IVE/ EF-UU4V

Thirteenth Annual Report
Radiation Exposure

For DOE and DOE
Contractor Employees-1980

Published: February 1982

Prepared for:

U.S. Department of Energy
Assistant Secretary for Environmental

Protection, Safety, and Emergency Preparedness
Office of Nuclear Safety

Under Contract No. DE-AC06-76-RL01830



This report has been reproduced directly from the best available copy.

Available from the National Technical Information Service, U. S. Department of Commerce, Springfield,
Virginia 22161.

Price: Printed Copy g4
Microfiche A01

Codes are used for pricing all publications. The code is determined by the number of pages in the
publication. Information pertaining to the pricing codes can be found in the current issues of the following
publications, which are generally available in most libraries: Energy Research Abstracts, (ERA);
Government Reports Announcements and Index (GRA and 1); Scientific and Technical Abstract Reports
(STAR); and publication, NTIS-PR-360 available from (NTIS) at the above address.



DOE/EP-0040
UC-41

Thirteenth Annual Report
Radiation Exposure

For DOE and DOE
Contractor Employees-1980

Prepared by:
Pacific Northwest Laboratory
Richland, Washington 99352

Under Contract No. DE-AC06-76RL0O1 830

Prepared for:

U.S. Department of Energy
Assistant Secretary for Environmental
Protection, Safety, and Emergency Preparedness
Office of Nuclear Safety
Washington, DC 20545






THIRTEENTH ANNUAL REPORT
RADIATION EXPOSURES FOR DOE AND DOE CONTRACTOR EMPLOYEES
1980

PREFACE

This report is one of a series of annual reports provided by the U.S. Department of Energy (DOE)
summarizing occupational radiation exposures received by DOE and DOE contractor employees.
These reports provide an overview of radiation exposures received each year as well as identification of
trends in exposures being experienced over the years.

- In 1968, the U.S. Atomic Energy Commission (AEC) established a program for reporting certain
occupational radiation exposure information to a central radiation records repository. At the same
time, a contract was made with Union Carbide Corporation at Oak Ridge, Tennessee, to computerize
the processing of the radiation exposure reporting system. Annual summary reports were published
from 1969 through 1973 (WASH-1350-R1 through WASH-1350-R6), and included information on AEC
contractor employees and visitors, as well as employees and visitors of companies in the private sector
licensed by the AEC.

In January 1975, with the separation of the AEC into the Energy Research and Development Agency
(ERDA) and the U.S. Nuclear Regulatory Commission (NRC), each agency assumed responsibility for
collecting and maintaining occupational exposure information reported by the facilities under its
jurisdiction. Former AEC licensees reported to the NRC while contractors reported to ERDA. At the
same time, a contract was made with Union Carbide Corporation at Oak Ridge, Tennessee, to
computerize the reporting and processing of both the ERDA and NRC radiation exposure reporting
systems. On October 1,1977, DOE was formed and assumed the responsibilities of ERDA. Processing
“and programming of exposure information continued at Oak Ridge until October 1978, when the
management and further development of the DOE radiation exposure reporting system was assigned
to the System Safety Development Center, EG&G Idaho, Inc.; the NRC system remained at Oak Ridge.

Radiation exposure data for ERDA and ERDA contractor employees and visitors for 1974 through 1976
were reported in ERDA 76/119, ERDA 77-29, and DOE/EV-0011/9. The DOE and DOE contractor
radiation exposure data for 1977, 1978, and 1979 were presented in DOE/EV-0066/10, 11, and 12,
respectively. This report contains 1980 radiation exposure data for DOE and DOE contractors. A revised
version of the 1979 report was issued.

Previous reports for AEC/ERDA/DOE government and contractor employees and visitors may be
obtained from the U.S. DOE Technical Information Center, P.O. Box 62, Oak Ridge, TN 37830.






SUMMARY

All Department of Energy (DOE) and DOE contractors are required by DOE Order 5484.1, Chapter IV to
submit occupational exposure records to a central repository. The data required includes a summary of
whole-body exposures to ionizing radiation, a summary of internal depositions of radioactive materials
above specified limits, and occupational exposure reports for terminating employees. This report is a
summary of the data submitted by DOE and DOE contractors for 1980.

A total of 85,465 DOE and DOE contractor employees were monitored for whole-body ionizing
radiation exposures in 1980. This represents 62.1% of all DOE and DOE contractor employees and is a
decrease from the number of individuals monitored in 1979. In addition to the employees, 87,590
visitors were monitored.

Of all employees monitored, 52.72% received a dose equivalent that was less than measurable, 45.51% a
measurable exposure less than 1 rem, and 1.77% an exposure greater than 1 rem. The exposure
received by 87.96% of the visitors to DOE facilities was less than measurable. Only 12.03% of the visitors
received a measurable exposure less than 1rem, and 0.01% of the visitors received an exposure greater
than 1 rem. No employees or visitors received a dose equivalent greater than 4 rem.

The collective dose equivalent for DOE and DOE contractor employees was 7,405 person-rem. The
collective dose equivalent for visitors was 619 person-rem. The total dose equivalent for employees and
visitors combined was 8,024 person-rem. The average dose equivalent for all individuals (employees
and visitors) monitored was 46 mrem and the average dose equivalent for all employees who received a
measurable exposure was 187 mrem. The highest average dose equivalent was observed for employees
monitored at fuel processing facilities (333 mrem) and the lowest among visitors (7 mrem) to DOE
facilities. These averages are significantly less than the DOE 5-rem/year radiation protection standard
for whole-body exposures.

Five cases of internal depositions were reported in 1980. In all cases, the depositions were less than the
annual dose-equivalent standard. Internal depositions were the result of accidental, not planned,
exposures.

A total of 8,968 monitored employees terminated their employment in 1980. The average cumulative
dose equivalent for terminated employees who worked one to two years was 0.36 rem; three to four
years, 0.57 rem; five to six years, 0.57 rem; and longer than six years, 2.97 rem. The average cumulative
dose equivalent for employees who terminated with more than six years of employment appears high
in comparison with the other data. However, this average includes the cumulative exposure of
individuals who worked for DOE or DOE contractors for over 20 years.

Seven individuals terminated their employment with two or more DOE employers during one calendar
quarter in 1980. The average individual quarterly dose equivalent for these transient workers was
1.22 rem, which is less than the quarterly radiation protection standard of 3 rem.






CONTENTS

[0 2 2 7 I T iii
SUMM ARY ittt ittt ittt i i i i i i et e v
INTRODUCGTION 1 ottt ittt it i esteiaesteennanesssnnasssanaannsseannnnssssnssss 1
SUMMARY OF WHOLE-BODY IONIZING RADIATION EXPOSURES . .....ccvvviniiiiiiinnnen 2

DISTRIBUTION BY DOSE INTERVAL ..t ititiiiiietiiiintnnsesrarenessaniasannssssssns 2

DISTRIBUTION BY FACILITY TYPE ...ttt iiiiieiiniiiaerennnsaaaaannssssnnaneeaans 9

DISTRIBUTION BY FIELD ORGANIZATION ...ttt tinitnnennannnannnsosseesssns 1
SUMMARY OF INTERNAL EXPOSURES . ...ttt iiiiii i iiiiiiiiinianetananaennnnnsassns 14
SUMMARY OF WORKER TERMINATIONS ...ttt eietininnnsnanianaennneeesss 15
SUMMARY OF TRANSIENT WORKERS . . ..ot ittttiiiiii ittt rrnineaerannassnsnseensas 16

APPENDIX A—DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES
BY FACILITY TYPE FOR EACH DOE FIELD ORGANIZATION,1980........ccvviiinnennannnnss A1

APPENDIX B—DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES
BY CONTRACTOR FOR EACH DOE FIELD ORGANIZATION, 1980 ... ..coviiinnnnnnneeeennnn B.1

APPENDIX C—DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES

FOR DOE GOVERNMENT EMPLOYEES AND VISITORS BY
DOE FIELD ORGANIZATION, 1980 ... iuinitiiiiiiiiteeteereseansssonnnronsensseroees C1

vii



10

1

FIGURES

Comparison of Number of Employees, Number of Employees Monitored, and
Number of Employees Monitored Who Received No Measurable

Dose Equivalent......... ... i 4

Percent of Monitored Employees and Percent of Monitored Visitors Who Received

an Exposure Less Than Measurable, Less Than 1 rem, or Greater Thanlrem .............. 5

Contribution of Each Dose-Equivalent Interval to the Total Collective

Dose Equivalent, 1980 ..............ooiuiiui i 6

Total Collective Dose Equivalent for all DOE/DOE Contractor Employees

Who Received an Exposure Greater Than 1 rem, 1965-1980 .. ........................... .. 8

Contribution of Each Facility Type to the Total Collective Dose Equivalent ................ 9
TABLES

Radiation Protection Standards for External and Internal Dose Equivalents

for Individuals in Controlled Areas..................c.cooiiiso 1

Distribution of Whole-Body lonizing Radiation Exposures for DOE/DOE Contractor

Employees and Visitors by Dose-Equivalent Interval ................... ... oo 3

Distribution of Whole-Body lonizing Radiation Exposures for

DOE/DOE Contractor Employees, 1965-1980 ....................coovvineee 7

Distribution of Annual Whole-Body Exposures for DOE/DOE Contractor Employees and

Visitors by Facility Type, 1980 ...........ooouii it 10

Collective Dose Equivalent for DOE/DOE Contractor

Employees and Visitors by Facility Type,1980. ... .o 1

Collective Dose Equivalent for DOE/DOE Contractor :

Employees and Visitors by Field Organization, 1980.................................. 12

Fraction of Collective Dose Equivalent for DOE/DOE Contractor Employees and Visitors

Attributed to a Facility Type Within Each Field Organization,1980........................ 13

Collective Dose Equivalent for DOE/DOE Contractor Employees

and Visitors by Field Organization, 1975-1980 .........................coioi 14

Dose Distributions for Cases of Internal Body Depositions, 1977-1980..................... 15

Average Cumulative Dose Equivalent for Individuals Terminatingin1980 ................. 16

Summary of Transient Workers, 1973-1980 .. .............coeeeerssis e 16

viii



A1

A.2

A3

A4

A.5

A.6

A7

A.8

A9

A.10

Al

B.1

B.2

B.3

B.4

B.5

B.6

Distribution of Annual Whole-Body Exposures by Facility Type—
Albuquerque Field Organization, 1980 ... .......ccuuirvinteneenee e e ereenannnnns A1

Distribution of Annual Whole-Body Exposures by Facility Type—
Chicago Field Organization, 1980 .. .......ouuuuinineen e eee e ee e eeeasnaenens A.2

Distribution of Annual Whole-Body Exposures by Facility Type—
Grand Junction Field Organization, 1980 .............vvuiurinenerernenenenneneeennnn. A3

Distribution of Annual Whole-Body Exposures by Facility Type—
Idaho Field Organization, 1980 .. ........vuurenente et e A.4

Distribution of Annual Whole-Body Exposures by Facility Type—
Nevada Field Organization, 1980. ... ......uuutuneunereirn ettt etneeenaeeennenns A.5

Distribution of Annual Whole-Body Exposures by Facility Type—
Oak Ridge Field Organization, 1980 .. ........ueuniiuiretnee e e raeeeeeinennnans A.6

Distribution of Annual Whole-Body Exposures by Facility Type—
Pittsburgh Naval Reactor Field Organization, 1980 . .. ......ovvreenensnrennnennnnnnnns A7

Distribution of Annual Whole-Body Exposures by Facility Type—
Richland Field Organization, 1980 ............cuiuueiuiniiiineiiieeeeeiaeennnns, A.8

Distribution of Annual Whole-Body Exposures by Facility Type—
San Francisco Field Organization, 1980 ............vuiririninin i eeenenanenennn, A9

Distribution of Annual Whole-Body Exposures by Facility Type—
Savannah River Field Organization, 1980. . . ... .vuuttnrtrreeeeer e e enennnnins A.10

Distribution of Annual Whole-Body Exposures by Facility Type—
Schenectady Naval Reactor Field Organization, 1980 . .. .........uvuerererernernnnnnnnn A1

Distribution of Annual Whole-Body Exposures by Contractor—
Albuquerque Field Organization, 1980 .. ..........uueereirniinnernereireeennennnnn. B.1

Distribution of Annual Whole-Body Exposures by Contractor—
Chicago Field Organization, 1980 .. .. .....uuiuernettie et eete e e ee e eieeneenannns B.4

Distribution of Annual Whole-Body Exposures by Contractor—
Grand Junction Field Organization, 1980 ............ovueiniinirninninreneeneennnnnns. B.6

Distribution of Annual Whole-Body Exposures by Contractor—
Idaho Field Organization, 1980 .. .........uuunininiininene e eeeeeenenenenenenn, B.7

Distribution of Annual Whole-Body Exposures by Contractor—
Nevada Field Organization, 1980 . .........uutniniiin ittt eeeeeeeenenenennnnn, B.10

Distribution of Annual Whole-Body Exposures by Contractor—
Oak Ridge Field Organization, 1980 . .......ouuutnintitie e eeeeeeeeeeenennnnnns B.13



B.7

B.8

B.9

B.10

B.1

C.1

Distribution of Annual Whole-Body Exposures by Contractor—
Pittsburgh Naval Reactor Field Organization, 1980 ...............oveerrnneennnnnnnnn.. B.16

Distribution of Annual Whole-Body Exposures by Contractor—
Richland Field Organization, 1980 ..............iieuiiiiie et ieeeeseeeiieeenns B.17

Distribution of Annual Whole-Body Exposures by Contractor—
San Francisco Field Organization, 1980 ...........ciuvriinintneeeeeeeeeeneneenennnnsn B.19

Distribution of Annual Whole-Body Exposures by Contractor—
Savannah River Field Organization, 1980. .. ........c.uviiuiieineeeeeeeeeennennnns, B.21

Distribution of Annual Whole-Body Exposures by Contractor—
Schenectady Naval Reactor Field Organization, 1980. ... ........oeuernereeneennnnnnn.s B.22

Distribution of Annual Whole-Body Exposures for DOE Government
Employees and Visitors by DOE Field Organization, 1980 ... ...........oeuueueeennnr...s C.1



THIRTEENTH ANNUAL REPORT
RADIATION EXPOSURES FOR DOE AND DOE CONTRACTOR EMPLOYEES
1980

INTRODUCTION

One of the basic Department of Energy (DOE) radiation protection policy objectives is that radiation
exposures be maintained as low as is reasonably achievable (ALARA) and within the occupational
exposure guidelines provided in DOE Order 5480.1, Chapter XI (Table 1). Assurance thatoccupational
exposures do not exceed the guidelines is not considered, in itself, sufficient. All operations are to be
conducted “in a manner to assure that radiation exposures to individuals and population groups are
limited to the lowest levels technically and economically feasible.”

TABLE 1. Radiation Protection Standards for External and Internal Dose Equivalents for
Individuals in Controlled Areas

Dose Equivalent (Dose or

Type of Exposure Exposure Period Dose Commitment)(rem)(a)
Whole body, head and trunk,  Year 5(c)
gonads, lens of the eye,(b) Calendar quarter 3

red bone marrow, active
blood-forming organs.

Unlimited areas of the skin Year 15
(except hands and forearms), Calendar quarter 5
other organs, tissues, and
organ systems (except bone)

Bone Year 30
Calendar quarter 10
Forearms(d) Year 30
Calendar quarter 10
Hands(d) and feet Year 75
Calendar quarter 25

(2)To meet the dose commitment standards above, operations must be conducted in such a manner
that it would be unlikely that an individual would assimilate in a critical organ, by inhalation,
ingestion, or absorption, a quantity of radionuclide(s) that would commit the individual to an organ
dose which exceeds the limits specified in this table.

(b)A beta exposure below a maximum energy of 700 keV will not penetrate the lens of the eye;
therefore, the applicable limit for these energies would be that for the skin (15 rem/year).

()In special cases with the approval of the Director, Division of Operational and Environmental Safety,
a worker may exceed 5 rem/year provided his/her average exposure per year since age 18 will not
exceed 5 rem/year.

(d)All reasonable effort shall be made to keep exposure of forearms and hands to the general limit for
the skin.




To assist in the determination that exposures to individuals are maintained at the lowest level practica-
ble, DOE requires the submittal of occupational radiation exposure records to a central repository. The
datarequired includes a summary of whole-body exposure to ionizing radiation, a summary of internal
depositions of radioactive materials, and occupational exposure reports for terminating employees.
The central data base also includes occupational radiation exposure information for the Atomic Energy
Commission (AEC) and the Energy Research and Development Agency (ERDA).

This report is a summary of the data submitted in 1980 by DOE and DOE contractor offices. For the
purpose of trend analysis, the data is compared to that reported in previous years. The data used to
prepare this report is presented in Appendix A, “Distribution of Whole-Body Exposures by Facility
Type for Each DOE Field Organization, 1980”; Appendix B, “Distribution of Annual Whole Body
Exposures by Contractor for Each DOE Field Organization, 1980”’; and Appendix C, “Distribution of
Annual Whole-Body Exposures for DOE Government Employees and Visitors by DOE Field Organiza-
tion, 1980.”

SUMMARY OF WHOLE-BODY IONIZING RADIATION EXPOSURES

Monitoring is required by DOE Order 5480.1, Chapter X1, where the potential exists for an individual to
receive a dose or dose commitment in any calendar quarter in excess of the 10% of the quarterly or
annual occupational exposure guidelines shown in Table 1. Depending on the administrative policy of
the contractor, monitoring may also be provided to individuals, such as clerical workers, for whom the
exposure potential is extremely low.

The number of individuals who received an occupational whole-body exposure in one of 18 dose-
equivalentintervalsranging from “less than measurable” to “greater than 10rem” is provided annually
by each DOE contractor and DOE office. A positive, measurable exposure is any recorded exposure
greater than the minimum sensitivity of a personnel monitoring device. The data is further subdivided
into one of 10 facility types.

Contractors have the option of reporting the distribution of whole-body occupational dose equiva-
lents only for those individuals for whom monitoring is required, or for all those for whom monitoring
is provided. Many contractors choose to report the latter, thus increasing the number of individuals
who are considered to be radiation workers. To account for this effect, the average dose equivalent per
individual receiving a measurable exposure is calculated as well as the average dose equivalent per
individual monitored.

The annual collective dose equivalent is calculated by multiplying the number of individuals in each
dose range by the midpoint of the range, and then summing the products. This procedure allows an
estimate of the collective dose equivalent to be calculated without knowledge of each individual’s
annual dose. However, a source of error is introduced into the calculation by the assumption that the
midpoint of the dose-equivalent range is the mean dose equivalent of the individuals reported in each
dose-equivalent range. Frequently, the actual mean dose equivalent in each range is less than the
assumed arithmetic mean. Thus, collective dose equivalents presented in this report may be slightly
higher than the actual collective dose equivalents.



DISTRIBUTION BY DOSE INTERVAL

The number of employees and visitors who received a dose equivalent in each of 18 dose-equivalent
ranges is presented in Table 2. There were no DOE employees or visitors who received a dose
equivalent greater than 4 rem. A total of 85,465 DOE and DOE contractor employees were monitored
for whole-body ionizing radiation exposure in 1980. This represents 62.1% of all DOE and DOE
contractor employees. In addition to the employees, 87,590 visitors were monitored at DOE facilities.
Visitors may include radiation workers from another DOE facility present on an interim basis.

TABLE 2. Distribution of Whole Body lonizing Radiation Exposures for DOE/DOE Contractor
Employees and Visitors by Dose-Equivalent Interval

Dose-Equivalent Interval Number of Persons Collective Person-rem

(rem) Employees Visitors Total Employees Visitors Total
<Measurable 45,054 77,045 122,099 0 0 0
Measurable to 0.10 29,384 10,109 39,493 1,470 505 1,975
0.10to0 0.25 4,902 341 5,243 858 60 918
0.25 t0 0.50 2,674 62 2,736 1,003 23 1,026
0.50 to 0.75 1,244 18 1,262 777 12 789
0.75 to 1.00 691 9 700 604 8 612
1to2 1,113 4 1,117 1,670 6 1,676
2to3 387 2 389 967 5 972
3to4 16 0 16 56 0 56
4t05 0 0 0 0 0 0
5t06 0 0 0 0 0 0
6to7 0 0 0 0 0 0
7to8 0 0 0 0 0 0
8to9 0 0 0 0 0 0
9t010 0 0 0 0 0 0
>10 0 0 0 0 0 0
TOTAL 85,465 87,590 173,055 7,405 619 8,024

A comparison of DOE and DOE contractor employees, the number of employees monitored and the
number of employees who did not receive a measurable dose equivalent in the last five years is
presented in Figure 1. The number of employees monitored in 1980 decreased from the number
reported in previous years (Figure 1). This was primarily due to the decision of a contractor to report
only the dose-equivalent distribution for those employees for whom monitoring is required rather
than all employees.

Of all employees monitored, 52.72% received a dose equivalent that was less than measurable, 45.51% a
measurable exposure less than 1 rem, and 1.77% an exposure greater than 1 rem (Figure 2). The
exposure received by 87.96% of the visitors to DOE facilities was less than measurable. Only 12.03% of
the visitors received an exposure between measurable and 1rem, and 0. 01% of the visitors received an
exposure greater than 1 rem (Figure 2).
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MEASURABLE TO 1 rem
45.51%

<MEASURABLE
87.96%

>1rem
1.77%

MEA SURABLE -
TO 1 rem

<MEASURABLE

52.72% 12.03%
>1lrem
0.01%
DOE AND DOE CONTRACTOR EMPLOYEES VISITORS
(85,465 MONITORED) (87,590 MONITORED)

FIGURE 2. Percent of Monitored Employees and Percent of Monitored Visitors Who Received
an Exposure Less Than Measurable, Less Than 1 rem, or Greater Than 1 rem

The collective dose equivalent was 7,405 person-rem for all DOE and DOE contractor employees, and
619 person-rem for visitors to DOE facilities, for a total collective dose equivalent of 8,024 person-rem.
The contribution of the individuals in each dose-equivalentinterval to the collective dose equivalentis
shown in Figure 3. Individuals whose exposure was less than 1 rem contributed the greatest portion of
the total person-rem.

The distribution of whole-body exposures for the years 1965-1980 is presented in Table 3. As can be
observed in Table 3, the number of employees who received a dose equivalent greater than 1 rem has
gradually declined since 1965. This same downward trend in the occupational exposures can be
observed in Figure 4 that shows the collective dose equivalent for all individuals from 1965 to 1980 who
received an exposure greater than 1 rem. The collective dose equivalent for individuals who received
an exposure less than 1 rem was not included because prior to 1974, a less-than-measurable exposure
was not distinguished from measurable exposures in the reporting system. This decrease in the
collective dose equivalent has been achieved even though some work was performed in older facilities
which were not constructed using current design criteria. This trend reflects both changes in the nature
of the work performed at DOE facilities and the consistent application of ALARA practices throughout
all DOE operations.
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The average dose equivalent by facility type per individual monitored and per individual monitored
with measurable exposure is shown in Table 5. The average dose equivalent per individual monitored
for all facilities combined was 46 mrem. The highest average dose equivalent per individual monitored
was observed at fuel processing facilities (333 mrem) and the lowest was observed for visitors to DOE
facilities (7 mrem). The average dose equivalent per individual monitored with a measurable exposure
was 158 mrem. The highest average dose equivalent for all monitored employees was observed at fuel

processing facilities (442 mrem) and the lowest was observed for DOE office personnel (56 mrem).

TABLE 5. Collective Dose Equivalent for DOE/DOE Contractor Employees
and Visitors by Facility Type, 1980

No. No. Individuals Average Dose Equivalent (mrem)
Facility Individuals With Measurable Total No.  Average Dose Equivalent (mrem) Per Individual Monitored
Type Monitored Exposure Person-rem Per Individual Monitored With Measurable Exposures
Reactor 6,921 4,267 1,185 7 724
Fuel Fab. 2,102 1,368 323 153 236
Fuel Proc. 3,147 2,369 1,047 333 442
Uran. Enrich. 1,871 1,336 156 83 117
Weapon F&T 15,904 7,245 869 54 120
Gen. Research 36,110 13,177 1,611 44 122
Accelerator 5,315 1,968 412 77 209
Other 12,037 8,167 1,773 147 217
Visitors 87,590 10,545 619 7 58
DOE Offices 2,058 514 29 14 56
TOTAL 173,055 50,956 8,024 46 158

DISTRIBUTION BY FIELD ORGANIZATION

For each field organization, the number of employees monitored and the collective dose equivalent
are shown in Table 6. Differences in the collective dose equivalent at each field organization reflect
differencesin the nature of the work performed and the administrative policy concerning whether the
dose distribution is reported for all employees or only for those for whom monitoring is required.
Table 7 provides an indication of the work done at each field organization by showing what fraction of
the collective dose equivalent at each field organization is attributed to each facility type. Trends in
collective dose equivalent from 1975 to 1980 can be observed for each field organization in Table 8.

1



gsL 9p 9208 956°0S SS0‘ELL viol
9Lz ToelL L6E‘L Sy’ L 19A1Y YeuueARg
8s vE 6L £5€°L S62°7 101083y [eABN
Apeauaydg
6. 8 (1724 0S0°€ szL'0g odsiduel] ueg
862 8€T 95T £85°Z 99'6 puejyory
99 LL 981 51T 9097 101083y jeAeN
ysingsnid
L voL 09 0sZ‘y az8's 23p1y o
44 z 0s 69 6L6°LT EpEADN
r4R SL €65 L06°L LS9'8E oyep|
9/L 0S 6 LS 08L uondun( puesn
LSL Vig 8L6 2409 SLv6L odeay>
86 95 00£'L 98€°/L £9L°0€ anbianbngqjy
$31nsodx3 a|qesnsesapy Yim paionuopy jenpiAlpuj 134 (wai-uosiayg) ainsodx3 paloliuow uoneziuedip

paloliuopy [enpiaipu] 134
(wauw) juajeainby asoq a8esany

(waiw) judjeainby asoq alesany

uajeainby  3jqeinseapy YiM  sjenpiaipuy

asoq
9A11D9)j0D)

S[enpIAIpu] "ON

‘ON

prRH

0861 ‘uoneziuediQ pjal4 Aq siousiA pue saakojdwy J010e1U0D 30A/IOJ 104 Judjeainb] 3s0g 2AND3[10) 9 31AVL

12



Lo'0> 80°0 o S0°0 0z'0 LL'o 200 €L0 ¥0°0 SLo diINIgWwoD
. SNOILVZINYDIO
and ny
L00 S0°0 L00 L£°0 95°0  Jopeay jeaeN Apepauaydg
L0'0> L0°0 [4All 90°0 200 90 60°0 €L0 19A1Y YeuueAeg
90°0 €00 69°0 LO'0 LZ0 oospuel4 ueg
L0'0> 200 890 600 200 620 pueyay
Lo0 14 L00 zs0 wo 10103y |eaeN y8ingsnid
200 oLo0 9€'0 800 9z'0 8L0 23p1y yeO
90 0 epeAaN
L0 890 LE'0 oyep|
00°'L uondun( puesn
LL'o 600 0 €0 00 o3ediyd
Lo0 ¥T0 L0'0> 0€°0 S0 anbisanbnq)y
PO JOA I0ISIA 1BYIO  "I3IFDY  Ydleasay 1%Rd Youug 2044 ‘qe4 loreay uonezjuesiQ pIat4
‘u9n)  uodeapy  ‘uein ELP [ELE]
adA] Aujpey

0861 ‘uoneziuediQ pjai4 Yyoeg uiylm adA] Anjioe4 e o)
painquny s101sIA pue saakojdw3 1030e13u0) 30A/I0QA 10§ JudjeAinbl aso( 3A1D3[|0)) JO UONdRLY £ J1EVL

13



TABLE 8. Collective Dose Equivalent for DOE/DOE Contractor Employees and Visitors by Field
Organization, 1975-1980(a)

Field Organization 1975 1976 1977 1978 1979 1980
Albuquerque 2,324 1,437 2,300 2,399 1,873 1,700
Chicago 1,638 1,354 1,373 1,167 1,061 918
Grand Junction 5 <1 <1 2 8 9
Idaho 611 790 929 899 876 593
Nevada 55 25 49 47 55 50
Oak Ridge 1,284 1,351 1,300 1,566 1,332 604
Pittsburgh Naval Reactor 1,876 1,609 653 252 196 186
Richland 2,257 2,265 3,197 2,596 2,571 2,256
San Francisco 283 285 334 307 264 240
Schenectady Naval Reactor 1,022 203 148 11 114 79
Savannah River 1,268 1,278 1,298 1,289 1,343 1,39
TOTAL 12,622 10,597 11,581 10,635 9,693 8,024

(a)Throughout this report, minor variations in collective dose-equivalent values may occur due
to computer rounding.

(b)The 1979 data differ slightly from those listed in the 1979 report because of an error in the
dose-equivalent calculation by a contractor.

SUMMARY OF INTERNAL EXPOSURES

Internal body depositions of radioactive material result from accidental, not planned, exposures.
A report of internal body deposition of radioactive materials is required when:

1. anyuptake of radioactive material occurred during the reporting year that either independently or
when added to a current burden was estimated to resultin a dose commitment to the critical organ
in excess of 50% of the pertinent annual dose equivalent standard set forth in DOE Order 5484.1,
Chapter XI; or when

2. any previously unreported uptake of radioactive material was determined to have been reportable
according to the above criteria by reason of the most recent dose-equivalent estimates.

Table 9 gives a four-year comparison of new cases of internal body depositions. Only those cases

occurring within each year are included. Cases where the effects of prior years’ depositions are
continuing or where a new uptake is not clearly identified are not included.
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TABLE9. Dose Distributions for Cases of Internal Body Depositions, 1977-1980

Critical Dose Equivalent Interval (rem)

Year Radionuclide Organ 7.5-10  10-15  15-25  25-50 -50-100 100-200
1977 28py Lung 1 1 1
1978  239Py, 24Py, 241py Lung 1

155 Thyroid 1
1979 234y, 235y, 2381 Lung 2
1980 %Py Bone 3(a) 1(b)

24y, 2351, 238 Lung 1

(a)These previously unreported individuals exceeded 50% of the annual standard during 1980 as a result
of chronic buildup due to translocation from the lungs from prior years’ exposure. No acute
exposure is known to have occurred.

(b)One individual exceeded 100% of the annual standard in 1980 for unknown reasons. This individual
received a Type B plutonium lung exposure as a result of an incident in 1971, and has been excluded
from work with plutoniumssince that time. Since the systemic burden was less than half the standard
in 1978, this new information was also reported. This individual’s case is being closely followed to see
if some mechanism for the increase in systemic burden can be determined.

Of 13 reported internal deposition cases for 1980, five are considered new and are included in Table 9.
The 8 remaining cases are not included for the following reasons: in seven cases, the current burden
has decreased from the measured level of previous years. These instances are judged as continued
tracking of a previous uptake. In one other case, the reported current burden was slightly higher than
was previously measured, indicating either a re-evaluation of the burden, or a possible new uptake.

SUMMARY OF WORKER TERMINATIONS

A total of 8,929 monitored workers terminated their employment with DOE or DOE contractors in 1980.
Table 10 gives the length of employment as well as the average cumulative dose equivalent for the
workers in each time interval. These data indicate that the average cumulative dose equivalent for
workers terminating in 1980 after 1to 365 days of employment was significantly less than the 5 rem/year
radiation protection standard for the whole body.

The average cumulative dose equivalent for workers who terminated after more than six years of
employment was 2.97 rem. This average appears high in comparison with the average cumulative dose
equivalent for employees who terminated with less than six years of employment. However, this

average includes the cumulative exposure of individuals who worked for DOE or DOE contractors for
more than 20 years.
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TABLE 10. Average Cumulative Dose Equivalent for Individuals Terminating in 1980

Average Cumulative

Number of Total Cumulative Dose Equivalent
Length of Terminated Dose Equivalent Per Terminated
Employment Employees (Person-rem) Employee (rem)
1-90 days 1,709 596.54 0.35
90-180 days 892 265.42 0.30
180-365 days 1,164 472.32 0.41
1-2 years 1,267 460.31 0.36
3-4 years 1,281 735.59 0.57
5-6 years 566 321.30 0.57
>6 years 2,050 6082.14 297

SUMMARY OF TRANSIENT WORKERS

Seven individuals terminated their employment with two or more employers during one calendar
quarter in 1980. The average individual quarterly dose equivalent for these transient workers was
1.22 rem, which is less than the quarterly radiation protection standard of 3 rem for the whole body
(Table 1). This average dose equivalent is greater than that observed in 1979, when the two individuals
who terminated with two or more employers in one calendar quarter did not receive a measurable
dose equivalent (Table 11).

TABLE 11. Summary of Transient Workers, 1973-1980

Average Individual

Number of Total Person-rem Quarterly Exposure
Year Transient Workers Accumulated (rem)
1973 62 140.49 2.27
1974 26 31.19 1.20
1975 8 22.71 2.84
1976 9 2.48 0.28
1977 12 2.01 0.17
1978 9 0.20 0.02
1979 2 0.00 0.00
1980 7 8.55 1.22
TOTAL 135 207.63 1.54
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APPENDIX A

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES BY FACILITY TYPE
FOR EACH DOE FIELD ORGANIZATION, 1980
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APPENDIX B

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES BY CONTRACTOR FOR
EACH DOE FIELD ORGANIZATION, 1980






(wau) saSuey juajeainbz asoq

NOILVZINVDYO d1IH INOJINONGTV
YOLOVULINOD A4 STUNSOdXI AAOd ITOHM TVNNNY 40 NoOLLNgisIa

0861

L'd 378v1

LL L 14 8 8L 19 088 ozelL 1e10}

L 0c 0L SIONUSIA

0z L v 8 8L L9 098 £19 saa/ojdws
"0D) Yd1easay ojuesuopy

451 T oL & S 8z 134 L 9s 496 [elog

14 8/ 198 SI01ISIA

131 ¢ oL & S 24 124 L 144 90L saa4ojdwy
se[15-128ueH p uosepy

8 L 4 € L 95 LS jelog

[4 €42 SIONSIA

8 L 4 € L 4] 867 saafo|dwg
A80j021x0] uonejeyu|

LL L S 8L 90L e jelog

L L SI0)ISIA

LL L S 8L soL 6€7 s324ojdu3
‘0D 1129|3 jes3uan

144 L 13 298 [L20e]

SI0ISIA

44 L £ 798 saakojdwy
351w anbsanbnqy
Wwal-uosidd 01< 016 68 8L L9 9§ Sb € €¢ z-L 00'L S0 0s°0 LYAL] oLo ‘seapy Jopenuo)

(1209 § “§£0  -0S0 -Sz0 -OL0 -'seapy >

B.1



148

145

z6
€T
69

€78
1433
68%

L4 69 <9 88 8L

¥ 69 S9 88 S8l

¥

98¢

987

L9

09z

S08
1183
6¥

{99
z6lLe

a

[44

LiL
paqs
¥79

BEEE
0seL
8961

9%

[el0L
SIONSIA
saako|dwy

sadojos| audpaja|
feio}

SIONSIA
saakojdw]

VD ‘sauojesoqe] eipueg
|el0}

SIONSIA
saa4o|dg

WN ‘salioleloqe] etpueg
[eoL

SIONSIA
saaiojdwy

‘Ju] ‘UOHBIAY $SOY
|elop

SIOUSIA
saadojdwg

|euOIBUIBIL] ||]3MD0Y

wal-uosidd OL< O0L6 68 8L L9 99 SV ¥t €T L 00°L L0 0s°0

|elog

. 80 -0S0 -ST0

(wa1) saSuey juajeainby asoq

0861

LTAY
-0L'o

oL'o
-'SBaN

NOILVYZINVDIO a1iid InOaINndONd1v

YOLIDVIINOD Af STUANSOdXI AdOT ITOHM TVNNNY 10 NOILNGI1SIa

(panunuo)) L°g 319VL

‘SeapN
>

Jo@enuo))

B.2



891 8 vZ ¥ 9L 87 1334 8L6 LETSL yLZZL INO0IINONETV TV1OL
V744 ¥ 6 6 (44 18 Sl LOE vLSL £99¢ |©10)
6€ 4 L z 8 08 174 b6 SIONSIA
88¢ vy 6 LU 44 6L 2 12 9TL 6L saakojdwy
eluIOfIfeD) JO ANSIaAtun
LE L S v SL € 97 z80L je10]
SIOMSIA
LE L S v SL (x4 9z z80L saako|dw3
Auedwo) ez ayj
4 € o€ 88L |e101
SIONSIA
[4 £ i1y 8L saakojdwy
‘d10) xipuag ay]
Wwal-uosidd 0L< OL-6 68 8Z 9 96 S+ € € T-L 00l S0 0S50 S0 oLo “SBIW Jopenuo)
jerog -6Z0  -050 -ST0  -0L'0  -'seapy >

(wai) saduey Juajeanby asoq

0861
NOILVZINVDYO d1iid INOJINONG1IV

JOLIOVIINOD Ag STYNSOdXI AA0d ITOHM TVNNNY 40 NOILNGINLSI

(panunuo)) 1°g 31gv1L

B.3



8L L (4 SL S¢ L 807 OELL viEE |e101

44 € 9L 9s [4:14 68LT SIONSIA

1348 L Lz SL 44 19 498 89 S8LL saddojdwy
‘[@20V |euoneN w34

L6 € oL 6 £ 14 9L SL SGE 09 jelol

[4 L 1% 967 SIONSIA

68 £ O 6 £ v 9L L OLE 80€ sa94ojdwy
-osiy o8ediy)

LpE 4 [} AR 4 133 9 ozL P24 09sL LLZ jelog

Ly [4 4 14 £ SL 08 6.7 88 SIONSIA

00€ T 6 6 6 6S soL 9T K:740 €81 saao|duwy
‘qe7 |euoneN uaAeyyoolg

Loz € €L 14 69 90L 00¢ 8LS Tres |erog

6 4 ¥ 6L 141743 SIOYSIA

c6L £ €L Ve 69 yoL 9L (114 (Y44 soakojdwy
"qe] [eucneN auuodiy

8C L 6 4 S S 9 14 66L |elog

L 14" vzl SIONSIA

a L 6 14 S S 9 LE S saakojdwg
Aiojeioqeq sawy
wai-uosidd OL< 0L-6 68 8L £9 96 SF $€ €T L 001 <0 0s°0 sT°0 oLo SeapN Jolenuo)

jeion -6’0 -0S0 -SZ0 -OL0 -'Seapy >

NOILVZINYDYO a1iid ODVIIHD
JOI1IDVAULNOD A STUNSOdXI AAOd ITOHM TVNNNY 4O NOILLNgI1sIa
ca11avil

(wa1) saduey Juajeainby 3soq

0861

B.4



vL6 S 9 86 68 69L LE€ 898 LSt 9/z€L ODVIIHD 1v10lL
413 L SL 069 LL6 [elo)
SIOMSIA
8¢ L SL 069 LL6 saa40|dwy
AusiaAlun uolaouny
74 S 14 4} lL €SL Sz6L |elog
SIOMSIA
5¢ S 14 4% /L €S SZ6L seako|dwgy
‘Isu) spasnyoessepy
Wwal-uosiad  OL< 0L-6 68 82 £9 9§ Sb v€ €7 -1 00L S0 0S50  STO oL0 Seap Jopenuo)
|1eog "SZ0  -0S0  -ST0  -0L'0  -'seapy >

(wai) sa8uey juajeainby asoq

0861

NOILVZINVDHO a1ild ODVIIHD
JOLIVIINOD Ad STINSOdXI AAOT ITOHM TVNNNY 40 NOiLLNgia1sia

(penunuo)) z°g 11av1

B.5



6 L 8 [44 (174 6L NOILDNNI ANVYID 1V101
6 L 8 44 0z 6L [erol
Lz SIOMSIA
6 L 8 w (174 0L saakojdwy
‘8u3 pjai4 xipuag
wal-uosidd 0L OL-6 68 8L L9 9§ S+ vt €T TL 00'L S0 0s0 sT°0 oLo ‘SEIN Jjopenuo)
-'SBaN >

|elol 60 050 -sT0 -0L0

(waa) sa8uey juajeanby asoqg

086l

NOILVZINVDYO aiiid NOILDNN{ ANVYD

JOLOVUINOD Ad STANSOdXI AdO4 FTOHM TVYNNNY 10 NOLLNgii1sia

£'d4118v1L

2
m



9L

9L

144 4} or 88 174"

14 48 or 88 1 748

0ts

6ZS

18 |eog
TLEIT SIOMUSIA
00sL saakojdwy

>uj ‘oyep] ‘DpD3

3 je1o)
SIONSIA
€ saakojdwy

Auedwo) o133 1-)
9 [e101

SIONSIA
9 saakojdwy

|ed1ueyd3y weysuig
L v (1201

SIONSIA
L saakojdwy

I5U0D) s19831g
L L2078

SIONSIA
z saakojdwiy

‘ISU0D) uci18uly

wal-uosidd OL< OL6 68 8L L9 9SS S+ #€ €T T-L 001 SL0 0s°0 ST0

[e1og

840 050 -ST0 -o0L0

(wa4) saSuey juajeanby asoq

0861
NOILVZINVYDYO a1ild OHvAal

oLo
-'seapy

‘seapy Jopenuor)

" HOLDVUINOD Ag STUNSOdXI A0S IIOHM TVNANNY 10 NOLLNg1sIa

¥'d 118v1

B.7



12 8L L oL 9L 44 06 4] el
“SI0YSIA

2] 8L L oL 9L (44 06 ¥6 saakojduw
) U3SPNUY-UOSLLIOW

S 8z |eio]

SIOMNSIA

S 114 saakojdwy

‘0D u8isaq ysiya

L oL S |elo]
SI0}ISIA

L oL S saakojdwy
uodaog-sauof

114 £ L €L 14 69L 333 feiol
SIOMISIA

(Y4 £ L £l 6v 691 gee saakojdw3
snoaue|[22siyy oyepj

ore &y 88 9 1] 09 L4 LSL 7Le8 [eiol
SviL SIOMSIA

ove &y 88 9z 1] 09 14 £SL 299 saako|dwy
*07) Je3PNN uoxx3
wal-uosidd 0l 016 68 82 L9 9§ Sv ¥€ €T T 001 L7A) 050 Sz'0 oLo 'Sea lodenuo)

jeo =60 -0S0 -S¢0  -0L0 -'SEaN >

(waa) sa8uey Judjeainby asoq

0861

NOILVZINYDYO a1ild OHVaI

JYOIDVIINOD Ad STANSOdXI AQOd ITOHM TVNNNY 40 NOILNgId1sia
(panunuo)) v°g 318VL

B.8



8099¢

88s & €EL gy 90L  o08L £z¢ 186 OHval V101

z [eloy

SI0}ISIA

4 saadojdwy

mOuvam(. SI91BEM

L L 6 L [elop

SIOMUSIA

L L 6 L saakojdwy

"ISU0) puowQ

Wol-uosidd 0L 0L-6 68 8L L9 9§ Sb € €7 -1 001 SZ0 0SS0  Sz0 oL'o 'SBI 101U
[ei0) SL0 050 -ST0  -0L0  -'seany >

(w?ai) sauey juajeanby asoq

0861
NOILVZINYDYO d1iid OHvAal

JOLIOVIINOD Ag STINSOdXI AAOT IIOHM TVNNNY 40 NOLLNgiisIa

(panunuo)) p°g 31g9v1

B.9



] z 4 9, 8071 je1o]

L SIONISIA

S z 14 9, 166 saaojdwy

Ul ‘D3RI

L jelol

SIOMISIA

L soako|dw]

juawnuisuj aujlaqy

6 L 6 LEL G8GE jelol

6 L 6 9L 98¢ SI0NSIA

S 662 saakojdwy

foualy Jeapnp asuajaQ

L [e10)

SIOMSIA

L saako|dwy

leappnuoan Y1)

8 €9 |elo}

(174 SIONISIA

L 134 saafo|dwy

‘qe7 sa2IN0say 1y

wal-uosiad 0L OL6 68 8/ /9 96 S+ ¥€ €T T-L  00L S0 0s°0 S0 oLo ‘seapy Jopenuo)
-6Z0 -0S0 -S¢0  -OL0 -'SeaN >

er01

(w?aui) saSuey juajeainby asoq

0861
NOILVZINVDYO d1ild YVAVAIN

YOLDVULINOD A€ STINSO4XI AdOE ITOHM TVYNNNY 40 NOLLNGIILSIA

S'd119vl

B.10



48 L € 44 748 S/L8 L2}
S6¥E SIOUSIA
4 L € 44 9L 089y saakojdwg
|e211123(3 spjoukay
6 44°) 130T
S [4:74 SIONISIA
14 Ov€ saa/o|dw3
"2SI epEAIN
9 L8s |e10]
1/ X4 SIONSIA
9 LSE soado|dwy
‘dU] “JaAIBN % s3wWjoH
€ 4 L 174 0€9 leloy
€8¢ SIOMISIA
£ z L 114 e saakojdwy
U] ‘UOSsIdS X XU
4 LET (21}
0L SIOUSIA
F4 9L saa4ojdw3
*231044 [BJUWILOIIAU]
Wwal-uosidd 0L 016 68 82 9 9§ S¥ € €7 T-L 00L 174 ] 0s°0 sT0 oLo SEaN 1o1enuo)
je10] *§L0 050 -SZ0  -0L0 -'Seay >

(w?ai) sa8uey Juajeainby asoq

0861
NOILVZINYDYO a1iid YavAIN

JOLOVIUINOD Ad STUNSOdXI AAOG ITOHM TVNNNY 10 NOILNgidisia

(p3nunuo)) s°g 31g9v1

B.11



LE L 8 Sy 88¢ LL4SL VAVA3IN 1v101

L ¥ ¥0C o101

18 SIONSIA

8 ¥ €L saako|dwy

3111293 asnoyBuilsom

L L 062 [eloL

it SIOMSIA

L L 1114 saafojdw3

SIJIAIAS INYUIYIBAA

L L ozL jelol

L L (174 SIONSIA |

L 9 0oL saafo|dwy

Joudiuj jo wawnedaq "s'N

wal-uosiad 0Ol OL-6 68 8L L9 96 S¥ ¢ €T Tl 00'L S0 0s°0 L YAl] 0L0 'SEaN lopenuo)
je1ol -8’0 -0S0 -ST0 -OL0 -'seapy >

(w31) sa8uey juajeainbz asoq

0861
NOILVZINVYDYO d1ild VAVAIN
JOLDVUINOD A STUNSOdXI AdO9 ITOHM TVNNNY 10 NOILNgIid1sia
¢'d 319vl

B.12



8 S 6L 4’} S6 jeio}

6 6S SIONSIA

L S 6L (24 9¢ saadojdwy
“11D) Je3dNN 021y ouang

oL r4 44 LLL 60V |elo}

SIONSIA

oL 4 44 LLL 60 saadojdwjy
"Alun) "d0ssy a8pry yeo

€0L 8 8L 44 0 8LL 887 8LL jexo}

SI0MSIA

T oo 8 8L w 0/ 8LL 887 8LL s994ojdw3
‘0D peat jeuoneN

L0L L 4 6L U (1,74 897 98¢ _ jeio)

SIOMISIA

LoL L 14 6L Y74 (14 89¢ 98¢ s9340|dusg
*d10D d1woly seakpoon

L €L (Y4R |elog

4 SL SJONSIA

L L vLL s?a/4ojdwy
‘qe] youeasay [ewiuy ‘dwor)
WJ-uosiad OL< OL6 68 8. (9 9§ S+ p€ €7 L 00'L S0 0s0 LT4l] oLo 'seapy Jopenuo)

|e10] VA -0s0 -ST0 -0L0 -'seapy >

(wa1) sauey juajeainby asoqg

0861

NOILVZINVDYO d13id 319AId VO
JOLIVIUINOD A8 STUNSOdXI AdOT ITOHM TVNNNY 10 Noi1Nngiaisia

9'd 3149vV1

B.13



S0Z L oL Sg 114 LS 2] 60L 60% SST |elog

€L € S 6 8 Sy SST SIOUSIA

t6L L oL st 44 9 vL Lot ¥9E saakojdwy
INYO/°d10) 3apiqie) uotun

4 4 [4 € 9 9t 9L | (48 ¥4 |elol

SIONSIA

[4 4 4 £ 9 9€ 9L 1748 14 saakojdwy
ZL-A/"d10D apiqie) uolun

74 14 89 LOE ¥ad lelog

SIONSIA

-4 4 89 LOE ¥id saako|dw3
daD¥0/ d10) apique) uoiun

45 € 6 £60L |elog

. SIONSIA

4s € 6 €601 saakojdwy
‘0D 8ueaui8ug isny

8 L4 74 143 9L |eloL

SIONSIA

8 14 74 143 9L saakojdwy
Auedwo) |WY
wal-uosdd 0oL OL-6 68 8L L9 9§ S+ ¥v€ €T - 00'L S0 0s0 S0 oLo 'seapy lopenuo)

|0l =60 -0S°0 uTAY -0L'0 -'Sean >

{w?3a) saSuey juajeainbz asoqg

0861
NOILLVZINVDYO d1i4 31Ddi VO

JOLOVIINOD Ad STINSOIXI A0 ITOHM TYNNNY 10 NOILNgId1SIa

(p3nunuo)) 9°'g 319vV1

B.14



S09 L oL s 4] soL £0€ 1974 9867 84SL 3DAI¥d AVO 1vi0lL
kL 4 4 L €L € |e1o)
SI0)ISIA
14" 4 4 V4 €L € saakojdwy
*dU| ‘S2INIONIIS USAOM
74 9 9s 6T oL (120
SIONSIA
&Z 9 9 {34 oL sea4ojdwsy
yeonped/ dio)) apique) uoiun
wal-uosiad OL< OL-6 68 8L 9 9 S¥ € €T - 00'L SL0 0s0 sT°0 oLo ‘seapy i0penuo)
jelo) “§£0 -0S0 -ST0 -0L0 -'seay >

(wai) sa8uey juajeainby asoq

0861

NOILVZINVDYO d1iid 39an Xvo
YOLOVUINOD A8 STUNSOdXI AAOE FITOHM TVNNNY 40 NOLLNSGINISIa

(panunuo)) 9°g 319Vv1

B.15



€8l 4 L 80L 8¥C 6L V44 HOYNESLLId TV1OL
L L 141 L |[e10L
SI0}ISIA
L L L LL saakojdwy
‘eddy jue|d asnoy3unsom
€L 9 0s 60L az9 9L |eloL
L [44 24 SIOMNSIA
U 9 0s 60L £09 6LL saakojdwy
JYN/211103)3 asnoySunsom
29 4 8 44 SS 6¢8 0T |elo]
[4 £ 69 SIONSIA
99 4 8 44 1 208 10z saakojdwg
1dv8/214109(3 asnoy3unsap
134 € 9¢ £8 L9z €L |elo]
4 L €L SIONISIA
6t € 9¢ €8 o6L saadojdwy
‘0D 14817 ausanbn(g
wol-uosidd OL< OL6 68 8<Z L9 9§ SV bt €T (L 00'L S0 0S°0 sT0 oL’o SEdWN lopenuo)
=60 -0S0 -ST0  -0L0 -'Sea >

30}

(wau) sa8uey jJuajeainby asoq

0861

NOILVZINYDYO a1ild 3010V3id TVAVN HDuNEAS11id
YOLDVUINOD Af STUNSOdXI AAOT ITOHM TVNNNY 40 NOLLNgId1sIia

4318Vl

B.16



14 L |ejoj
' SIONSIA
14 L saakojdw]

‘PUNOY Y}|ed| ‘UCIIAU] pIOjuEH

GeL LL 9L (44 0s 9elL S96 S8l |e10}]
€ L 19 0L SIONSIA
CEL LL 9L 144 0s SEL y06 82 saako|dw3

‘qeq ‘A3Qq 8uj piojuey

L SL 4 [L2e]
L SIONISIA
L 148 4 saa/ojdwy

U] puejydIy $Og

889 L S oL oL o€ L €/ 64T [e10}
14 4 4 € LE 8 SIOMISIA
¥8 L S oL 8 174 (24 9€/ S6L saakojdwg

A101e10qET 159MYLION D1j1DRY

8 4 1378 0/ |eloj
L SIOMISIA
8 v €51 £9 saakojdwg

salsnpuj uojjewoiny

Wwai-uosiad OL< OL6 68 8/ L9 9§ Sb vE €T Tl 00°L S0 0s°0 YAl oLo ‘Seay lopenuo)
(1207 § -0 -05°0 A -0L'0 -'SeaN >

(w?31) saduey jJuajeanbg asoq

0861
NOILVZINVDYO d13ld GNVTIHDIY
YOLIOVUINOD Ad STANSOIXI AAOE ITOHM TVNNNY 10 NOILNGIN1SIa
g'd31a9vl

B.17



65T T O£ 9s¢ €L €0€ SL6 e 9/8v 6€ZL AGNVIHDOIN V1IOL
£69 T ObL 6EL LY (% L6 L0L 0Lz €5 jeiog
[4 L I'4 1z LE SIONISIA
L69 T OrL 6EL Lp Sy 06 SoL 68L 9L saadojdwy
*Ju| ‘puj Je3PPNN panun

zss L L6 144 9L 174 £5€ 9LLZ £66 [e101
1 74 L4 (3244 €LL SJOMSIA
625 L 16 U T4 9€7 6pE €291 4 saako|dwy
19dQ piojueH |jamyd0Yy

(W74 8 oz ¥ 00L 891 /9L ov9 ZstL |e10g
14 1 4 SI0)ISIA.

L 8 0z ¥ 00L 89L 91 9€9 g saakojdwy
‘0D "I5u0D) sauof 'y °f

wal-uosidd Ol< OL-6 68 8. £9 96 S¥ v€ €T L 00L SZ0 0SO  SZO 0L’0 ‘seapy 101DB1UOD)

Q1o =60 -0S0 -SZ0 -0L'0  -Seaw >

(wai) saBuey judjeainby asoq

0861
NOILVZINVDYO a13id GNVIHDI
YOLDVIINOD Ag STINSOdXI A0S ITOHM TVNNNY 10 NOILLNgI41sIa
(panunuo)) g°g 318V1

B.18



z L 4 9L L0L |el0g
SIOMSIA
z L z 9L L0L saafodwy
yH3I1/RIUI0)ED JO ANisiaaun
U 3 3 oL 1£4 18 so8 0zL1T [eroy
9 8 /8 LLLbL SIONSIA
W4 £ € oL 144 €L 8LL 6092 saa/ojdwy
T11/R1UION[RD JO AusidAtUN
L6 L b LL 8g 8shL TLvE |exoy
SIOMSIA
L6 L 4 LL 8s 8s¥L TLve so94ojdwy
1g1/euiope) jo Ausiaaun
b 3 6 9 0SL [elog
SIOMSIA
v £ 6 74 0sL saakojduwg
11D '|922Yy Jeaul] piojuelg
95 € 6 S £ oL 6€ LS€ 06 je10g
b L L oLy SI0MISIA
Zs € 6 S € oL 1% 8c (1749 saakojdw]
dnoun swaishg £81aug
|euoneusslU| [[BMYD0Y
Wwai-uosidd OL< OL-6 68 8L £9 9§ S+ ¥€ €T T-L 00L SZ0 0SSO  Szo 0Lo "seapy lopenuo)
[e10 “SL0 0S50  -ST0  -0L0  -'seapy >

(wa1) soBuey juajeainby asoq

0861
NOILVZINVDYO a1iid ODSIDNVY4 NVS
JOLIVILINOD Ag STUNSOdXI AAOE ITOHM TVNNNY 40 NOILNGI41SIda
6'd 119v1

B.19



), 24 € €L L 6L 19 00C r4V44 ¥194T ODSIDNVYY4 NVYS 1V101
L L L 8 S8 9201 (2071
S S L €66 SIOYSIA
z L L 'y 8 €8 saakojdw3
SLIN/EIUIO|RD) JO AlISIdAIUN
14 g0y
SI0}ISIA
Y4 saakojdwy
DW/eIUIojR) JO Ausiaaiun
S L 4 L L € S bLL |e1og
SIOMSIA
S L z L L € S pLL saafojdwy
WN'1/B1uI0i[eD JO AUsianun
was-uosidd 0l O0L6 68 82 £9 9§ S+ v¢e €T Tl 00'L S0 0s°0 sT0 oL0 ‘SEa J0)de4u0)
74} -09°0 -sT0 -0L’0 -'Seay >

jeloL

(wai) sa8uey Juajeanby asoq

0861
NOILLVZINVOYO a1iid OJSIDONVYd NVS

JOLDVILNOD A STANSOdXI AAO4 ITOHM TVNNNY 10 NOoLLNgiiisia

(penunuo)) 6'g 114VL

B.20



L8EL €S G6L gsL €LE oLL SL6 oroy 6ZLS AIAI HYNNVAYVS V101
] LL [e10g
SIONSIA
8 LL saakojdw3
) 3DIAIBG 153104 S N
1 4 of |elog
SIONSIA
14 ov saakojdwy
‘|21 1199 uiayinog
L L 148 8s |elog
. SIONSIA
L L ! 8s saakojdwy
qe7 ‘023 J19A1Y Yeuueaeg
62T L 4" 6L 9% 0sL 987 86 188 121}
SIONSIA
(744 L 6L o 0/L 98z 86 188 seako[dwy
ISU0)-dYS/Auod nq | 3
4SLL S €81 6tL 49T (14 879 0€0t 6ELY |elog
yAR 149 cl6l SIONSIA
oriLL s €8l 6€L 29T (14 879 ¥89¢C 91T saakojdw3
'sudQ-dys/1uod nqg °| 3
Wal-uosidd 0L 016 68 8L /9 96 S+ € €2 L 00'L S0 0s°0 ST0 oLo 'seday J010e5U0D)
(L21e3 § -6L40 -0S°0 TAL] -0L0 -'seapy >

(wda) sa8uey Juajeainby asoqg

0861
NOLLVZINVYDYO a1iid ¥3AIM HYNNVAYS
YOLIVIINOD Ad STINSOJXI AAOT ITOHM TVNNNY 10 NOLLNGINISIa
oL'g 118vL

B.21



8L €l ¥S | 7448 141 AQV1DIN3IHOS 1VIOL
L L LL 67 [e10l
SIONSIA
L L L 67 saakojdwg
OVI/21109(3 [e13uaD)
L €l 139 €921 S06 |eyop
v S8 99 SIONSIA
14 €L €9 8/LL 6€L saako|dwg
"0 D14133[3 [B13UBN)
wai-uosidd Ol 0L6 68 8L L9 96 Sb PE€ €T Tl 00°'L S0 0s°0 sT°0 oL'o ‘Seaw Jopenuo)
120878 -¢/’'0 -0S0 -sT0 -0L0 -'Seapy >

(wda) so8uey Juajeanby asoq

0861

NOILVZINVDYO a1iid SYOL1OVIY TVAVN AAV1IDINIHOS

JOLOVUINOD Af STANSOdXI AAOE ITOHM TVNNNY 40 NOILNgIdiSIa

g 11avi

B.22



APPENDIX C

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES FOR
DOE GOVERNMENT EMPLOYEES AND VISITORS
BY DOE FIELD ORGANIZATION, 1980
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