilities 
covered under the Asbestos Configuration Management Program. 

Cause--The stimulus or triggering mechanism/act which precipitates the Undesired 
Event. 

Change in Laboratory Equipment/Procedures (CLEPI--NASA Langley 
Form 129 prepared by LaRC personnel and processed by contractor personnel. !t 
is used to record all changes made to Configuration Controlled Documents (CCD’s) 
in the Laboratory Risk Evaluation Program (LREP). 

Change Notification Sheet (CNSI--NASA Langley Form 127 prepared by LaRC 
personnel and processed by contractor personnel. It is used to record all changes to be 
made to Facility Baseline List (FBL)-listed (CCD) documents. 

Checklist--An abbreviated set of written instructions for operating a facility. 
Checklists are derived from Standard Operating Procedures (SOP’s) and contain 
sufficient detail to enable safe operations by the most experienced operator personnel. 
Checklists are controlled under the CM Program. 

CM Contractor--The CM Contractor is the Nonpersonal Service Contractor which 
supports the LaRC Facility Configuration LManagement Program. 

CM Update--The process of reviewing and documenting changes on a continuing 
basis. During this process, the reproducible masters (originals) are revised to 
incorporate the changes as shown on red-lined documents. Revisions are initiated 
and tracked by the use of the CNS. 

Configuration Controlled Documents (CCD’s)--Those facility baseline docu- 
ments that are considered critical to describing how a facility is configured, how it is 
to be operated. and what risks are associated with its operation. As such, CCD’s are 
revised only through a formal change process under the Configuration &Management 
(CM) Program. Examples of CCD’s include, but are not limited m, Safety balysis 
Reports (SAR’s), SOP’s and Checklists, certain Pressure System Documents, and 
selected Engineering Drawings. 
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Configuration Management (CM )--A discipline which establishes a baseline 
for facilities, selects technical and administrative documents, and exercises 
administrative control of all changes to that baseline. 

Critical Items List CC I Lb-A Critical I tern is any item, the single order failure of 
which, would likely result in death or damage to equipmcnt’property equal to or 
greater than $l.OM. 

Effect--The consequence of an Undesired Event/Accident in terms of equipment 
damage and/or personnel injury/death. 

Effort Code (EC) - A preassigned two-digit number that identifies a specific f’acili ty 
or group of facilities in the CM Program. For the life of the facility, all CCD’s will 
bear this number regardless of any facility name changes and/or hardware 
modifications. 

Facility Assurance Section’t FASb-A section in the Risk Management Branch, 
SSQRD, which is assigned primary responsibility for the management and execution 
of the CIM Program and the development of Facility SystemSafety Analyses. The 
Head, FAS, SSQRD, approves all CNS’s prior to any CM facility hardware changes 
involving CCD documentation. 

Facility Baseline List (FBI&-A list of documents which are pertinent to the safety 
of day-to-day operations, system safety analysis, and planning for system modifica- 
tions of a facility under the CM Program. These documents are selected for each 
facility during the initial phase of the System Safety Analysis. All selected facility 
documentation will be listed in the FBL. The SAR, the SOP’s, and the Checklists are 
included in this listing. All design analyses referenced in the CIL are included in the 
FBL as Supporting Facility Documents (SFD’s). All engineering drawings will be 
listed in numerical order and all CCD’s will be shown with the latest revision. 
Facility drawings will be further subdivided into the CCD and SFD sections of the 
FBL. 

Facility Configuration Coordinator (FCC)--An individual appointed from the 
Facilities Engineering Division (FENGD) who coordinates FENGD support to the 
LaRC System Safety Program. The FCC is responsible for the drawing upgrade 
associated with the System Safety Analysis effort and drawing updates for the CLM 
Program. The FCC also approves all CNS’s prior to any CM facility hardware 
changes which affect CCD documentation. 

Facility Coordinator (FC) (see I,MI 1700.2, “Safety Assignments”)--An 
individual appointed to coordinate the overall day-to-day operations of an LaRC 
facility. This individual uses assigned facility personnel, and additional support 
pe.monnel, as available, to accomplish requirements of this handbook. 

Facility ResumC--A document maintained by each major facility which is operated 
by the Operations Support Division (OSD). It contains information required for safe 
operations. Data includes drawings, operating and emergency procedures, operators’ 
certification, and requirements for the control of unique hazards. ‘Y-x CC ir 
responsib:e <or +&is document. 
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Facility Safety Head (FSH) (see LMI 1700.2)--An appointed individual who is 
responsible for providing team direction, obtaining required support from 
knowledgeable research personnel, and approving all Configuration Controlled 
Documentation affecting the facility. 

Facility System Safety Analysis--An analysis throughout all phases of the 
facility’s life cycle involving the identification and control of hazards and the 
assessment of risks in operating that facility. 

Facility Team--Personnel assigned to a particular LaRC facility during the initial 
Systems Safety Analysis or the Upgrade effort. The team is composed of the FSH, 
FC, FCC, Safety Manager, Safety Engineer assigned to the System Safety effort, and 
the CM Contractor when needed. 

FieId Verified (or Field Verification)--The process by which the accuracy of a CCD 
or any other drawing is verified. That accuracy is attested to by affixing a “Field 
Verified’* statement, signed by the person doing the verification, and signed and 
dated by the Project Engineer, FSH, or other responsible person. 

Hazard--A condition which has the potential to result in damage to equipment 
and/or personnel injury/death. 

Laboratory Risk Evaluation Program (LREP)--A program designed to provide 
Risk Evaluations (RE’s) and SOP’s to selected laboratories at LaRC which were not 
previously in the CM Program and not covered with a Safety Permit. 

LaRC Facility Engineer (FE)--The engineer assigned by FENGD to review, provide 
recommendations, and approve research facility repairs and/or work. 

Pressure Systems Configuration Management (PSCM)--A program to 
continuously update the Lnservice Inspection/Recertification effort. The PSCM 
contractor establishes an accurate database for high-pressure systems, publishes a 
Pressure Systems Document on each system inspected, and maintains that document 
through the existing CM Program. 

Problem/Failure Report (PFRZ-NASA Langley Form 184 which reports on the 
inability of a system, subsystem, component, part, or material to perform in 
accordance with specifications, functional test, or operational procedure 
requirements or expectations. (See LHB 1740.2, “Facility Safety Requirements.“) 

Red-Lining--The process of identifying changes on facility documentation. 
Deletions to be made are lined through with red markings; additions are shown in 
green, or in black with yellow highlighting. Red-lining of drawings may indicate 
proposed changes, or changes to show the “as is* condition. 

Research Facility (Facility)--A ground-based apparapcls or equipment directly 
associated with research operations, and suficiently complex or hazardous to 
warrant special safety analysis and control. ’ 
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Risk Evaluation (REI--A limited Safety Analysis done under the authority of the 
Laboratory Risk Evaluation Program (LREP). It is not a full-scale Safety Analysis 
Report (SARI. 

Safety Analysis Report (SARI--A report under the control of the CM Program 
which documents the formal Facility System Safety Analysis of a particular research 
facility. 

Safety Engineer--A representative of the Facility Assurance Section (FAS), Risk 
Management Branch (RMB), Systems Safety, Quality and Reliability Division 
(SSQRD), who performs an initial Facility System Safety Analysis, and/or an 
Upgrade of an existing one, and supports the CM activity for a particular facility. 

Safety Management Section--A section in the Risk Management Branch, SSQRD, 
which is assigned primary responsibility for the Center’s Institutional 
Environmental Health Program. 

Safety Manager--The Branch Head, Risk Management Branch, SSQRD. This 
individual reviews and approves all System Safety Analyses and reviews all changes 
to the SAR’s, SOP’s, and Checklists under the CM Program. 

Single Point Failure--Those discrete system elements and/or interfaces, the 
malfunction/failure of which, taken individually, would cause failure of the system. 

Standard Operating Procedures (SO P’s)--Detailed, written, step-by-step 
instructions to be routinely followed in operating a facility. SOP’s contain all 
information considered pertinent to safe and efficient operation of the facility. SOP’s 
are the source documents for Operational Checklists and are the basis, in part, for the 
facility Hazard Control Analysis. SOP’s may also be used for training operator 
personnel. SOP’s are under the control of the CM Program. 

Supporting Facility Documents (SFD’s)--Those documents, identified in the SFD 
section of the FBL which are considered as part of the baseline documentation; but, 
do not meet the criteria for CCD’s. They include design analyses and vendor 
manuals, maintenance procedures, construction drawings, conduit routing, panel 
board schedules, change control records, test data, structural inservice inspection 
plans, and detailed component drawings. 

Technical Project Engineer (TPEI--The engineer assigned by FENGD to manage 
repairs, rework, or modifications to an existing research facility or construction of a 
new facility. 

Undesired Event--An event (or series of events) which unleashes the potential 
inherent in a hazard; and, either directly or indirectly, results in damage and/or 
personnel injury/death. 

Undesired Events List--A listing in the SAR of system failures/malfunctions 
derived from the preliminary hazard analysis which could, if not adequately 
controlled, result in personnel injury, unacceptable equipmenvfacilir/ is;zaglt, 
and/or 10~3 $G ?roductivi ty. 



Upgrade--The process of revising an existing SAR, which was initially published 
under a now-outdated convention, to reflect the latest in assessment techniques and 
safety philosophy. 

Working Masters--Copies of the latest-revision CCD’s (SAR’s, SOP’s, drawings, and 
so forth) which are stamped ‘*WORKING MASTER”in red and kept at the facility. 
These documents are prepared by and provided to the facility by the CM contractor. 
WORKING MASTER drawings also show, in the CCD block, which facilities (by 
Effort Code number) consider the drawing to be critical to their operation. 
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SU 11J I<C’I’: Review P’ro~rarn for L~lngley Research Centcr (l.tiKC) Construction of 
Facilities (CoF) Projects 

SUMMARY This instruction s;cts forth the auplictibility, criteria, policy, 
and procedures for review of CoF‘ Projects under Langley 
Research Cen tcr ( LaWI managemcn t. 

1 Al’I’I,ICAHIL,I’I‘Y This instruction applies to the following CoF projects: 

l All .Mtljor Discrete Projects. 
0 Any Minor Program Projects with elements of unusual 

or potentially high risk. 

Selection of those Minor Program Projects to be reviewed 
under this instruction will be made by the Chief, Facilities 
Engineering Division (FENGD), with the concurrence of 
the Deputy Director for Systems Engineering and 
Operations. The number and format of Design Reviews for 
all CoF projects not covered by this instruction will be 
established by the Chief, FENGD. 

I’OI,ICY 

The criteria stated herein are minimum requirements for a 
third-party review of the technical and management 
aspects of LaRC’s CoF projects. The requirements of this 
instruction do not supersede other reviews imposed by 
NASA Headquarters, or replace the scientific and technical 
reviews conducted by LaRC organizations or committees 
such as: 

0 Institutional Review Board Reviews (see LMII 7100.8). 
l The Executive Safety Board and Its Committees’ 

Reviews (SW Lb11 1700.3). 
0 ‘l’echnic;ll Merit and Feasibility Reviews. 
a Routine Line Organization Reviews. 

This Center will conduct the following sequential set of 
reviews fur CoF projects covered by this instruction. 

1. Conceptual Design Review (CoDR). 

9 Y. Preliminary Design Review (PDR). 

3. Critical Design Review (CDR). 

T.S. 1774 
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POLICY (Continued) 4. Integrated System Review (ISR). 

5. Operational Readiness Review (ORR). 

This policy and set of reviews may be altered by the 
Director for Systems Engineering and Operations, as 
appropriate, to meet unique project requirements. 

REVIEW OBJECTIVES The primary objective of the above reviews is to enhance 
the probability of success of LaRC CoF projects. This will be 
achieved using the cumulative knowledge of a team of 
engineers and scientists who have been selected for their 
experience with the particular systems and functions 
involve& These reviews are advisory in nature and do not 
relieve the LaRC organization to which the project is 
assigned of the responsibility for the success of the project. 

The reviews will be technically oriented and proper 
consideration is to be given to constraints operating on the 
project - particularly those involving primary technical 
objectives, program costs, and schedules. 

GENERAL 
REQUIREMENTS 

Item 

Special Reviews 

Support 

Scheduling 

Responsibility 

The Chairperson of each review or the cognizant LaRC 
Program Director may also establish other special reviews 
to supplement the above reviews. 

LaRC Program Directors are to support the above reviews 
by furnishing senior personnel experienced in the required 
technical disciplines as requested. 

The Chairperson of each review is to organize each panel 
and draw support from NASA Headquarters, other Centers, 
industry, or other Federal agencies when applicable. 

The Project/Program Manager, or equivalent. is responsible 
for contacting the desi 
a desired review date t!r 

ated chairperson to request and set 
at allows sufficient time for orderly 

preparation. A tentative agenda, with allotted times and a 
designated Action Item Coordinator, will accompany this 
request. The Action Item Coordinator will be responsible 
for administratively tracking and routing all 
documentation necessary for closure of the review action 
items. 
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REQUIREMENTS 
(Continued) 

Item Responsibility 

Notification 

Review Material 

Action Items 

Action Item Closure 

Minutes 

Notification of a review is initiated by interoffice letter 
from the review chairperson to appropriate distribution 
which includes: 

l Review objectives. 
l Date, ‘time, and place. 
l Committee members. 
l Action Item Coordinator. 
l Tentative agenda with allotted times. 

All review material is to be distributed by review initiator 
to all panel members at least 10 days prior to the scheduled 
review date. 

Issues and questions which cannot be readily addressed at 
‘the review shall be documented on SE&O Organizational 
Form N-330, “Request for Action,” (RFA) forms (available 
from the Systems Safety, Quality and Reliability Division 
(SSQRD)), and assigned to an appropriate individual for 
closure. The Review Panel will screen all submitted RFA’s 
at the end of the review for completeness, elimination, or 
consolidation, as appropriate. The Project/Program 
Manager, in conjunction with the Design Review 
Chairperson, will assign action item responsibilities and 
due dates on the RFA forms. 

Action Item (AI) assignees shall send responses to the AI 
Coordinator for logging and routing by the specified due 
date. Closure requires concurrence by the RFA originator 
and approval by the review chairperson. An information 
copy of the tentative closure will be sent to all Review Panel 
members. Closure will become final unless it is challenged 
by a panel member within 10 working days. A copy of all 
final accepted closures is to be sent to SSQRD. The 
cognizant Division Chief of the RFA assignees is 
responsible for assuring that all action items are closed in a 
timely manner. 

Minutes of each review, including action items, are to be 
distributed by the secretary to the Panel members, 
appropriate Division Chiefs and Program Directors, and the 
Correspondence and Records Management Section 
ICBitMS), Wage.mPecc Support Division (MSD), within 
10 days of review :ompietion. 

3 T.S. 168~5 
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REVIEW DESCRIPTIONS 

Review Type Function 

l Conceptual Design 
Review (CoDR) 

Objective (CoDR) 

The objective of the CoDR is to assure the adequacy of the 
conceptual design to meet the functional design 
requirements and to provide a sound basis for a final 
design. The CoDR will normally be scheduled at 90 percent 
completion of the Preliminary Engineering Report (PER) 
(seeNM17330.2). 

See Attachment A for a sample CoDR agenda. 

Membership 7 

Chairperson: Deputy Director for Systems Engineering 
and Operations or designated alternate 

Secretary: Appointed by the Chairperson 
Members: LaRC Safety Manager or designated 

alternate 
Facility Safety Head 
Facility Coordinator 
Cognizant Research Project 

Representative 

At least five technical representatives 
from supporting line organizations as 
deemed appropriate by the Chairperson 

l Preliminary Design 
Review (PDR) 

Objective (PDR) 

i 

The objective of the PDR is to validate the adequacy of the 
intended final design approaches as related to the facility 
functional requirements according to applicable policies, 
design criteria, standards stated in NHB 7320.1, and other 
applicable National Codes. The PDR will normally be 
scheduled when the final design is approximately 
30 percent complete. 

See Attachment B for a sample PDR agenda. 

Membership- See CoDR. 

T.S. lbd4 4 
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REVIEW DESCRIPTIONS 
(Continued) 

Review Type Function 

l Critical Design Review 
(CDR) 

Objective (CDR) 

l Integrated Systems 
Review (ISR) 

The objective of the CDR is to validate the facility 
specification for the procurement and construction of the 
detailed design. The CDR is to ensure the final design and 
planning have been reviewed and that sufficient data have 
been presented according to the applicable policies, design 
criteria, standards stated in LHB 7320.1, and other 
applicable National Codes. The CDR will normally be 
scheduled when the final design is approximately 
90 percent complete but prior to the initiation of the 
acquisition/construction phase. 

See Attachment C for a sample CDR agenda. 

After the CDR and &sure of resulting action items, line 
management will coordios+a detailed drawing and 
specification reviews. Upon successful completion of these 
reviews, +he responsiide Projed?rogram Manager will 
provide 3 written statement to the CDR chairperson with 
copies to panel members. 

MembershiD - See CoDR 

Objective tISR> 

The objective of “the ISR is to validate the quality and 
configuration of the facility, confirm that it is capable of 
performing properly under expected operational 
environments, and assess that facilitij operational 
objectives will be achieved. The ISR will normally be 
scheduled when the construction and systems level 
acceptance ksting is appmximateliy complete but prior to 
initiation ofintzgrated systems testing. 

See Attachment D for a sample ISR agenda. 

Membershiv 

T.S. 16~34 
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REVIEW DESCRIPTIONS 

Review Type Function 

l Integrated Systems 
Review (ISR) 
(Continued) 

Members: Facility Coordinator 
Chairperson, Systems Operations 

Committee (see LMI 1700.3) 

At least five technical personnel selected 
by the Chairperson, preferably from the 
previous design review panels 

Action 
- 

The Chairperson is to provide a written statxment to the 
cognizant Program Director certifying it is acceptable to 
initiate system level checkout and test programs. All 
board members will receive a copy of this written 
statement. 

l Operational Readiness 
Review (ORR) 

Objective (ORR) 

The objective of the ORR is to provide a comprehensive 
assessment of the facility, equipment, test articles, 
operational procedures, and staffhg to assure the overall 
readiness and operation of the facility or systems. 

The ORR will normally be scheduled when the integrated 
system level test program is completed but prior to initial 
research operation of the facility. 

See Attachment E for a sample ORR agenda. 

Membership 

Chairperson: Program Director responsible for facility 
Secretary: Appointed by the Chairperson 
Members: Chairperson, ISR 

Chairperson, Systems Operations 
Committee (see LMI 1700.3) 

Chief, SSQRD or designated alternate 
Facility Safety Head 
Facility Coordinator 

At !east three technical pe,rsonnel selecz& 
by the Chairperson 

T.S. lba4 6 
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REVIEW DESCRIPTIONS 

Review Type Function 

l Operational Readiness 
Review (ORR) 
(Continued) 

Action 

After the ORR, the Chairperson, and an appointed 
committee to include at least three ORR members, will 
conduct a final “walk through” of the new/modified facility 
to: 

w Certify that the facility is operational. 
. List all observed safety and quality assurance 

deficiencies. 
. Verify that all prior corrective actions have been 

incorporated. 7 

The Chairperson is to provide a written statement to the 
LaRC Deputy Director certifying that the facility is 
acceptable and recommending that the facility be declared 
operational. All panel members will receive a copy of this 
written statement. 

REFERENCES NHB 7320.1, “Facilities Engineering Handbook” 

NMI 7330.1, “Delegation of Authority - Approval 
Authori ties for Facility Projects” 

NMI 8800.9, “Intergovernmental Review of National 
Aeronautics and Space Administration Programs and 
Activities” 

NMI 8800.12, “Coordination of Construction, Maintenance, 
Operations, and Management of NASA Facilities 
Programs* 

NHB 8820.2, “Facility Project Implementation Handbook” 

NASA Software Management and Assurance Program 
@MAP) Information System Life-Cycle and Documentation 
Standards Release 4.3” 

LMI 1700.1, “Safety Program" 

LAMI 1700.2, “Safety Assignments” 

".S. 1684 7 
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REFERENCES (Continued) LMI 1700.3, ‘The Executive Safety Board and Its 
Commi bees” 

LHB 1740.4, “Facility System Safety Analysis and 
Configuration Management” 

RECISION LMI 7000.2, dated May 26,1981, T.S. 1139. 

Deputy Director 

Attachments A-E 
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Attachment A to LMI 7000.2 

I. 

II. 

III. 

IV. 

CONCEPTUAL DESIGN REVIEW (CoDR) 
Sample Agenda 

INTRODUCTION 
l Scope of Review 
l Status of Conceptual Design (percent complete, earlier studies, and so forth) 
l Agenda 

PROJECT OVERVIEW 
l Research/Programmatic Requirements and Project Justification 
l New Capability/Performance Desired 
l Project Scope 

w CoF Funded Portion 
m R&D?unded Portion 

DESIGN REQUIREMENTS/CONSTRAINTS 
l Historic Preservation 
l Interfaces 
l Functional 
l Siting 
l Special Systems or Equipment 
l Safety, Reliability, and Quality Assurance (SR&QA) 
l Security 
0 Utilities 
l Design Codes/Criteria 
l Operations and Maintenance 
l Design Loads/Environment 
l Geometric I&es 
l Hardware/Software 
0 Environmental Impact 
0 Requirement Changes Since Publication of Facility Requirements Document 

CONCEPTUAL DESIGN 
l Project Description (major elements/components) 
l Site Description 
0 Architectural Concept 
l Foundation&ructural&4echanicallectrical Concepts and Analyses 
l Evaluation of Options 
l Operations and Maintenance Considerations 
l Design of Special Systems or Equipment 
l Needed Additional StudiesA’ests/Analyses 
l Summary of How Design Tentatively Meets Requirements 
0 Areas of Desi gn ConcernAJncertainty 

T.S. 1684 
December 5, 1029 
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V. SAFETY AND QUALITY ASSURANCE 
l Facility Energy Source Checklist 
0 . Preliminary Hazards List 
l Preliminary Critical Items List (GIL) 
l Status of As-Built Reference Interface Drawings 
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SUBJECT: 

REF : 

s UMMARY 

CRITERIA 

POLICY 

GENERAL 

Special Reviews 

Aeronautic and Space Flight Projects and Experiments Review Program 

NM1 7121.1, “Planning and Approval of Major Research and 
Development Projects” 
NHB 7121.4, “Guideltnes for Project Planning” 
LMI 1710.1, “Human Factors Research, Man-Rating Requirements, and 
Committee Review Procedures” 
LHB 7121.1, “Pro jet t Management” 

. 
This instruction sets forth the criteria, policy, 
and procedures for review of aeronautic and space 
flight projects and experiments under the management 
of this Center and flight experiments included as a 
part of a mission managed external to this Center. 

The criteria stated’ herein are minimum requirements 
that will permit total visibility by a third-party 
review committee of the technical and management 
aspects of Langley Research Center’s (LaRC) flight 
projects and experiments. The requirements of this 
instruction do not supersede other reviews imposed 
by NASA Headquarters, other Centers, or other LaRC 
reviews. 

This Center will conduct the following sequential 
set of reviews for flight projects and experiments: 

- Design Reviews 

. Conceptual Design Review (CODR) 
. Preliminary Design Review (PDR) 
. Critical Design Review (CDR) 

- Preshipment Readiness Review 
- Preflight Review 
- Postflight Review 

This policy may be altered by the cognizant Program 
Director to meet unique requirements. 

The above reviews are advisory in nature and do not 
relieve LaRC personnel of the responsibility for the 
success of the project or mission. 

The Chairperson of each review, or the cognizant 
Program Dtrec:or, may also establish other special 
reviews t3 supplement the above reviews. 
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Support A11 LaRC Program Directors are to support the above 

reviews. They are to furnish senior personnel, 
experienced in the required technical disciplines, 
as requested. 

The Chairperson of each review shall organize the 
Committee and draw support from other Centers or 
Federal Agencies as required. 

Review Deviations 

Review Objectives 

NASA Headquarters 
Participation in 
Reviews 

PROCEDURES 

Design Reviews 

General 

Deviatlons from the revfew policies established in 
this instruction may be made only with the approval 
of the cognizant Program Director. 

The primary objective of the above revf ews is to 
enhance the probability of success of LaRC flight 
missions. This will be achieved by utilizing the 
cumulative knowledge and skills of the team of engi- 
neers and scientists who have been selected for 
their experience with parttcular systems and 
functfons. 

The reviews ~111 be technically oriented, however, 
proper consideration is to be given to operating 
constraints - particularly those involving primary 
mission objectives and program costs and schedules. 

The Project Manager, or equivalent, is to lnsure 
that personnel from the appropriate NASA 
Headquarters Program Office are informed of review 
date and, to the extent practicable, arrange for 
reviews to be scheduled to allow NASA Headquarters’ 
participation. 

There are three levels of design reviews which are 
to be phased into the project/mission schedule at 
appropriate times. New designs are to include all 
three reviews; namely: 

. Conceptual Design Review (CoDR) - In some 
cases this review may be eliminated if the 
concept has been demonstrated and only minor 
changes are necessary. 

l Preliminary Design Review (PDR) 
. Critical Design Review (CDR) 
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Design Reviews 
(Continued) 

General l Membership 

Chairperson: 

Secretary: 
Members : 

CoDR 

l Reviews 

Assistant Director for Systems 
Engineerfng and Operations or 
designated representatLve 
Appointed by the Chairperson 
Representative, Systems Safety, 

Quality and Reliability Office 
At least five representatlves from 

supporting line organizations as 
deemed appropriate by the 
Chairperson. 7 

The Project Manager, or equivalent, is respon- 
sible for notifying the Chairperson of a review 
within sufficient time so as to permit an orderly 
preparation of the review. 

e Minutes 

Minutes of each review are to be distributed to 
committee members and appropriate Division Chiefs 
and Program Directors. 

Minutes are to be made a part of project/mission 
files. 

0 Action 

The ProJect Manager, or equivalent, is responsi- 
ble for insuring that appropriate action items, 
comments, and recommendations resulting from a 
review, also any open action items, are 
appropriately discussed at the next review. 

FUNCTION 

The objective of the CoDR Is to present the scien- 
tific requirements and examine the proposed design 
approach to accomplish these requirements by 
examiniq, <qmpletiny, and presenting the: 

7 
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Design Reviews 

FUNCT ION 

CoDR (Continued) 

PDR 

CDR 

- initial design 
- trade-off studles 
- alternate conFigurations 
- selection of critical parts 
- preliminary analyses 
- definition of environments 
- interface requirements 
- Government Supplied Equipment (GSE) 
- project planning 
- software approach, etc. 

so that the design can be examined at the conceptual 
level tith confidence. 

The CoDR will normally be scheduled at a time ‘which 
will permit assessment as noted above and pcfor to 
the start of development testing. 

The .objective of the PDR is to examine in detafl the 
baseline project/mission design being planned for 
manufacture and qualifications, validate the design 
approaches as related to project/mission require- 
ments, and cover such Items as: 

- mechanical design layouts 
- circuit designs 
- design analyses 
- performance analyses 
- results of development testing 
- GSE requirements 
- manufacturing and qualifFcacion test planning 
- status of reliability, quality assurance, and 

sys terns safety programs 
- status of planning for data retrieval, analysis, 

and publicat fan 

The PDR will normally be scheduled at the completion 
of the preliminary design and prior to the fabtica- 
tion of qualification hardware. 

The objective of the CDR is to examine details of 
the final design and mission, verify the final 
plans, design, fabrication plans, and flight accep- 
tance test planning as related CO project/mission 
requirements, and cover such items as: 

t t 1 nac 
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Design Reviews 

CDR (Continued) 

I 

FUNCTION 

- updated final design and analyses 
- qualiflcatton test and calibration test results 
- functional and performance test results 
- reliablllty, quality assurance, and safety 

programs 
- a review ‘of the plans for data retrieval, 

analysis’, and publlca t ion 

The CDR will normally be scheduled at the completion 
of the quallflcation test program. 

At the conclusion of the CDR, the review committee 
should have confidence that they have reviewed the 
final design and planning, that sufficient data has 
been presented to demonstrate the design Fs com- 
patible with the total flight system, and the 
project/mission will be accomplished within cost and 
schedule constraints. 

Preshlpment Readiness The objective of the Preshipment Readiness Review is 
Review to inspect flight hardware, make final review of 

project/mission plans, concentrate on results of 
acceptance testing, and cover such items as: 

- validating the quality of the hardware 
- confirming that the hardware Is flightworthy and 

will perform properly under the simulated flight 
environment 

- assessing that the mission objectives till be met 
- compliance with mission requirements and 

\ speclf icatlons 
- refurbishment and recalibration plans (when 

required) 
- shipping and storage plans 
- confirmation of compatfbility with all interface, 

weather protection, and contamination control 
plans 

- all failures or anomalies during test 
- status of safety and reliability analyses and 

verification of compliance with documentation 
requirements 

t 

I 

t 
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PREFACE 

This guide sets forth criteria for the certification/recertification of 
the wind tunnel internal structural systems at Langley Research Center 
(LaRC.) . This document is intended to prevent wind tunnel damage or 
injury due to structural failure of wind tunnel components. Procedures 
for certification are established, allowable stresses are specified, and 
a type and format of documentation is prescribed. The inservice 
inspection specified in the recertification procedure sha$I. not replace 
the normal routine repair and maintenance programs already in effect. 
The requirements in this document are to be used in the certifica- 
tion/recertification of the wind tunnels to the extent established by 
LaRC. 



1.0 

1.1 

1.2 

1.3 

APPLICABILITY AND IMPLEMENTATION 

Introduction and Bcope 

This guide contains criteria for the certification/recertification 
of the wind tunnel structural systems at Langley Research Center 
(LaRC). The established criteria are intended to prevent structur- 
al/component loss and/or potential facility damage. This guide 
does not apply either to pressure vessels and systems which are 
covered by NASA Langley Handbook LHB 1710.40 or to Wind-Tunnel 
Model Systems which are covered by NASA Langley Handbook LHB 
1710.15. 

App&icability and Excluded Items 

The requirements in this document or portions thereof are mandatory 
for all new and existing wind tunnel internal structural systems, 
except for wind tunnel structural components or sub-components that- 
are isolated, protected, contained or restrained in such a manner 
that the maximum destructive failure could not be harmful to people 
and/or facilities and equipment. 

Definitions 

a. 

b. 

C. 

d. 

e. 

f. 

9. 

Wind Tunnel Structural System: Any wind tunnel structural 
components or sub-components internal to the tunnel envelope 
whose failure could result in facility damage or personnel 
injury. 

Highly Stressed Areas: An area whose maximum stresses, when 
compared to allowable stresses, result in a margin of safety 
against failure of 0.05 or less, and said failure can result in 
structural system loss and/or facility damage. 

Structural System Certification: LaRC's Recertification 
Officer shall recertify wind tunnel structural systems when 
they satisfy the requirements of this guide. 

Recertification: The verification of the structural system 
certification. 

Recertification Plan: The plan established to verify and 
maintain the continuous certification of the wind tunnel 
structural systems. The plan shall provide for (a) the 
location and/or generation of all required analyses, (b) the 
nondestructive examination of welds and highly stressed areas, 
and (c) the surveillance of highly stressed areas to provide 
confidence in their structural integrity. 

Design Pressure: The maximum pressure which can occur at the 
portion of the tunnel which is being analyzed. 

Design Temperature: The maximum and minimum temperatures which 
can occur at the portion of the tunnel being analyzed. 

3 
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1.4 Responsibilities 

LaRC's Recertification Officer is responsible for the implementa- 
tion of all requirements of this guide. 

2.0 

2.1 

CERTIFICATION/RECERTIFICATION PROCEDURES 

General Description 

This chapter describes the procedures for certification/recertifi- 
cation for wind tunnel structural systems. 

2.2 New Systems 

New wind tunnel systems shall be certified prior to operation. The 
procedures for certifying a wind tunnel structural system shall be 
in accordance with the design acceptance criteria specified in this 
guide or otherwise specified by FENGD. Reviews shall be conducted 
to certify that all new wind tunnel systems are functional and meet 
the criteria set forth in this guide. FENGD may require a fOrmi 
engineering review of all new systems for compliance with this 
document. 

2.3 Systems In Service 

h. 

i. 

k. 

Temperatures effects shall include both transient and steady- 
state thermal analysis where applicable. 

Inservice Inspection: Inspection performed after a system has 
been initially put into service. 

Structural Systems Engineer: Person(s) designated to review 
and approve the safety of design for the wind tunnel &ructural 
systems. Structural systems engineering responnibilities may 
be assigned to a contractor. 

Structural Systems Report: The wind tunnel structural analy- 
ses, tests, inspection results, future inspection plan and 
recommendations in documented format. 

Nondestructive Examination (NDE): Inspection and examination 
of components by various nondestructive methods to determine 
the presence of nonconformities or to monitor known noncon- 
formities. - 

All existing tunnel structural systems shall be recertified for 
operation. The certification/recertification shall also be 
addressed when any internal component is modified so that the 
documentation remains current. The procedure for recertifying wind 
tunnel structural systems and defining periodic inspecti:: is 
illustrated in Figure 1. The individual activities are described 
in the following subparagraphs: : 



a. 

b. 

C. 

d. 

e. 

- 

f. 

h. 

i. 

Specify wind tunnel facility: The name and location of t 
wind tunnel shall be specified. 

Define system and operating conditions: The wind tunnel syst 
and operating parameters such as test medium, pressul 
temperature, and cyclic operation shall be determined. 

Identify system components: The wind tunnel components 2 
sub-components shall be identified by means of schematics tl 
identify, describe, and inventory each component and : 
location. 

Determine loads for each component: The maximum loads wh: 
can occur on each structural component shall be determined i 
specified. 

Review existing analysis and any certification documentatic 
All existing design analyses shall be obtained and reviewed : 
verification and completeness of design as per the requiremel 
of Sections 3.0 arEi 4.0. 

Provide a complete analysis: In the event that the analysis 
not complete or does not exist, a complete analysis shall 
provided. In evaluating stresses and fatigue life, 
analytical procedures as defined in Sections 3.0 and 4.0, ( 
the Appendix shall be used. 

Establish alternate design requirements: In cases w: 
alternate design criteria and analysis methods (for exam 
elastic-plastic analysis, non-linear analysis, altered saf 
factors, or proof testing) are used to ensure the safe ope 
tion of the system, sufficient explanation and detail shall 
provided. When the analysis utilizes alternate design trite 
or analysis methods, FENGD may direct use of further inspect 
criteria upon the subject component to ensure safety. 

Determine highly stressed areas: The results of the analy 
and the areas of high stress shall be identified and summari 
in the structural systems report. 

Perform NDE: 
(1) IAll welds shall be visually examined in accordance w 

the requirements of the applicable American Weld 
Society Code, e.g. ANSI/AWS D1.1 for steel StrUCtUreS 

ANSI/AWS D1.2 for aluminum structures. 

(2) All high stressed areas and lOk$% of all welds shall 
examined using one of the following nondestruct 
examination methods: radiographic, ultrasonic, 
penetrant, magnetic particle, eddy current, or visu 
LaRC's Recartif, 4cation Officer shall specify the welds 
be ir,spes-,ec! 3~0 the nondestructive examination methoc 
be us.ed. In z~r‘srming -these examinations, the procedc 
3rd 3cz~-,-c22c2 'Z', --_ _- i:: -z-i ;I The 3pplicaSle Xslerican We11 
3cc13::.': 3,,23 -'- . 1 '-;?;;I. zr.2 - 
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3.0 DESIGN AND ANALYBIS 

3.1 General 

The design of the wind tunnel structural components shall be in 
accordance with the criteria set forth in this section. 

3.2 Standards 

Unless otherwise specified, applicable provisions of the following 
standards, codes, or handbooks are acceptable: 

American National Standards Institute (ANSI) 

American Institute of Steel Construction (AISC) 

American Society for Testing Materials (ASTM) 
- 

American Welding Society (AWS) 

American Society for Nondestructive Testing (ASNT) 

American Society of Mechanical Engineers (ASME) 

National Electric Code (NEC) 

National Design Specification for Stress Grade Lumber (NDSSGL) 

Society of Automotive Engineers (SAE) 

LaRC Safety Regulations Covering Pressurized Systems (LHB 1710.40) 

National Bureau of Standards (NBS) 

Aerospace Structural Metals Handbook - Department of Defense (DOD) 

Advance Composite Design Guide - DOD/NASA 

Unless identified by date, the edition - including addenda and code 
cases - in effect at the start of recertification shall apply. 

3.3 Design Loads 

a. The design pressures and temperatures shall be established by 
research personnel and shall be included in the structural 
systems report (see Section 4.0). 

b. The loading conditions used for each component design shall 
include where applicable: dead loads, centrifugal, aerodynamic 
and thermal loads for the extremes of the test conditions, and 
design cycle life requirements. Worst case combinations of 
loading conditions shall also be sonsicierzd. 
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3.4 Material Properties 

a. 

i. 

C. 

d. 

e. 

Standards: Material Properties (mechanical and other) shall be 
determined using the latest issue of recognized standards, or, 
when necessary, experimental test data. 

Adjustments: All material properties, design criteria, and 
allowable stresses shall be suitably adjusted for operational 
temperature, pressure, 
machining, 

heat affected zones from welding or 
stress corrosion, and any other environmental 

effects which may be present during the period the material is 
under stress. 

Material Properties Verification: When material properties 
cannot be determined because of material uncertainty or lack of 
documentation for a known material, 
like materials may'be used, 

worst case properties of 

testing. 
or properties may be determined by 

For cryogenic applications, 
given to the determination 

particular care shall be 

properties. 
of strength and Charpy V-notch 

7 
Galling: 
surfaces. 

Galling shall be considered in evaluating faying 

Toughness: For all applications requiring high material 
toughness, the Charpy V-notch impact strength properties (C,) 
set forth below are required (except for specific materials as 
noted in paragraph 3.4e(2)). 

(1) Impact Strength: The following Charpy V-notch (C,) 
impact strength values are required for carbon and low 
alloy steels (including welds, heat affected, and base 
materials): 

Material Tensile 

Lateral Expansion 2 0.015 

(2) Exceptions: Materials which (1) do not undergo a marked 
drop in impact resistance at cryogenic temperatures, and 
(2) meet the requirznent of sections 3.4a through 2.4dmaY 
Se used without meeting the C., requirements. These 

0 
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materials are as follows: aluminum alloys, copper and 
copper alloys, nickel and nickel alloys, austenitic 
stainless steels, and composite materials. 

f. Cryogenic Applications: 
applications, 

In analyzing materials for cryogenic 
special consideration must be given to low 

temperature embrittlement, 
and dimensional stability. 

coefficient of thermal expansion, 
Such considerations must be given 

not only to primary (load carrying) structural materials but 
also to solders, brazes, fillers, and so forth. 

(1) Cryogenic Materials Data Sources: Suggested sources of 
information on materials which have been characterized and 
evaluated for cryogenic use are as follows: 

l Materials for Cryogenic Wind Tunnel Testing. National 
Bureau of Standards Report, NBSIR 79-1624, May 1990. 

l Cryogenic Materials Data Handbook. Volumes I and II. 
Technical Documentary Report, AFML-TDR-64-280 (Rev. 
1970) 

l Handbook on Materials for Superconducting Machinery. 
Metals and Ceramics Information Agency Report, MCIC-HB- 
04, November 1974. 

3.5 Allowable Stresses 

a. General: The allowable stress criteria for materials given in 
this section are based on well established design practices. 
Three methods are provided for establishing stress design 
allowables. Methods 1 and 1A are based on conventional, 
conservative approaches which can be employed where structural 
design optimization is not a factor, and minimum analysis 
effort is desired. Method 2 is a systematic approach which can 
yield a more optimal structural design. Individual structural 
components or subsystems can be designed to the allowables of 
either Methods 1, 1A or 2. 

b. Method 1: For standard handbook analysis at temperatures below 
the 'creep range, the allowable combined stress (axial plus 
bending) shall be the smaller of the values of one-quarter 
(l/4) of the minimum ultimate strength or two-thirds (2/3) of 
the minimum yield strength of the material at temperature. 
This corresponds to a safety factor of 4 on ultimate or 1.5 on 
yield, respectively. In this method, the combined stress to be 
compared to the allowable shall be calculated for worst 
combined load cases (mechanical plus thermal) and include 
stress concentration effects. 
data, 

In the absence of shear strength 
maximum allowable shear stress for all combined loads 

shall be taken as one-third (l/3) of the minimum yield strength 
at temperature. The maximum allowable beariq stress shall 3e 
equal to the 'yield strength at tamner>+.*.r? 
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C. Method 1A: In certain cases a variation on the allowables of 
Method 1 is acceptable. Method 1A is intended to address 
situations where the allowables of Method 1 cannot be met when 
stress concentration effects are included in areas where the 
stress state is well defined (for example, a perforated plate 
loaded in bending). In such cases, a highly localized stress 
cannot result in collapse of the structure but rather becomes 
a concern in terms of localized distortion and crack initiation 
which could lead to fatigue failure. In such cases, the 
allowables of Method 1 may be used without including the stress 
concentration effect. However, the stress concentration effect 
along with other fatigue reduction factors must be applied, and 
a fatigue or fracture mechanics analysis shall be performed per 
section 3.6~ or 3.6d, respectively. 

d. Method 2: This method may used when the system cannot be 
certified/recertified to the allowables of Methods 1 or 1A. 
However, in order to design to the allowables in this section, 
the stress state in the structure must be well understood with 
a high level of confidence. Closed-form solutions and standard 
handbook calculations will in many cases suffice. 'However, for 
highly indeterminate complex structures, a more in-depth 
analysis will be required using state-of-the-art structural 
analysis codes employing finite element or finite difference 
techniques. 

(1) Terminology for Method 2: 

(a) 

tb) 

(cl 

id) 

te> 

Combined Principle Stress Intensity: The combined 
principle stress intensity is defined as twice the 
maximum shear stress and is the difference between 
the algebraically largest principle stress and the 
algebraically smallest principle stress at a given 
point. 

Normal Stress: The stress normal to the plane of 
reference. 

Shear Stress: The stress tangent to the plane of 
reference. 

Membrane Strc,ss: The component of normal stress 
which is uniformly distributed and is equal to the 
average value of stro ss across the thickness of the 
section under consideration. 

?rimary Stress: 'I‘he stress (norznai cr shear) which 
is nscessar:! .tc satisfy the simple laws of equilib- 
ri113 92 3x t 3r7.2.1 and 1ntarr.91 loads. A thermal 
strass is nc-, a >risary stress. Zxamples of primary 
St- 2S31,'Z -- .3:3; 7"" --s-L . ..-.. e-.-c- -3'picr3r.e s'trsss (axial force 
?Jl.,- ;>,A -'* -mrs=.s e-+-d. rr, zross-eec-,,onal 3r3a 02 a structur- 
?i _ 2' >..s ..- - - -..,c., - -,-: --^*. __ ---a--- '-' -- .A __..# 3 ___ -.1= ,E!r..c5iq mcment 
e . ;,.. - . . * , _ ::.J'.. _, ' ,-: 2 ;',z- - - - y,p,d-l 1.2; -- --- . . aa. 1 ;:r:c.:x3 :. 2emker) . 
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(f) 

(9) 

th) 

ti) 

Secondary Stress: The stress (normal or shear) 
developed by constraints or by the self-constraint 
of a structure. Examples of secondary stresses are: 
general thermal stress and bending stress at a gross 
structural discontinuity (sudden changes in geometry 
which affect a relatively large portion of the 
component). 

Incremental Peak Stress: Incremental peak stress is 
defined as the increment added to the stress at a 
point to give the total peak stress in areas of 
stress concentrations or local thermal stresses. 
The basic characteristic of a peak stress is that it 
does not cause any noticeable distortion and is 
objectionable only as a possible source of a fatigue 
crack or a brittle fracture. 

Thermal Stress: Thermal stress is a self-balancing 
stress produced by a nonuniform distribution of 
temperature, by boundary conditions, or by differing 
coefficients of thermal expansion. Tyo types of 
thermal stresses are considered: general thermal 
stress associated with distortion of the structure 
in which it occurs, and local thermal stress associ- 
ated.with almost complete suppression of the differ- 
ential expansion/contraction and thus produces 
virtually no distortions. 

Stress Cycle: Stress cycle is a condition in which 
the alternating stress difference goes from an 
initial value through an algebraic maximum value and 
an algebraic minimum value and then returns to the 
initial value. A single operational cycle may 
result in one or more stress cycles. 

(2) Calculation of Combined Stress Intensity: At the point on 
the structure which is being investigated, choose an 
orthogonal set of coordinates (i,j,k). The stress 
components in these directions are then designated ai, aj, 
bk for normal stresses and IFj, 
stresses. rjk’ ‘kit for shear 

Calculate the stress components for each type of loading 
to which the part will be subjected and assign each set of 
stress values to one of, or a group of, the following 
categories: 

(a) Primary membrane stresses, Q, 

(b) Primary bending stress, Q~ 

(cl Secondary stress, a, 

td) Incremental peak stress. 1. 



. 

Translate the stress components in the [i,j,k] (may be 
rectangular, cylindrical, or spherical coordinates) 
directions into principle stresses cl, a2, u3. Next 
calculate the value of the stress difference c712, a23, and 
ajl from the relations: 

012 = tq - 02) NOTE: For a biaxial state 
023 = (02 - 03) 
031 = (03 - q) 

of stress oj = 0. 

The combined stress intensity S is the largest absolute 
value Of 012, 023, Q31. 

(3) Stress Intensity Allowables: 

(a) Primary Membrane Stress Intensity, .a,, shall not 
exceed ehe allowable membrane stress, S,. 
be the smaller of: 

S, shall 
- 

2/3 Sy@temperature 
2/3 Sy@700F 
l/3 S,@temperature 
l/3 SU@700F 

(b) Primary membrane plus primary bending stress inten- 
sity for solid rectangular cross sections shall not 
exceed 1.5 times S,: 

Qm + ‘b L 1.5 s, 

Primary membrane plus primary bending stress inten- 
sity over the gross section of non-rectangular or 
hollow cross sections (including rolled shapes) 
shall not exceed S,: 

(c) Primary plus secondary stress intensity shall not 
exceed 3.0 times S,: 

i 6, + a), + 6, ( 3.0 s, 

(d) Primary plus secondary plus peak stress intensity 
shall be evaluated by Fatigue Analysis (Section 
3.6~). 

(4) Other allowables: 

(a) The algebraic sum of the three principal stresses 
shall not exceed 4.0 times S,: 

al + a2 + u3 5 4.0 S, 

(b) Bearing stre ss shall be less than or equal to S:,. 

13 



(cl Pure primary shear stress shall be less than or 
equal to 0.6Sm. (Shape factors which are applied to 
calculate maximum transverse shear stress at the 
centroids of cross sections do not apply to pure 
shear stress calculations). Typical components 
which undergo pure shear include keys, bolt and nut 
threads, and shear pins. 

(5) Stress Allowables For Composites 

(a) General: Allowable stresses and stress intensities 
will generally be in accordance with the above 
requirements. The yield or ultimate strength of the 
composite material shall be taken from test data for 
the particular lay-up. When test data is not avail- 
able, the stresses in each ply of the laminate shall 
be calculated and compared with the allowables for 
the ply material. 

- 
tb) Shear: Because of the complexity of shear loadings 

in composite materials, a safety factor of 2 on the 
as-built ultimate shear strength, both interlaminar 
and laminar, is required. 

3.6 Structural Analysis/Design 

a. 

b. 

C. 

d. 

e. 

Stress Analysis: A stress analysis is required as a part of 
the structural systems report. It shall be complete and 
sufficiently comprehensive so as to require no further explana- 
tion. 

Thermal Analysis: Sufficient analyses shall be performed to 
examine thermal stresses and distortions for steady-state and 
transient conditions. 

Fatigue Analysis: The provisions of this section apply to 
components that are subjected to cyclic loadings to the extent 
that fatigue is a credible failure mode. The fatigue analysis 
is performed on the premise that no flaws or cracks initially 
exist in the structure. Appendix A is provided as a guide for 
performing fatigue design analysis and for determining the 
remaining fatigue life in a component. 

Fracture Analysis: Fracture mechanics analysis may be used to 
evaluate known flaws. The fracture analysis may preclude the 
fatigue analysis as the basis for design life calculations. 

Design Life: The design life requirements for the fatigue 
and/or fracture analysis for structural components and the 
sources shall be referenced. In cases where the projected 
load-cycle/design life requirement is not *dell defined. the 
following approximations shall Se used: 
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(2) 

conditions over its life shall be multiplied by 1.5. This 
number shallbethe primary design life-cycle requirement. 

Unsteady Oscillating Loads: Unless otherwise known, the 
assumed maximum peak unsteady load shall be 25 percent of 
the steady loads at a random frequency. Unsteady aerody- 
namic loads shall be considered when flow conditions may 
result in unsteady perturbations produced by such phenome- 
na as shedding vortices, varying separation or stall 
zones, inlet turbulent intensities, number of guide vanes 
per revolution of rotor, etc. These unsteady loads may be 
of either random or known frequencies. 

f. Creep: Creep shall be considered when material temperatures 
exceed l/2 of their melting temperatures (temperatures are on 
the absoiute scale). 

4. Mechanical Connections 
- 

(1) Structural Joints: 

(a) Welded Joints: 
and fabricated 

All welded joints shall be designed 
in compliance with AWS. 

(b) Bolted Joints: All bolted joints shall be designed 
and analyzed for the loads specified in paragraph 
3.3 and for a clamping force of 1.5 times the maxi- 
mum separating force. Bolted joints may be friction 
or bearing type. If a bolted joint is the bearing 
type t no shear loads shall be transmitted through 
the threaded portion of the bolt. Shear loads may 
also be transmitted by keys, pins, or shoulders. 

(2) Fasteners: 

(a) Preload: Fasteners shall be designed for a maximum 
preload not to exceed th of the bolt materials' yield 
strengths. 

(b) Thread Engagement: Thread engagement shall be 
designed to develop strength equivalent to the bolt 

1 ultimate strength. The design shall consider both 
the parent and the insert material. 

(c) Retention: Bolts in critical applications must be 
secured by mechanical systems (locking-tab washers, 
locking inserts, interference threadforms safety 
wiring, jam nuts, and so forth) and/or approved 
chemical locking systems. 

h. Stability 

(1) Buckling: The allowable compressive stress/load in 
columns and skins shall not exceed one-half (l/2) of the 

1s 
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4.0 

4.1 

DOCUMENTATION 

General 

A Structural Systems Report shall be prepared for all *wind tunnels 
structural systems at LaRC. This report will present analyses and 
related inspection results which reflecti + the current safety status 
of the wind tunnel structural systems. 

4.2 COnt8XltS 

critical buckling stress/load calculated using the proper 
slenderness ratio. 

(2) Aerodynamic stability: The stability of the structural 
components shall be analyzed to ensure that undesirable 
events such as divergence and flutter do not create 
unstable conditions. 

(a) Divergence: The allowable dynamic pressure causing 
divergence shall not exceed onerhalf (l/2) of the 
actual dynamic pressure on the component. This 
requirement is also satisfied if the ratio.of the 
increase in normal force on the component to angle 
of attack of the flow does not exceed l/2 of the 
support system restoring force generated by such an 
angle change (change in force / change in angle of 
attack): 

(b) Flutter: The structural components shall be suffi- 
ciently designed to avoid flutter. A factor of 
safety of 2 shall be applied to the dynamic pressure 
when calculating the aerodynamic forcing functions 
causing flutter. 

i. Dynamic Analysis 

(1) General: The special requirements set forth in this 
section apply to systems which have rotating parts, such 
as fans and rotors, or systems to which dynamic loadings 
are applied. 

(2) Analysis: Equivalent G factor, real eigenvalue, transient 
response, frequency response, or random response analyses 
shall be performed if required to determine the structural 
adequacy of the system. 

The structural systems report shall contain 1) a main body 
describing the facility, am2 summarizing all results and recommen- 
dations 2) appendices which include szatxs sheets showx*q the 
certification/recertifica.:ion s-tat-25 ,sr ea4cl;, .xaj cr s;rstam or 
component, and 3: at%ach:.enz~ _. .--,.:iIn~ 1 mf- ~:rTF~:n~nt an?l~rs 2s 
back-jrgund Lnf2yyz-i~-. zr+ ~?:._I~~+ XT-T - >.?.-I -3 *'- .: G ---+--- -__ i -,I 
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attachments shall be capable of standing alone. 
report shall contain: 

As a minimum, the 

a. Main body 

(1) Record of Revisions Page 

(2) Table of Contents (including a list of appendices and 
attachments). 

(3) Introduction 

(4) Facility Description: A description of the facility 
including system contents and service conditions such as 
aerodynamic pressure, temperature, cyclic.operations, flow 
characteristics, etc. 

(5) Executive Summary: The executive summary shall consist of 
the significant results used in the certificationlrecert- 
ification process. 
dations, 

This contains the findings, recommen- 
and future inspection plan. 

7 
(a) Findings: Any deviations to the requirements of 

this guide or unacceptable conditions revealed by 
the analysis which restrict full certification/ 
rece.rtification shall be reported. 

(b) Recommendations: Any recommendations for disposing 
of the deficiencies shall be stated. 

(cl Future Inspection Requirements: The future nonde- 
structive examination requirements shall be estab- 
lished based on the highly stressed areas. A draw- 
ing showing the type of NDE and years of future 
inspection shall be developed. 

(6) Recertification Approach: A general description of the 
procedure followed to recertify the facility shall be 
provided. 

(7) Status Sheet Key/Definitions: This section shall desig- 
nate the definitions and/or keys used in the status sheets 
which are contained in the appendices. 

b. Appendices: An appendix 
described in the facility. 

shall accompany each sub-system 

main listings: 
Each appendix shall contain two 

(1) a list of the non-complying components and 
suggested recommendations, and (2) a list containing the status 
of all components. 

(1) Non-complying components: This listing identifies the 
components which do not meet the recertification require- 
ments within this guide. The following information shall 
be included: 



I i .:I 3 1 

(a) 

(b) 

(cl 

(d) 

(4 

(f) 

(9) 

Drawing number showing the location of the component 

Item number of component 

Description of component 

Actual component stress 

Allowable component stress 

Problem description 

Recommendation 

(2) Status Summary: This listing summarizes the status of all 
components. The list shall contain brief descriptions of 
the 

(a) 

(b) 

(cl 

(d) 

W 

(f) 

(9) 

(h) 

following' categories: 

Drawing and item number. - 

Component description 

Material 

Installation date of component 

Inspection date of component 

Maximum actual stress 

Maximum allowable stress (or equivalent) 

Margins of safety. Margin of safety shall be calcu- 
lated as: 

! 

(i) 

(j> 

(k) 

M.S. = Al 1 owabl e Stress 
Actual Stress 

or similarly when levels other than stress are being 
compared. 

Footnotes which may be added to further clarify 
component information. 

References specifying the recertification details 
contained within the attachments. 

Recommendation for each component. The component is 
either recertified/certified, recommended for remov- 
al, repair, monitoring or derating. 
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C. Attachments: The attachments shall provide background informa- 
tion of the recertification. The attachments shall specify the 
following: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Component or System Definition and Description: This 
shall include as-built drawing numbers and sketches for 
the system or component. These drawings and/or sketches 
shall describe the system and/or component design and 
location. A supplementary narrative description may be 
included as needed. 

Materials: The material properties adjusted for operating 
conditions. 

Allowables: The allowable stress levels for each stress 
classification at the applicable temperature. 

Loading Conditions: A description of all non-negligible 
loads imposed on the component. If loads are derived from 
analysis, the analysis shall be presented or referenced 
here. Examples of loading conditions are dead (gravity) 
loads, thermal loads, aerodynamic loads, and mechanical 
loads. 

Assumptions: A description of assumptions used in the 
analysis which affect the final results. 

Method of Analysis: A description of the methods used in 
the structural analysis. 

Stress Analysis: A clear, detailed, and structured 
analysis shall be presented. References to equations 
which are not common knowledge shall be given. The 
analysis shall be complete and self-contained. Existing 
analyses may be referenced and not presented in detail if 
no changes to the analysis are required. This section may 
be further subdivided to reflect individual types of 
analyses such as buckling, thermal, fatigue, fracture 
mechanics, static and dynamic. 

(a) The stress analysis shall show whether allowable 
stresses are exceeded for the worst load case(s). 

(b) Each detailed analysis section shall contain a 
description of the components, a sketch showing 
forces and moments acting on the part (free body 
diagram) and statements of assumptions, approxima- 
tions, section and physical properties, type and 
heat treat condition of the ma=eriais, and pertinent 
drawing numbers. 
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(d) Where applicable, finite element analyses documen- 
tation shall include computer generated plot(s) of 
the finite element model(s), descriptions of loads 
and boundary conditions, tabular or graphical summa- 
ry of stress data, and name of structural code used. 
Validation of finite element model(s) is required by 
either closed form solution approximations or other 
evidence which shows high confidence in the finite 
element model(s) such as equilibrium checks, conver- 
gency I accuracy of solution, and so forth. 

(8) Waivers, change notification sheets, and other supporting 
documents. 

(9) Results of NDE 

(10) References: Books, papers, analyses, reports, drawings, 
letters and any other reference material used in the 

_ development of the report. 

'5.0 QUALITY ASSURANCE 

5.1 Introduction 

This chapter provides the detailed quality assurance criteria for 
the recertification of wind tunnel internal structural systems at 
LaRC. These criteria are intended to ensure that the as-built wind 
tunnel structural system hardware meets the criteria specified 
within this guide. 

5.2 Recertification Plan 

FENGD is responsible for creating and maintaining a recertification 
plan. This plan shall provide methods for monitoring the inservice 
inspection results and resolving discrepant items. The recertifi- 
cation plan shall also track revisions to hardware or operating 
conditions which might affect the certification. Each change 
and/or inspection shall be reviewed by the structural systems 
engineer to determine if the change meets the requirements of this 
guide. The results of inservice inspection coupled with the review 
of revisions and changes will ensure that the structural systems 
are continuously certified. The recertification plan monitors any 
change in the structural system by keeping track of the following 
records: 

a. Operational history (including but not limited to: exposure to 
temperature in excess of design, exposure to operation in 
excess of maximum operating design parameters, change in 
location). 

b. Records of modifications or repairs. 

P 
.d . Records of inspeczions and tests ~erfgrrned 27 :':.3 ~'rst,or?.. 



d. Date of last inspection. 

e. Waivers 

5.3 Deviations 

Two types of deviations from this guide may occur. The first 
deviation being a design which dces r,ot meet the requirements or 
alternate design requirements established in this guide, and the 
second from an unfavorable condition found during the inservice 
inspection. Deviation requests fo, r component design and inservice 
inspections will be handled in the following manner. 

When an inspection or review of csmponen t analysis reveals evidence 
of deviations from the criteria in this guide, the discrepancy must 
be processed in accordance with the provisions of this paragraph. 

a. Documentation - A deficiency noted by the inservice inspection 
or design analysis must be documented and reported to FENGD for 
disposition. Deficiencies x*.~st be recorded in the structural 
systems repcrt. 7 a 

b. Disposition - FENGD shai; c~srd~:~~:c thz corrective action or 
otherwise dispose of t3.z de?lcFency. 752 disposition may 
consist of additional znginearkg analysis, repair, modifica- 
tion, derating, additicnal ttszs? 3r inspections. 

(1) 

(2) 

(3) 

(4) 

Additional Q,gi:zez<ii-.q ‘7='ysia - Xddizicnal engineering r-l. .^ - 
8valIlaticn nay be 2s~: --e-s+ -:-;T- 32~3 r=,=listic assump- -e-.. -- __A.. 3 
tions and/or so?hlstic.a=+2 nazhods to certify/recertify 
the system for the original ol;eracir.g conditions. When 
the new basis has been determined, the appropriate 
inspect ions and tas",s x*x", :,le psrt‘crmed and documented. 

Derating - A system or compcnent may be derated to less 
severe service conditi ons on a parmanent or temporary 
basis. Temporary derating allows the system to be 
operated at a safe ssr-rice Level during the time it takes 
to make modifica?Lzns or to devslo,p- the engineering 
rationale require;: to c~~~~~~~~rasert~ry the system for 
permanent serV152. 

Repairs or Xodif:za=ior.s - ,/I-r= s;~‘s~,s.TI .~r zzmponent may be 
repaired or modiflad and r=--?-~o+ 'I3 a ,ccndition that can A - --- .-Me 
be recertifiad. X?prcszlaza insoeszic~.s and ~zsts must be 
performed a?", ~!oz*~menzz2. 



Each waiver must be documented and be included in the structur- 
al systems report. 
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APPENDIX A: FATIGUE ANALYSIS 

A.1 Definitions 

The figure below shows a typical stress cycle: 

where: Smin = minimum 
stress 

S max 7 maximum 
stress 

S mean = mean stress 
= 

S 
( Smax+Smip) / 2 

alt = alternating 
stress 

= (Smax'Smin) /2 

The following ‘are definitions pertaining to fatigue analysis: 

ii 
= actual number of stress cycles of a load case 
= allowable number of stress cycles from the fatigue curve 

U = usage factor of a specific load case = the fraction of a 
component's fatigue life which has been exhausted 

= n/N 
U = the total usage factor = the summation of all load case 

usage factors and shall be less than or equal to 1.0. 
=i = principal stress 

SF) = stress difference rang8 = ai - a 
sij adj = stress difference range adjusted 4 o incorporate the differ- 

ence of modulus of elasticity of the actual material to 
that of the fatigue curve 

= si x (E /E 1 
S alt = I/i of t'h","",dj%?~d stress difference range 

z (112) X S~J X (Ecurve/Eactual) 

A.2 Fatigue Curve 

FatigU8 (S-N) data for the material at test temperature shall be 
used. Whenever applicable, the fatigue curves (S-N curves) in 
Section VIII, Division 2, Appendix S of the ASME Boiler and 
Pressure Vessel Code shall b8 USed in the fatigue analyses. When 
the fatigue curves in Section VIII, Division 2 are not applicable, 
the baseline S-N data shall b8 located through a search of the 
technical literature. These data shall then be adjusted as 
described in the document "Criteria of the XSME 3oiier and Pressure 
Vessel Code for Design by Analysis in Sections I=: and VIT' L-t 

23 



A.5 Example 

A component fabricated from carbon steel is subjected to the 
following load cases of cyclic stress at 70°F: 

First, the principal stresses are calculated and ordered 
consistently by direction. Then the stress differences are 
calculated: 

- 

Figure S-110.1 from the 1989 ASME Boiler and Pressure Vessel 
Code, Section VIII, Division 2, Appendix 5, is used as the 
s - N curve for the carbon steel. E of the curve is 30 x lo6 
psi. E of the material at 70°F is 29.5 x lo6 psi. 

Combine S12 's and the number of cycles, calculate Salt = 
t1i2) ts12) (Ecutve/Eanalyeie ) find N from the fatigue curve, and 
calculate the usage: 

Motes: 1) Load case 0 Indicates :het no ioedcase iwerposition has QcCJrred- 
2) Inf4nita nwtxr of cycLes indicates that rhc alternating stress is 

bdou the endurance I imit. 



t 

A.3 

A.4 

Division 2" to develop the required fatigue curves. This document 
is available from the Fracture Mechanics Engineering Section, FENGD 
or from the ASME. 

Stress Concentration Factors 

Appropriate stress concentration factors shall be applied to 
stresses in areas of local structural discontinuities before 
principal stresses are calculated. 

Application 

Considering the general case of a component subjected to multiple 
cyclic loading conditions over its life, the following method of 
cumulative damage (Miner's Rule) shall be used to determine the 
components structural adequacy from a fatigue viewpoint: 

- 1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

For each loading condition of n number of stress cycles, the 
principal stresses and their respective directional cosines 
shall be calculated. 7 
The principal stresses in each direction for each load case 
shall then be ordered, ol, 02, CT~. The ordering by direction 
shall be consistent between load cases. 
The stress difference ranges shall then be calculated: 
S12 = a1 - a2, Sz3 = u2 - a3, and S31 = c3 - ol. 
The S12's from all load cases shall be tabulated. Likewise, the 
Sz3's and Sjlf s shall also be separately tabulated. 
Stress differences in the same direction and the number of 
cycles shall be superpositioned if the resulting combined range 
is greater than the individual stress difference ranges. 
example in the next section illustrates this). 

(The 

The alternating stress shall be calculated as l/2 of the stress 
difference range multiplied by the ratio of the modulus of 
elasticity of the fatigue curve to the actual modulus of 
elasticity of the material. 
Using an appropriate fatigue (S-N) curve, the allowable number 
of cycles (N) corresponding to the alternating stress shall be 
determined. 
The usage factor, u, is calculated as the ratio of the actual 
number of cycles, n, to the allowable number of cycles, N. 
For each of the three stress difference ranges, the total usage 
factor is the summation of the individual u's and shall not 
exceed 1.0. 



Likewise for Sz3: 

Allowable 

Notes: 1) Lo8d case 0 indi 
2) Infinite nurber 

belou the embra 

Llkewlse for ~3~~: ' 

Allowable 

Notes: 1) Load case 0 indicates that no load case superposition has 
2) lnfinite nuber of cycles indicates that the alternating s 

below the endurance 1 imi t. 

- 

Since each total usage factor is less than 1.0 the component 
is structurally acceptable from a fatigue vieboint. 

i 
i 


