NRC INSPECTION MANUAL | OLB

I NSPECTI ON PROCEDURE 79702

CONTROL AND MONI TORI NG OF RADI OLOG CAL SOURCE TERM

PROGRAM APPLI CABI LI TY: 2515

79702-01 | NSPECTI ON OBJECTI VES

01.01 To determne whether the |licensee 1is adequately
controlling the quality of plant primary and secondary systens and
process water to mnimze out-of-core radiation buil dup.

01.02 To evaluate ALARA planning and controls, and provide
addi ti onal guidance on evaluating |icensee source term contro
prograns.

79702-02 | NSPECTI ON REQUI REMENTS

This procedure is inplenented to independently assess |icensee
concl usi ons regardi ng extent of condition of i ssues, when sel ected
as a part of suppl enental inspections using | P 95002, "Suppl enent al
| nspecti on For One Degraded Cornerstone or Any Three White | nputs
in a Strategic Performance Area.”

02.01 | npl enentation of the Source Term Control Program

a. Section 02.03 of the baseline inspection procedure for ALARA
Pl anni ng and Control s, contai ns general gui dance for assessi ng
the status of the licensee’'s overall source term

b. Determne if the |icensee has devel oped an under st andi ng of
the plant source-term and whether there is a source-term
control strategy. This strategy shoul d consi der:

1. The reduction of cobalt containing conponents.

2. An operating and shutdown chem stry control plan to
m nimze cobalt transport and crud bursts. This includes
such activities as zinc injection (BWRs) or early
boration (PWRSs).

3. Industry technol ogi es such as Zinc I njecti on (BWRs), Nobl e
Metal Chem stry (BWR), Hydrogen Water Chem stry (BWRS),
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02. 02

79702

use  of chrom um coatings (PV\Rs) or Chemi cal
Decont am nati on ( PARs/ BWRs) .

4. Preconditioning or el ectropolishing of reactor conponent
surfaces to mnimze the deposition of corrosion
products.

5. Systemflushes to renove or reduce source term(e.g., hot
spots).

Interview selected individuals (e.g., Operations Mnager
Mai nt enance Supervisor) toverify that responsible staff are
aware of this strategy and that is supported by plant
managenent .

1. Determine if the licensee has established reasonable
criteriatoevaluate if the strategy is effective and is
being inplenented in a tinely manner.

2. Reviewseveral significant source termreduction actions
taken by the | i censee (such as chem cal decontam nati ons,
repl acenment of cobalt containing valves, etc) and
det er m ne:

(a) If the action was performed in accordance with the
overal | strategy; and

(b) Its effect (if any) on the radi ol ogical source term
Addi tional ly, exam ne those acti ons proposed, but subsequently
not approved by I|icensee nmanagenent. Determne if these
deci sions were made within the strategy guidelines.

| npl enentation of the Water Chenistry Control Program

Det er m ne whet her the wat er chem stry control programis bei ng
inplemented in accordance wth existing policies and
procedures. This review may include the foll ow ng:

1. Reviews and discussions of the trends of recorded water
qual ity data and revi ews of these data by plant chem stry
per sonnel .

2. Reviews of investigative (diagnostic) and corrective
actions taken when chem cal vari abl es have exceeded the
established levels or limts, including consideration of
the tinmeliness of these actions.

3. Review and discussion of the effectiveness of neasures
taken to prevent the introduction of chem cal
contam nants into primary and secondary cool ant wat er and
to detect the presence of these contam nants.

4. Discussions with individuals at all levels (including
pl ant operating and maintenance personnel) who are
involved with water chem stry controls to determ ne
whet her they understand the need for, and inportance of
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t hese control s and whet her indivi dual s understand their
roles in maintaining water quality. Corporate and pl ant
managenent support and invol venent are essential for
success of the water chem stry control program

5. Revi ews and di scussi ons of plant col |l ective occupati onal
dose (person-rem as it relates to plant water chem stry
control.

b. Determneif the licensee has established effective neasures
to control the potential increase of radiation fields from
corrosiontransport (i.e., crud bursts) occurring during pl ant
shut down and startup

c. For BWRs utilizing Hydrogen Water Chemi stry (HWC) determ ne
i f the pl ant has eval uated t he opti mal hydrogeninjectionrate
and has devel oped a policy for mnimzing cycling.
79702-03 | NSPECTI ON GUI DANCE

Ceneral CGui dance

Thi s procedure i ncludes i nspection of both regul atory requirenents
and i ndustry good practices, but enphasis is on the good practices
that can result in large reductions in occupational radiation
exposure. EPRI and I ndustry research and infield
trial/denonstrations is ongoing, and NRR and the Regions wll
continue to nonitor and keep abreast of the |atest, pertinent
publ i cati ons.

Speci fi c Gui dance

03.01 | npl enentation of the Source Term Control Program

The primary source of radiation fields in BW and PAR nucl ear power
plants is Co-60. In PWRs, Co-58 can al so be a significant radi ation
source early inplant life. However, after 10 effective full power
years, Co-60 accounts for the majority of the radiation fields in
PWRs due to its longer half-life.

Co-60is fornmed as a result of neutron absorption by Co-59, the only

cobalt isotope present in naturally occurring cobalt. Co- 59
constitutes the major portion of many hardfacing materials (such as
Stellite) used in nuclear plants. Co-58 is forned by neutron

bonmbar dnment of nickel-58. Nickel is a major alloying constituent
in many reactor cool ant pressure boundary materials, such as PWR
st eam gener at or tubi ng.

Reduci ng the anount of cobalt available for irradiation is the
soundest and nost cost-effective nmeans of controlling radiation
fields. This is typically acconplished by:

a. Mnimzing the anobunt of cobalt in systemconponents, such as
system valves, that can potentially reach the core.
Typically, this 1is acconplished by identifying those
conmponents having the hi ghest cobalt contribution potenti al
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and prioritizing themfor replacenent. For exanple, industry
st udi es have shown that a significant reduction in BWR cobalt
i nventory can be achi eved by replacing the control rod pins
and rollers (typically containing highcobalt alloys) with | ow
cobalt repl acenents.

b. Mnimzing the anmount of cobalt escaping to plant piping
systens in the course of in-situ nmaintenance (e.g., valve
mai nt enance), whi ch sone i ndustry studi es concl uded accounts
for about 10-30 percent of the cobalt entering the reactor
system annual | y.

c. For BWRs, mnimzing the anmount of feedwater corrosion
products by inproving condensate polisher efficiencies,
installing condensate filters, inproving plant |ay-up
requi rements, and/ or elimnating corrosion product i nput into
t he condensate system

The industry has devel oped several alloys (such as EPRI’s
NOREM that are suitable replacenents for hardfacing all oys
such as Stellite.

d. Use of sub-mcronfiltration of the reactor cool ant systemat
power i s a proven, effectiveway to m nim ze corrosi on product
deposition on primary plant conponent and piping surfaces.

03.02 | npl enentation of the Water Chenistry Control Program

St andard LVWR Techni cal Specificationsincludelimts and associ ated
surveillance requirenments on certain chem cal variables in the
primary cool ant. The standard adm ni strative controls section al so
contains a requirenment that witten procedures be established as
recomended in Appendix A of Reqgulatory Guide 1.33, "Quality
Assur ance ProgramRequirenents (Operation)." Regulatory Guide 1. 33
i ncl udes "Chem cal and Radi ochem cal Control Procedures"” anong t he
typical safety-related activities that shoul d be covered by witten
procedures.

Conpliance with NRC requirenents will not ensure that water
chem stry is adequately controlled (froman ALARA perspective) to
reduce out-of-core radiation field buildup that may result in high
occupational radiation exposures. The nucl ear power industry,
through its BWR and PWR owners groups and the Electric Power
Research Institute (EPRI), has recogni zed t he need for i nproved LVWR
wat er chem stry control s and has devel oped consensus gui del i nes for
PWR and BWR primary and secondary water chem stry.

Control of PAR primary cool ant water chem stry i s essential if crud
formati on on the fuel and subsequent redeposition of radioactive
oxi des outside the core are to be mnimzed. The formation and
stability of colloidal corrosion products are strongly affected by
pH, and adsorption of cobalt on colloidal iron oxides is greatly
I ncreased at high pH. Cobalt solubility is greatest at |ow pH
val ues (hi gh boron, lowlithium and increases above t he m ni numat
very high pH val ues (low boron, high lithiunm.
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| ndustry experience has shown that for PWRs, the release of
radi oactive corrosion products during plant shutdown has been a
significant contributor to radiation field buildup. The negative
effects of these releases can be dimnished by controlling the
cool ant chem stry to maxi m ze t he deconposi ti on and sol ubilization
of corrosion products. The PWR Primary Shutdown and Startup
Chem stry CGuidelines were devel oped by EPRI to provide an opti nal
strategy to m nim ze t he radi ol ogi cal consequences, fromthe rel ease
of corrosion products.

Exanpl es of sone effective nmeasures to reduce post-shutdown dose
rates at PWRs are:

1. Early boration at shutdown to pronote corrosion product
solubility and aid in the rel ease of corrosion products.

2. Slowplant cooldown rates with specific tenperature hold
points to maintainsolubility of corrosion products, thus
aidingintheir renoval viafiltration and i on exchange.

3. Use of hydrogen peroxide to create an oxygenation crud
burst, l|iberating corrosion products early on it the
shut down cl ean up process.

4. Use maxi mumprimary cl ean-up purificationflowto enhance
corrosion product renoval

Radi ation buildup inthe BWR pri mary systemoccurs as the result of
bot h sol ubl e phase and particul ate phase transport and deposition
of activated species. Several industry initiatives have been
devel oped, such as HWC, depleted zinc injection, noble neta
chem stry, and control of feedwater iron, to reduce the transport
of radioactive corrosion products. Cuidelines for each of these
topi cs can be found in the BWR Wat er Chem stry CGui del i nes and ot her
rel ated EPRI docunents.

Frequently identifiedproblens that resultedin poor water chem stry
in operating BWRs include:

a. |Inproper operation of the condensate treatnent system

b. I nproper operation of the reactor water cleanup system

c. Leakage of condenser cooling water or air.

d. I nadequate design or naintenance of equi pnent.

e. Insufficient training or experience of plant personnel.
| on-exchange resi n ingress and condenser tube | eaks have been f ound
to be the principal recurring causes of of f-standard wat er chem stry
in BARs. Ingress of resins into the reactor cool ant system has
caused nore severe water chem stry transi ents t han any ot her source.
Transients resulting from ingress of resins or other organic

materials been attributed, erroneously, to ingress of air (see
menor andumfromJ. Wggi nton to Regi onal Branch Chi efs, 04-15-83).
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79702-04 RESOURCE ESTI MATE

It is estimated that 25-30 on-site inspector hours will be needed
to conplete this instruction. Milti-unit sites require the sane
anount of time.

79702 REFERENCES

EPRI TR-107991, "Radi ati on-Field Control Manual - 1997 Revi sion

EPRI TR- 105714, "PWR Primary Water Chem stry Cui del i nes, Revision
3" 1995

EPRI RS-103515-R1, "BWR WAt er Chem stry CGui del i nes- 1996 Revi sion, "
1996

NCRP report no. 120, "Dose Control at Nucl ear Power Pl ants," (issued
Decenber 30, 1994).

END

79702 - 6 - | ssue Date: 04/17/00



