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-

P. O. Box 968 3000 GEO, WASHINGTON WAY RICHLAND, WASHINGTON 99352 PHONE (808) 373.3000

April 17, 1979
G02-79-70

Docket No. 50-397

Director, Office of Nuclear Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Mr. S. A. Varga
Subject: WPPSS NUCLEAR PROJECT NO. 2

SUBMITTAL OF LEGIBLE COPIES
OF NRC QUESTIONS 312.16 AND 331.20

-

Reference: Letter, D.L. Renberger to S.A. Varga, "Responses to Round

One Questions - MTEB, CPB, AAB, ETSB, RAB, GSB, HMB," 3/21/79,
G02-79-45.

Dear Mr. Varga:

It has been noted that two of the responses contained in the referenced
letter were not reproduced in a clearly legible form. Attached please

find 60 more readable copies of the responses to NRC questions 312.16 (22.048) -
and 331.20.

Very truly yours,-

S bolergen

D. L. RENBERGER
Assistant Director

Technology .
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, Subject: WPPSS NUCLEAR PROJECT NO. 2
SUBMITTAL OF LEGIBLE COPIES
. OF NRC QUESTIONS 312.16 AND
331.20 3

STATE OF WASHINGTON; x
SSs
COUNTY OF BENTON )

D. L. RENBERGER, Being first duly sworn, deposes and says: That he is
the Assistant Director, Technology, for the WASHINGTON PUBLIC POWER
SUPPLY SYSTEM, the applicant herein; that he is authorized to submit
the foregoing and knows the contents thereof; and believes the same to
be true to the best of his knowledge.

DATED 673*“ K , 1979

Dd lemdergs

. D. L. RENBERGER’

.On this day personally appeared before me D. L. RENBERGER to me known to
be the individual who executed the foregoing instrument and acknowledged

that he signed the same as his free act and deed for the uses and purposes
therein menthioned.

GIVEN under my hand and seal this /Z4day of ig%ﬁﬂﬂgﬂg , 1979.

G, Ul s

Notary Public in afd for the

State of Washington
Residing at W
J/ ‘

~
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Q_312.16

Provide an estimate, including your basis, of the total amount of
hydrogen and methane gases that.can be generated by the radiolytic and
chemical decomposition of organic materials and protective coatings
under the conditions which would exist following a design base

accident (i.e., a postulated loss-of-coolant accident). Your estimate
should be limited to those materials and coatings that would be directly
exposed to the containment atmosphere.

Response:

The estimate of the total amount of hydrogen and methane gas that can

be generated by the radiolytic and chemical decomposition of organic
materials .and protective coatings under the conditicns of a postulated
loss-of-coolant accident is discussed in the answers to Question 022.048.
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A 022.048

You state in Section 6.2.5.3.1.3 of the FSAR that the corrosion

of aluminum, zinc, and zinc base paints located either in the drywell

.o : or in the suppression chamber were determined to be insignificant.

1 . Kowever, we have determined that a potential hydrogen release from
E the corrosion of zinc following a postulated loss-of-coolant accidest
should be considered in the analysis of the toial hydrogen production

iand accumulation within the containment. Accordingly, provide the

J following information:

..1d. Provide the corrosion rate as a function of temperature for
’ all materials in the containment that could become a source of
hydrogen due to corrosion.

1b. Describe how the corrosion rates assumed for the materials
jdentified in Item (a) were established: Identify the experimental
data base, including the appropriate references, and discuss

the conservatiSMmin the applicability of the data in view .of the
calculated environmental cond1t1ons following a postulatad loss

of coolant accident.

e il

c. Provide the mass and surface area of zinc paint and galvanized
steel and other corrodible materials in both the drjwe11 and
the wetwell. .

‘1d. Provide a graphic representation of the total hydrogen concen-

°3 tration inside the containment as & function of time with

(1) no hydrogen recombiners overating; (2) one recombiner
operating; and (3) both recomb1ners operating.
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{e. Provide a graphic representation of the contribution of each
. source of hydrogen as a function or time.
|

f. Describe the periodic surveillance that will be done to demon-
strate the onerab111uy of the hydrogen recombiners and the
backup purge system.

‘ ' 1s. Ident1'/ the location of (1) the hydrogen sampie points in the

‘ N drywell and the suppress1on chamber; and (2) the suction and

. discharge points of the combustible gas control system with
respect to nearb/ structures and equ1nment
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A review of tests conducted fo date on ,Kiuﬂ*num,,zfnc
‘or Zinc coatings, indicates that several factors which
would tend to mitigate the evelu tion of nydrogen
"following a posuulabed loss-of-coolant accident have
not been reported or have not been investigated. A
"brief explanation, therefore, is reguired to sub-
‘stantiate the rationale for the conclusxons d*awn in

th*s response. T
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Quesclon 022.048 asks a questlon with
respect to the corrosion of aluminum and the sub-
sequent evolution of hydrogen. The water chemistry
of WN?~2 is such that the water is free
from adéitives and is neutral, i.e., a pH of 6.5-7.8.
t With reference to Aluminum, Uhlig L states: -

y . "Aluminum base allovs are not appreciably affected-
by distillgd watex even at elevated temperatures
(up to 180°C (350°F) at least). Furthermore, dis-
tilled water is not ccontaminated by contact with

y most aluminum base-alloys."”

Uhlig 2 states: - "Condensate £rom steam boilers,
i1f free from car rvoverxfc: wakter from the boiler,
is szm;larly inert to aluminum base alloys. Thus,
either wrougnt or cast aluminum allovs are used
successiully for steam radiators as unic heaters.
tWihere aluminum allovs are used it is desirable to
install suitapble traps in the steam lines, since

. entrapped boiler water, especially if alkaline
waterx treat*ng comoounas are employed, may be .
corrxosive.'

Uhlig 3 states: - "Steam cauges a definite pro-
tective white film to form =5 aitminum alloys.

This bllmoxs h-gnéy prot%c ive ag temperatures

up to 180~ to 3507C (350" to 500 . t temperatures
~above this range, under some conc_.ions at least,

the steam reacts with aluminum with the formation
of aluminum oxide and hydrogen." )
Experimental data from the aforementioned references
indicate that aluminum and aluminum alloys are non-
reactive with pure watey and/or steam at temperatures
up to and includéing 500°F. Aluminum rapidly forms

a protective oxide film, in oxygen containing atmos-
pheres, which is insoluble 1n neutral water or steam.
Since the containment
ewasisn. is noninerted, there ls-..free access to

oxygenyand has been throughout &se construction.shssss—
o The oﬁyqen nas reacted with the aluminum to £ i

v —a——— - 43
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form the
protective tight ache*ent water insoluble and non-
reacting £ilm, which elimind™s the <ase of hydrogen
evo‘u ion at the temperature and/or environment opresent

'during or Fo‘lowmng a postulated loss-of-coolant
;accidented R
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,Quesulon 622 048 also adc*esses tne

‘corrosion’ of zinc and zinc base paints andé the
evolution of hydrogen following a loss-of-coolant
accident.
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Hubbell and Finkeldy 4 stated: "Like several other
metals which exhibit marked resistance to corrosion
in the atmosphere bright zinc rapidly tarnishes

when first exposaed, forming a smooth tightly acdherent
protective film. The film is apparently a combina-
tion of zinc oxide, zinc carbonate and zinc hydroxice.
It is not readily soluble in ordinary atmospheric
waters nor easily destroyed by other atmospheric
agencies.

The £ilm var’es in thickness cepenclng upon the
exposure conditions, probably reaching a maximum
thickness of .0003 in. If removed or worn thin by
abrasion, it is renewed in a few days to its original
thickness."” ~

McKay and Worthingkton 3 state in their chapter on
Defining Mon~Corrosive Neutral Range of Agueous
Solutions: "Zinc has useful resistance only in a
relatively narrow, neutral range of solution; this
resistance 'e*ng due in the simplest case to a
procechlve £iln of hvdhate, abetted in the case oi
1mpure solutions by other orecxp*ta;ec tor*osxon
procducts and comsouﬁds deposited from soluticn. |
The hydrate is soluble on both the ac d and alkaline -
sides of this neutral zone.

Work by Roetheli, Cox and thteral has vers
tively drawn the limits of the neutral, hy
forming zone in tests in dlsulllec wate* W
hydrochloric useé to throw the solution aci
sodium hydroxide alkaline. The solutions were kept

rather strongly agitated.” Figurejmrdepicts the -
results. 022.043~1

McKay and Worthington 6 explain that: "The hyd”ate

is seen to have been most protective between the
neutral point of pH7. and pHJZ S. The fact is
brought out -that the exact shape and location of

this curve is typical probably only of the partic-
ular set of conditions under which the tests were
macde. Facktors such as agitation, aeration, salts

in the solution, and temperature, in conjunction with
hydrogen-ion concentration, affect the characteristics
of f£ilm formation. The investigators conclude in a
universal sense the condition of low or negligible
corrosion probablv lies between pH values of & and

.8 as a minimum and 1l as a maximum.'

o
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Cox 7 in a paper titled "Effect of Temperature

on the Corrosion of Zinc", established the effect
of temperature on the behavior of zinc in distillec
water. The specimens were constantly in motion in
the solution, and the solution was aerated with

a stream of unwashed air bubbles. The duration of
the test was 15 days.

The resul:ts of their investigation are shown in

Figure 022..048- 2.

Examination of the zinc hydrate £ilm showed that
the strong increase in corrosion coincided with a
change in the nature of the film from an adherent
gelateneous state to a non-adherent granular state.
022.048— : '
TableVl gives the results of the change in the Iilm
tructure of zinc with respect to temperature.

TABLE £22.048-]
’ ‘ *

EFFECT OF TEMPERATURE OM THE CORROSION OF ZINC IM DISTILLED WATER

.
Riel b mman e o anman e &

149
167
203
212

Corrosion
o Ratg .. : .
Temp. C mng/dm‘/dav’ mil/vr BAppearance of Corrosion Film
20 3.9 .78 Gelatenous, very acherenc
50 13.7 | 2.74 Less geiatenous, acherent
55 76.2 15.2 Mostly granular, nonadherent
65 - 577.0. 115.4 Granular to £laky, nonacdherent
5 460 92.0 Granular £laky, ‘nonacdherent .
89S 58.7 ' 11.7 Compact dense, nonadherent
100 25.5 4,7 Very dense and acherent

! * Rolled high-grade zinc, immersed for 15 days in water aerated

i by air
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bubbles. Specimens rotated at 56 RPM.
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McKay and wOrthington,8 site work by Bengaugh and’
Hudson whnich savs: "Of the neutral solutions, dis-
tilled water is relatively high in its action on
zinc. An icdea of rates may be gained by the fol-
lowing data, £from 24 houx tests at room temperature
on cast 99.97% zinc."

Digtilled watex

Quite suspension 53; 76
Alr-agitated 167; 199
Agitated with 143
zgrbon,zioxide

Agitated with air 33

The authors state that a fair average range oi
rates in distilled water would be 30 to 200
mg/sg. dm. per day.
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" An estimate of the uoga1 amount o- hvcrogen ané
methane gases that can be genexated by the radiolvtic
and chemical decomposition of organic materials and
protective coatings under conditions which would exist

following a postulated loss-of-coolant accidentlis
considered bealow.

and % o -...,.-:...' : . L. A - e -« .

e ap b o s

» There is, toour .<nowlecge, no
publlsqed experimental data which states the amount
of hycérogen attributable to the effects of a LOCA

on specific coatings or organic materials. There

is also no published cdata which gives the amount of
methane produced from the decomposition of organic
materials in qz{nonégnerted environment at the
temperature and radiation levels resulting from 3
loss~of-coolant accident. All of the organic coating
materials used within the containment have been
subjected to the test requirements stipulated in

ANSI N-101.2 agd ANSI N-512 and 'to an accunulative
dose of 1 x 10~ rads, at the 0Oak Ridge National
Laboratory. Test results show the coatings were
intact with no defects.
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Mattson ° states: o

-

"Decomposition of O“ganlcs. A substantial amount

of organic materials is used in protective coaulng
systems, including those over zinc-based primer paints
inside PWR and BWR containmenus. When exposed to the
LOCA environment (high temperature, chemical, and .
radiation fields), these organic materials undergo 7

a process of decomposition to form hydrogen and

hvdrocarbons. The Accident Analysis Branch (DSE)

has estimated the resultant hydrogen and hydrocarbon
concentrations resulting from the radiolytic decom-

position of organics and the thermal and chemical

reaction of organic coatings on concrete surfaces.

Assuming a conse*vatlvely integrated radiation

exposure of 10° raés, the Accicent Ana1y515 8ranch

(AAB) estimates the hydrogen concentration due to

radiolvtic decomposition of organic coatings to be . ot
less than 0.4% for PWR's ané less than 0.2% for BWR's.

For hydrogen generation due to thermal and chemical

reaction of organic coatings on paintedé concrete

surfaces the AAB estimates the resultant hydrogen

concentration to be less than 0.3% for PWR's and

less thand.2% for BWR's. If we sum these hydrogen

contributions from organic materials which were here-

tofore not included in our analysis, 'the additional

hydrogen represents roughly a 10% increase in the

nydrogen gene*aged from all sources previously con-

sidered, i.e., Zirconium water react*oq,rad*olvs;s-

of water, and oxidation of zinc with its organic - ’

top cqé? during the post-LOCA period.

Since theré will be a large amount of watex, relative
to the amount of organic materials, it can be con-
ciuded that the hydrogen gas generated from radid-
lysis of water should doninate that from decomposition

: ob the organic materials,
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The corrosion rates as a function oi uemperatu*e for
all materials in the containment that could become a
source of" hyarocen due £o corrosion are:

3.
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lo,Zinc - appl*es to ga‘vanﬁze and zinc base paints

. o Corrosion Cgrrosxon
,Temp. °F ne/dm. /day /sc £t./day

) . 68 ’ 3.9 " .0013

St e e D ] 122 : 13.7 .0045 .
.o . e R 131 76.2 .0250
149 577 .1892

167 : 460 .1508 ‘

' 203 58.7 .01s2
212 23.5 .0077

- 2. 1Aluminum - applies to Xeflective Znsulation )
. - . around the RPV ané Ziping
- Y 0. s .
Temp. 70 F to 340 F - Monreactive, will
not procduce hvérogen at temperature
indicated.

3. %0rganic Materials - Consists of all organic coating
imaterials on steel and concrete in drywell and

wetwell. Mo specific reaction rates have been
published wherein the function of temperature on the
. corrosion rates of organic materials has been |
addressed. Most data addressed the loss in or :
) dekerioration of pnvsical ovope*t*es such as strength,
.. durometer and the like. All of the materials usad
for coating of concrete or steel have been subjected
to the required tests st puIated in ANSI N-10l2 and
ANSI N-512 in accordance with Bechtel Corporation's
specifications CP-951 and CP-956, by the Analytical
Chen*strv Division of Oak Ridge Vatlowa1 Laborzatory.
The test reports indicate that there were no deiacts
! . in the coat;ng materials, i.e., there were no signs
of chaulking, £flaking, cracking, delamination or
blistering beyond the reguirements of the acceptance
criteria of the ANSI Standards. Reference 9 states
that "The Accident Analysis Branch (DSE) has
estimated the resultant hyvdrogen and hydrocarbon
concentration resulting from radiolytic decomposi-
tion of organics and the thermal and chemical
reaction of organic coatings on concrete surifaces.
Assuming a congervatively integrated radiation
. exposure of 10 rads, the Accident Analysis Branch
‘ (AAB) estimates the hvdrogeﬁ concentration due to
radiolytic decomposition of organic coatings to be
less than 0.4% for PWR's and less than 0.2% for
BWR's. For hydrogen generation due to thermal and
) chemical reaction of organic coatings on painted

; concrete surfaces the AAB estimates the resultant
hydrogen concentration to be less than 0.3% Zox
PliR's and 1ess uhanO 2% for BWR's."
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‘For the SDeC’IlC BWR Ln questlon, we a*e speaklng

,of a poss&bleo 4% total hydrogen and hydrocarbon :

concentration. ¢ o

9 and radto\\{mc Aecompos»\.-xon o wFker are
4, Metal water reactionsYaddressed in Sre—T5AR
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b.The corrosion rates for the ﬂate ials identified in
litem (a) of the question were established as follows:

- =

lLZinc - Since no definitive data with respect to the
corrosion rate of zinc in a BWR environment, containing
neutral water without additives, nas been reported in
the test 'conducted by Oak Ridge Mational Laboratory,
Franklin Institute Research Laboratories or Brookhaven
National Laboratory, it was necessary to refer to the
invest gatzons concducted by other, qgiogﬁlzed corrosion
experts ag %qgt*“utlons. "w;,'t.n'e\--7 ‘.ana_uhe accom-
panving Tabier= explains the investigations con-
ducted to determine the corrosion rate of zinc (rolied

- high gracde) immersed for ‘15 davs 1n distilled water

aerated by air bubbles while rotat ng the specimens

. at 56 RPM. The table which appears in the referenced

‘publications shows the actual corrosion in milligrams
per sguare decimeter per’'day and mils per year at

!  the various temperatures. The data which was usad as

. a basis for calculating the evolution of hydrogen is

actual measured data.

[ep——

4

The premise that all of the metal which corrodes will
react to produce a stoichiometric quantity of hydrogen
is ultra conservative, since there are other competing
reactions which 'will produce zinc carbonate and Zinc
oxide. In our evaluation we determined the highest
corrosion rate of zinc gccur: red at 149°F and resultgg
in a rate of 577 ng/am /day or .189 oz/sg.ft./cday ~.
In our analysis we used this maximum amount as the
corrosion rate, at temperature, in the containmenu.,
It can be determined from the published data that s
- S conservative by a facbo& of more than 27

if we consider that at 212 F the corrcsion rate is
2305 mg/dm./day or .Q077 oz/sq.ft./day and that at
68°F it is 3.9 mg/dms/day or .0013 oz/sqg.it./day.
: The data of Figure~2 and Table-1 show that at the tem-
T perature of 149 F/the maximum ‘rate occurs and that
the rate £falls {sharply with (Temperature increase so that

at a tgmperature of 340 F it) would be below that shown
at 2127°F.
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2., Aluminum - Our search of the literature (1), (2))

' (3) clearly indicates that aluminum will not
.corrode or produce hydrogen since the pH of the
‘'water is in the neutral range and the temperature

e

‘0Qrganic Coatings and Materials -

is below that regquired to produce hydrogen.

T he

?,

e - -t

gliterature?in an effort to determine if there was

jany firm data which showed that the organic coatings
and materials used would produce hydrogen as a
result of a postulated loss-oi-coolant accident. o

(BN
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nas been postulated that organics

"ldo form hydrocarbons as a result of radiation, but
this theory is based on the fact that there is a

loss of physical properties as radiation exposure
increases. We have stated 4
organic top coats ané coatings used within contain-

that the

.ment were subjected to the test requirements of
1ANSI N-101.2 and ANSI N-512 to an accumulative dose
,0f 1 x 10° rads, with a resulting no defects.

Analysis

Mattson 9 states that "The Accidenthranch (DSE) .
has estimated the resulktant nyérogen and hydrocarbon
concentration resulting from the radiolytic decom-
position of organics and the thermal and chemical
reactions of organic coatings on concrete suriaces.
Assuming. a. cgnservatively integrated radiation ex-

= o Y . =
posure of 10~ rads), 5 to be less than 0.2% for BWR's.
rle further states. tnat &===2 =

== chermal

;and chemical reactions are estimated to produce

-tless than 0.2% of hydrogen for BWR's.
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The mass and surface area of zinc paint, galvanizeé:
steel, aluminum and organic coatings is as follows:

———eny

Zinc Paint .

-

280,853 sg. ft. - 18,367.8 lbs. of zinc in drywell

”and wetwell above the water level

Galvanize

67,483 sqg. ft. - 3018.3 lbs. of galvanize in
drywell and wetwell above the water level

Aluminum i

460,700 sg. ft. ~ 32,374 1lbs. around reactor

{ Pressure vessel and piping
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4, Organic Topcoats

ion steel 400,000 sq. £t. - approx. 187,500 Lbs.
\ ' .
{On concrete 33,000 sq. £t. - approx. 24,750 lbs.
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A-The graphic representation of the total hycdrogen
concentration-inside containment as a function of
time is shown in Figure %

€.iThe grapnic representation of the contribution of each

source of nyqrogenvvqta function- of time is shown in
Figures 3 ond 4.
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The periodic surveillance that will be done to deron-
istrate the 'operability of the hvdrogen recombiner and

lthe backup purge syvstem is in SErapkes—o
ef—ihoT55 6.2.1./.8 and y

S-The location of the nhydrogen sample points in the

drywell and the suppression chamber and the suctionand
discharge points of the combustible gas control -
system with respect to nearby structures and equipment
1has been answered an—&Re—=5=2 in response to

e - {Question&22A5EE
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Under Simulated Loss-0f~-Coolant aAccident Conditions -
Franklin Institute Research Laboratories 8/76

//




>

N

I

az

€4

PISTELNTY

"



220

200

180

2 8 o s 8

CORROSION RATE Mey

(¢
O

40

20

‘o zq!c AND ZINC COAM\NGS

e e s o g - &=
z | 2
bl >
) o 3
— . Eg . - gg 77 R
> ~ V.
4 b Q a)
@ = p s
[Ra—— . (‘{3 v frmm s onsoies gt s o same - L - .I .:J_ . 3
| e 4 | =
N S a - W~
J < l Z A
= | R N S B -
/0] < )7e
‘a v <
s ] -~
J < L
e < i~ | — g -—
! -~ Z
I 5 o)
J @
. i, _B _||..o
—_—— Nc‘.OHi
. e
Al \
e o e N o PRI, SR
0 (A 4 = 8 10 12 14 (6
o H

WASHINGTON PUBLIC POWER SuppLY systeM| SEFFECT OF pH ON CORROSION

NUCLEAR PROJECT NO. 2

RATE OF PURE ZINC IN
OAYGQGENATED SOLUT\ON$

FIGURE
0220043"
!







600 .

500 lfﬂ\
400
a0
J
,".”_ )
< & 300
o -
z
Zz G
o g
o 200
O 5
x o
X o
8 2 100 \
50 100 1SO 200 250

TEMPERATURE -F

WASHINGTON PUBLIC PoweR suppLy SYSTEM| ZINC vgs DISTILLED WATER | Ficure

022, 848~

NUCLEAR PROJECT NO. 2 EFFECT OF TEMPERATURE 2







2 'ON 12300%d ¥¥3ITONN
H3LSAS AddNS ¥3M0E 2118Nd NOLONIHSYM

( ONINIGNOI 3P N39OI GAH
ANOHLIM) 3WIL 30 NOILLONNL ¥ SV

SCF OF HYDROGEN

3 | NOLNQ0Eg NIDOACAH CRAVEDHILINI

LS80 TZ0
3¥N913

{0)

10

10

M-W SOURCE
DRYWELL—\

RADIOLYSIS SOURCE
SUPPRESSION

_CHAMBER—7

<RADIOLYSIS SOURCE
DRYWELL

P «e -
»

<
P i SR
o

T m—

&

NOTE ©
THE CONTRIBUTION OF THE
RADIOLYTIC AND THERMAL
DECOMPOSITION OF ORGANIC
TOP COATS IS INCLUDED IN
THESE CURVES, .

10® 10* |0
TIME (SEC)

10°




< . .
. >
v
’
!
; "
"
|
|
|
v
|
I " - -
.
.
) .
N B . ' - ; ’ - N
v
\
"
- "
» . .
B
) a
3 .
Y .
.
. . PR 4 B s - v o B - . . » .
2
- . ®
- =18 - + L] .= - - ¢ 0 - - . s A e s - - L I
. R !
: - . . .. . " i
" =
" . € - .
i
- « . * « . !
. 3 e ¢ * i
- .
- - R - - ' . L R T = er oy oW = e . i oo .- -




v
[y

ol

2 “ON 13300¥d ¥¥370NN
K3LSAS ATddNS ¥3M0d 21718Nd NOLONIHSYH

- /
/ /
1 . 2 . L i

NOTE :1.DOTTED LINE REPRESENTS AN INCREASE IN H, NO RECOMBINER ./ //

GENERATION FROM,THE RADIOLYTIC § THERMAL] DRYWELL /

DECOMPOSITION OF ORGANIC TOP COATS AND . / /I

AN INCREASE RESULTING IN Wz EVOLUTION - . /

FROM ZINC USING A CONSERVATIVE ESTIMATE. /

BASED OM A“BONE" DRY ANALYSIS.
250LID LINE REPRESENTS Ho GEMERATION
WITHOUT ORGANICS AND ZINC

D

% HYDROGEN (BY VOLUME)
(€

| NO RECOMBINER

SUPPRESSION
CHAMBER

Y

¢

3WIL 40 NOILIONNY Vv SY

YO0 ¥313Y NOLLYHIHIDONOD N39O0JdQAH
Y3ENVH) NOIS33¥d4dNS 2 TI3MAYQ

RECOMBINER’
FLOW START
(2.75HRS)

r
5270

N9

102 f 103 -0t 105
~ TIME AFTER LOCA (SECONDS)




"




. , AMENDMENT NO. 2
) December 1978

k. The system is designed to meet quality assurance,
redundancy, power supply and instrumentation re-
quirements f£for an engineered safety feature
system.

1. Since the system is redundant and is not - .
shared with other nuclear units, transporta-
tion of the nydrogen recombiners is not re-
guired. .

m. Since all components of the system are redundant, .
©a containment purge system as a backup is not re-
guired. A containment purge system used for
other environmental controls is discussed in
6.2.1.1.8. -

[

6.2.5.2 System Design

The containment atmosphere:control system provides effective
contxol of the hydrogen generated following a postulated
LOCA. Piping and instrumentation for the system is shown
in Figures 3.2-17, 3.2-15 and 3.2-6. Equipment details are
given in Table 6.2-17.

1 The system consists of the following:

' 1. A hydrogen mixing system which operates to
' - assure a well mixed atmosphere in both the
drywell and suppression chamber. This system ]
is the containment spray system and can be ac- )
tuated approximately 10 minutes after the postu-
lated LOCA.

2. A hydrogen concentration monitoring system
measures the amount of hydrogen in the drywell
and suppression chamber atmosphere.

3. Two 100 percent capacity hydrogen recombiners,
one of which is manually initiated approxi-
mately 2.7 hours after the accident to preclude
the hydrogen concentration from exceeding four
percent by volume. The recombiners, are cataly-
tic type hydrogen oxygen recombiners.

6.2.5.2.1 Bvdrogen Mixing System

‘ The function of the hvdrogen mixing system is to provide a
% , well mixed atmosphere in the drywell and suppression chamber.

6.2-72
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WNP-2 AMENDMENT NO. 2
December 1978

The cooling water supplied to the aftercooler is returned
to thg standby service water system. The cooling water
supplied to the scrubber is discharged to the suppression
pool. - )

All components of the containment atmosphere control system
are redundant. Controls include the control panel located
in the main control room and the local control panel for
each recombiner located in environmentally suitable rooms
in the reactor building. All of the functions necessary to
control the system are located in the main control room.

6.2.5.2.4 Containment Purge

Since active and passive components of the containment
atmosphere control system are redundant, containment purge
as a backup system is not regquired.

6.2.5.3 Design Evaluation

Based on the assumptions of the model described below, it
is calculated that the hydrogen concentration in the dry-
well eventually reaches 4% by volume approximately 10.0
hours after the postulated LOCA if the hydrogen recombiner

*is not in operation. The recombiner is started, however,

when the hydrogen concentration reaches approximately 3.5% by

volume (! hours afier the postulated LOCA) to limit the
hydrogen concentration '‘below 4% by volume. Figure 6.2-26
shows the drywell and suppression chamber hydrogen concen-
tration as a function of time, with and without operation
of the hydrogen recombiner system at design capacity of

150 scfm and at 105 scfm, minimum flow requ;red to maintain
the hydrogen concentration below 4% by volume.

The determination of the time dependent hydrogen concen-

. tration in the dryvwell and suppression chamber atmospheres

is based on a two-region model of the primary containment,
a drywell and a suppression chamber atmosphere.

The drywell and suppression chamber free volumes contain
air and water vapor at atmospheric pressure just prior to
the postulated LOCA. Gases considered available for
hydrogen dilution are the non-condensibles and water vapor
present during normal operating conditions. Water vapor
generated from blowdown is not considered. The Fadlolytlc
generation of free oxygen is added to the total inventory
of gases. The pressure in containment is assumed to remain
at atmospheric pressure and the temperature history, of,.
Figure 6.2-7 curve a; is used. The hudrogen con¥ribumon

. . . \l
from zine and organics tooh no creditr o dvlomon.

6.2-76
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@ and "Dee.ompoa%on
6.2.5.3.1.3 CorrosionVof Containment Materials
and &g@mpaﬂ+bn
The corrosion’of containment materials was considered as
a potential source of hydrogen. The corrosion of aluminum,
zinc, -+h<y zinc base paints,located either in the drywell

or suppression chamber was evaluated as a potential source
of hydrogen. ~—twias—doserminad—that—the pokenbial SQUXsos

e 4 e e -
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6.2.5.4 Testing and Inspections -
The hydrogen recombiners and the associated instrumentation
are periodically inspected and tested to ensure reliable
operation.

Each hydrogen recombiner system has been shop tested. Written
test procedures and acceptance criteria were established for
all tests. Test results were recorded in performance records.
The full scale performance tests were accomplished by placing
each unit in operation, starting the hydrogen recombiner and
allowing atmospheric air, hydrogen and steam to flow through
the unit. A flow of at least 155 SCFM was maintained through-
out all tests. The simulated environmental conditions (temp-
erature, pressure and hydrogen at 0.5 to 4% by volume) £ol-
lowing a postulated LOCA (Figures 6.2-6 and 6.2-7, curve c)
were used during these tests.

The manufacturer has also conducted a series of catalyst per-
formance tests including the effect of iodine and methyl
iodide.

The em\ua\-\on s .mc.\OAe.d n e ‘esponse ‘Lo DRLC

at;)&s‘l—.\ovx“OZi.Od-S. The vesulds are daken into

account n F'\gure.s 6-2*%(‘02_5‘.;’9& 6.2-30,
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Q 331.20
(12.4.7)

In addition to the job group exposure breakdown in Section 12.4 of the
FSAR, provide a profile of the estimated annual man-rem doses at the
WNP-2 facility broken down by major functions such as operations,
maintenance, radwaste handling, and inservice inspection. Using
experience from operating boiling water reactors, provide estimates of
doses resulting from non-routine or special maintenance activities.
Indicate the estimated dose rates, the expected required number of
workers and the occupancy times required Tor performing such main-
tenance work which you used in evaluating the estimated annual

can-rem doses. Regulatory Guide 8.19 provides guidance in making

such an assessment. a

‘-
{. .

Response: .

See revised Section 12.4.* The tables in revised Section 12.4 provide
a profile of the estimated annual man-rem doses at the WNP-2 facility.
The tables are based on operating BWR experience and are formulated

in accordance with Regulatory Guide 8.19.

o LTS g .8 - .. c T B " .
v o o - LT T LT e L] K L S T
\ * v . PRl T L A LI PRl T . .

*Draft changes attached. o e
. ) \ i
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12.4 DOSE ASSESSMENT

/ W N
12.4.1 DESIGN CRITERIA, OCCUPANCY FACTORS AND
PERSONNEL DOSE 7/
4

criteria for the dose to plant personnel. during normal
ope ation and anticipated operational occurrences, includin
; cling, are based on the reguirements discussed in 10CFR
] Part \20. The design radiation levels during normal operatio
§ ané re¥ueling are shown on Figures 12.3-Y to 12.3-6. 1In

: areas s\Wch as the control room and offices, the maximum dose
} rate doey not exceed 1.0 mrem/hr (2Zone I radiation level).

i For personnel who work in controlled radiation areas, rad-

i iation 2on&\II through V on Figures 12.3-1 to 12.3-6,

i administrati¥e controls ensure that doses do not' exceed the
i reguirements &f 10CFR Part 20. s
i

¥

s

?

:

!

i

i

/

The'occupancy ctors used in esiimating plant personnel ra-

diation exposure\are listed on Table 12.4~-1 for the six per-
/

-

/

. .y . .
a. Croup\l - includes maintenance personnel such
2s mechanical, eYectrical instrument craZtsmen
and _o* men. There are approximately 46 people

sonnel groups.

5 b. Group 2 ingludes control and .equipment
] operators. The*e are approximately 28 people
{ in this grou
c. Group 3 by es technicians such as health
DhYS‘CS and chemdstry technicians and engineer-
ing ass=stants. here are approximately 8

people iA this group.

éd. Group q/l includes engineers and technical
supervasors. There a&g approximately 9 people
in t?;s group.

e. Group 5 - includes *nDlant supervisors such

aegéeal-b onys‘cs—chem_st:y supervisor, shift

supervisor, etc. There are approximately 14

people in this group. ‘\

f. roup 6 - 4ncludes adrministrative &nd, manager
/ment personnel There .are approximately.ll. -.
people in this - groun.‘_ LN T e T T

»

»

e 1'2.;1'—1'
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[areas while\pverforming the following funciions:

e e T

Y

?ﬁg;é occupancy factors are determined by estimating t;;—\\\\\
amounts of acime spent by personnel in controlled radiation

g. Routine patrol
h. Perxriodic tests and og;zations

A
i. Contxpl room operations

AN
j. Refueling // )
k. Maintenance //

1. In-service ln pection
Table 12.4-1 also lists the estimated annual dose that will
aobly to a particular gronb in a pariticular area. To £in
the dose that will agply tova particular group, the }
gose rate is mult ;b_aed by the occupancy factors and the num-
ber of people in eadh group. \The resulis, listed in Table
12 4-1, ~'e?:;-:esen;/ého"e body eﬁfos ure.

k]
é

ga ta on perscnned exposure :ron‘boe*at;ng BWR plan.s show
that +the operation and ma;n:enance recuirements of all BWR ‘/ﬂ-
Blants are s_mL‘ar. I+ is ant c*ﬁa*ed that the operation ¢
and ma;nbenance recuirements of WNPx2 will be similar +o
oicher BWR o*;n:s and thereiore the personnel exposure data

will be s*Ta‘a_ 12.4.2 discusses pé\sonnel exposure based
on BWR operat ing experience. :\§

r“gfﬁhél v Necs lat-“~\







. @ o

12.4 DOSE ASSESSMENT
12.4.1 DESIGN CRITERIA

The criteria for the dose to plant personnel during normal operation

and anticipated operational occurrences, including refueling, are

based on the requirements discussed in 10CFR part 20. The design
radiation levels during normal operation and refueling are shown on
Figures 12.3-1 to 12.3-6. In areas such as the control room and offices,
the maximum dose rate does not exceed 1.0 mrem/hr. (Zone I radiation
level). For personnel who work in controlled radiation areas, radiation
Zone 11 through V on Figures 12.3-1 to 12.3-6 administrative controls
ensure that doses do not exceed the requirements of 10CFR part 20.
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12.4.2 PERSONNEL DOSE ASSESSMENT BASED ON BWR
OPZRATING DATA

12.4.2.1 General

In general, recent data(l) from operating BWR's have shown
that the man-rem exposures to plant personnel are primarily
édue to the corrosion product isotopes. Of the corrosion rro-
duct isotopes, Co~60 is believed to be the single most impor-
tant radionuclide.

The variables that have been found to affect plant personnel
exposure include the following:

a. BWR plants show an increase in total personnel
exposure during the first few years of operation.

b. The need to minimize plant downtime reguires
that inspection and repair tasks must be started
immediately after plant shutdown when the dose
rates from short-lived radionuclides can be
significant.

c. Plant design and eguipment layout has a signifi-
cant eiffect on personnel cdose. 12.3.1 discussed
the design features used to minimize plant
personnel exposure,

¢. Training and experience o0f plant workers.

e. The extent of maintenance ocperations reguired
for a specific year.

£. The extent that a uvtility uses non-regular or
contractor personnel.

12.4.2.2 Personnel Dose From Operating BWR Data

References 1 and 2 provide a tabulation of personnel exposures
for operating BWR's. Table 12.4~9 tabulates the average per-
sonnel exposure for several plants operating for a period of

several vears based on these references_ References W

'H*\ho\ksl\ 7 ‘P,O\,\&{ moefe recent wmformatisn ., The kssc.$l~\<.r\+
Skmm&\"l%c.f-e \n Sectien a4, 2.3 includes This  mere
. « e T et . ;. AR o L : )
. Vioe ) M . e . . e L .'. " " ORI DR

" recent \T\"Fo;:l:-w\'hmy\ T e e T Teen Bl e el E o
. [P R t "o
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A abulation of the average fraction (in percent) of th
al plant exposure is listed on Table 12.4-3. This table
hows that the jobs listed account for 47% of the total dose
d by plant personnel on the average. The/zemalnlnc
4§ exposurg can be largely accounted for aiter con -oerlng mis-
cellaneoug routine operations and maintenance Each of the !
tasks in this category are insignificant as far as radiation |
dose is concerned. However, the cumulative dose received by \
olant personned after performing many of <hese tasks becomes
s‘gn ficant. Daga show that the exposyfe from routine oper-
! ations is aoa*oxlma ely 33% of the tgfal annual exposure. The
i remalnlng 20% of tht total annual efposure is accounted for
‘s
:
j

ter considering misy ellaneous rX during outages, bias in

account;ng for exposur and dyfferences in dosimetry results.
£ is concluded that no six@le source of exposure is dominant
at operating BWR's. ThelaPgest single sources were the re-
ci*culahion pumps incl¥@ing clean-up system and work on valves,
particularly relief znd sa;ety\valves. £ach of these sources
contributed 8% to rhe total annna& exposure. Inservice in-
aste treatment syseems and £uel handling
next highest exposures, 4.9%, 5.6% and 5.5%
exposure, respectively.

spection, ligui
contridbuted ti
of the annu

the\dose received by
2, subtracting
fal-man-rem"

1. In generzl,
the total

e above discussion includes
tor personnel. Looking at Table 12,
lumn labeled "regular-man-rem" Zrom "t
the cdose received by contractor personn
sigﬁifican. --acelon (between 25% and 60%) oI
an-rem is received by contractor personnel.

///’Z‘Z—fki/ Resultis aa7‘Cbncxu5177§ T
o/ occupational

As discessed previously, a precise estimate

; exoosu*e cf speciiig _ndlviduaME is not at aﬁnable. 2 gross

None of

assessnena is b*ov_aec in the -ollow*ng pa

\ six Job group c‘j?51 £ications/defined in l
. Gfoup 1l - Ma¥ntenance perspnnel would /receive

¥he largest fdose of any of the six gyoups .

Based on the data discussked in the ecedlng
£ Ael dose

greater
year per

sections, e average annual perso
for all plants with a thermal outp
than 50,000 MWD is l40a?an-rem pe

plant. he plants congidered are/listed on
* ® '\__—'—._""——.-f N £ —— - - \ _‘_‘,‘n LY ° c- :
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From Table 12.4-~3, it is seen that maintenan
operations, which include control rod drive,
N o .
recirculation pump, valve, turbine, fuel pool
and condensate demineralizer maintenance oper-
ations}; would account for 21% of the average
annual personnel dose. If one-half of the dos
from routine operations (33%) and m*scellaneons
work durlng outages (20%) also is received by
plant maintenance personnel, approximately 50%
of the total,annual average personnel dos or
70 man-rem, is received by this group. ASSLm*ng
46 people are in this group results in a dose
of 1.52 rem per\person annually. BAs dysc“ssed
12.3.1, the eguipment des;gn and layout and
the sh*eldlng @esign are such that the exposure
is as low as reasog§b1y achievable.

Croup 2 - Plant ope*a ion personnel can be
divided into three g*oucs - snng;vxso*s, centrol
room staff and plant ecnﬂumen‘ perators. These
exposures can be estlmated us*ng radization zone
limit values. The valués gl en in Table 12.4-1
show that the total person dose for oper-
ation and shutdown is a*é&oximately 22 man-rem
or about 0.7 rem/yr oDer é"son As part of

this total, the suoe*vJso* and control room
staff wou‘n be eyaacuéé to receive an exposure
of less than 3500 m_em/y* if “hey remain in the
control room and a shinist rat“ye office arezas.
These pecple w;“ however spend time on in-
spection of Dlant systems.

Group 3 - IZ/the plant health physics/chemistry
personnel spent 1% of their time\ collecting
samples inp” 2one III sampling stations, they
will regéive‘a maximum dose of 309 mrem/yr.
Assuming that they spend the remeinder of
their/time in Zone I and Zone II eas, their
totad dose world be between 1 and 2 rem per
perSon. The plant health physics/ghemistry
pgrsonnel also conduct *ad*a ion surveys and
supoo*t maintenance activities which require
monl.orlng and u*e-job ~ac~atlon sux evs.

12.4-5.
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Assuming a dose rate per person of 2 rem/yxr
considering the 8 people in this group, the
personnel dose is 16 man-rem.

roup 4 - The engineering staff and tec
supervisors will spend most of their &ime in Zone
I areas where exposures will be le than 500,
m_em/j They will spend ti i igher radia=-
oion areas. Howevex, bhe

-_'-.--o._— - - -

vising Group ang”Group 3 personnel. Their dose
rate would be al ut the same' as that receiveé by
personnelsz§/9rou 1 and 3. This value is about

1l rem/yzx. ith 14 -\pple in this group, the
total persdnnel dose s 14 man-rem.

- The administratiye and plant personnel
spend their time in 20 ¢ I radiation reas.
it is expected that th dose .rate will
e less than 500 mrem/yr. Wi 1) people in this
group, the total perscnnel dose becomes 5.5 man-
cem.

tal personnel cdose for 2ll groups is approximately 130
em. ASSLming that another 130 man-rem will be “xeceived
contractor personnel, as discussed in 12.4.2.2, hh

total personnel exposure is estimated o be 260 man-rem.

12.4.3 INHZALATION EXPOSURES

Airborne radionuclide concentrations in normally occupied zreas
are, as discussed in 12.2.2, well below the limits set by
10 CFR Part 20 aﬁa thus _nhalatzon exposures are negligibkle.

o ﬂl' E-2 m \.L,q'ﬁ;)'J
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12.4.2.3 OCCUPANCY FACTORS, DOSE RATES, AND ESTIMATED PERSONNEL
EXPOSURES

A summary of the total estimated man-rem doses broken down by major
function is given in Table 12.4-1. More detailed breakdowns are presented
in Tables 12.4-2 through 12.4-8 for each of the seven major functions given
on Table 12.4-1. These tables-are based .on the more recent information
obtained from References 4 through 7. The data from Table 12.4-9 is given
for comparison purposes only.

The results of the total estimated man-rem doses will be discussed with
- reference to six occupational groups as follows:

a. Group 1 - This group includes maintenance personnel such as
mechanical, electrical, instrument craftsmen and foremen. .
There are approximately 46 people in this group. Tables 12.4-
and 12.4-8 provide the functional breakdown of exposure for this
occupational group. As can be seen from the Tables, 373 total
man-rem may be expected.

Routine and special maintenance operations which include control
rod drive repairs, Residual Heat Removal (RHR) repairs, snubber
maintenance, etc. account for approximately 62% of the average
annual personnel dose. One to three rem per year per person is
projected for the station maintenance personnel for a maximum
total of 138 man-rem per year. Accordingly, the remaining 235
man-rem per year would be expected to .be received by nonstation
maintenance personnel. As discussed in 12.3.1, the equipment
layout and design and shielding design are such that the exposures
are as low as reasonably achievable (ALARA).

b. Group 2 - This group includes plant operations personnel composed
of supervisors, control room staff and plant equipment operators.
There are approximately 29 people in this group. Tables 12.4-2,
12.4-3, 12.4-5 and 12.4-6 show the total estimated man-rem for
this group. As can be seen, the total is approximately 111 man-rem
per year or approximately 3.8 rem per year per man. Personnel in
this group will be performing routine and non-routine operation

and surveillance, waste processing and refueling operations. In
plant operations personnel are expected to receive approx. one to
two rem per year per man for a maximum total of 58 man-rem per
year. The remaining 51 man-rem per year may be expected to be
received by nonstation personnnel. As part of this total, the
supervisors and control room staff are expected to receive an

" exposure of.less_than 500 mrem/yro- « . ool 0o o LT
- « ‘ .- .. ", .‘:: ) ._u ,."4, :" ..5-:‘;:’“- a : -.'\-, B l‘-. - o
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. Group 3 - This group includes health physics/chemistry technician
personnel. There are approximately 8 people in this group. If
the plant health physics/chemistry personnel spend 1% of their
time collecting samples in zone III sampling stations, they will
receive a maximum dose of 300 mrem/yr. Assuming the remainder
of their time is spent in zone I and II areas the total dose is
between 1 and 2 rem per person. The plant health physics/chemistry
personnel also conduct radiation surveys and support maintenance
activities which require continuous and pre-job radiation surveys.
" The exposure to these health physics/chemistry personnel ranges
from 2 to 4 rem/yr. This is based on experience from operating
plants. Assuming a dose of 3 rem per person per year and consi-
dering 8 people in the group, the total is 24 man-rem per year.
Since this group covers virtually all functions delineated in
Tables 2 through 8, this 24 man-rem is considered to be spread
put across all the functions.

. Group 4 - This group includes engineers and technical supervisors.
There are approximately 9 people in this group. Personnel in
this group will spend most of their time in,Zonhe 1 areas.where
exposures are less than 500 mrem/yr. Table 12.4-7 -indicates
approximately 129 man-rem per year will be experienced for
inservice inspection. Plant technical personnel will have a
supervising roll in this operation with nonstation personnel
performing the inspecting operations. Thus, the projected dose
estimate for the 9 people in this group is 4.5 man-rem per year,
the balance being accounted for by the nonstation personnel.

. Group 5 - This group includes station supervisors such as health
physics-chemistry supervisors, shift supervisors, etc. There
are approximately 14 people in this group. Station personnel
will supervise Group 1 and Group 2 personnel. Their dose is
approximately the same as personnel in these groups. With a
projected dose estimate of 1 rem per year and 14 people in ths
group the total dose is 14 man-rem per year.

. Group 6 - This group includes administrative and management
personnel. There are approximately 11 people in this group.
Personnel in this group spend their time in Zone 1 radiation

areas. The projected dose estimates will be less than 500 mrem/yr.
With 11 people in this group and a 500 mrem per man per year

the total dose is 5.5 man-rem per year.

-

As seen from Table 12.4-1, the total estimated man-rem exposure is
613 man-rem. Groups 3, 5, and 6 are considered to be spread over
all the functions. These groups .constitute only.7% of, the ‘total ~ -
eXpostre’ in any «Case, . "t ¢ e reen TRt
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12.4.4 SITE BOUNDARY DOSE

Steam~handling equipment on the turbine operating floor can
contribute to the site boundary dose in two ways: through a
direct component and through-an air-scatiered "skyshine"
component. Since the N-16 bearing eguipment is known, it can
be shielded to reduce the direct component. The "skyvshine”
component reaches the site boundary as a result of those

gamma rays which are directed such that they bypass any inter-
cepting shield walls and are scattered by the air to the

site boundary.

The calculated results show that the skyshine dose will
have its greatest effect on a2 dose point 1950 meters north
of the turbine building. The skyshine dose at this point
will be approximately 3.6 mrem/yr. This result-is based on a
plant capacity factor o 80% at, full power operation.

‘

The main contributors to this dose and their conitribution
(in percent) are the south moisture-separator reheater (MSR)
which contribute 60%, the north MSR which contributes 20%,
the cross over lines which contribute 10% and the turbines

and feedwater heaters which contribute 10%.

The dose estimate was computed from a model that represents
the N-l6 gammz leakage by point isotopic sources. This model
uses the output from the COHORT Code(3) which gives the air-
scatitered dose as a function of distance and source ray
angle.

The site boundary dose f£rom licguid and gaseous effluents are
discussed in 11.2.3 and 11.3.3, .
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TABLE 12.4-1

ESTIMATED ANNUAL DOSE TO PERSONNiBL . .
PLANT IN OPERATION ’
REAC'TOR BLDG. TURBINE BLDG. RADWASTE BLDG.
: , Number of Occupancy Personnel Occupancy Personnel Occupancy Personnel
Personnel People in Factor - Dose Faclor Dose Factor Dése
Group " Group (bx/man/yx) (man-xem) {hxr/man/yr) (man-rem) (hr/man/yxr) (man-rem)

Maiiiténance . .
:Craftsmen .

.- .(Group 1) 46 20 4.60 20 4.60 60 27.60 W
.bperators
(Group -2) 29 50 1.35 50 14.35 50 7.25
,Techricians A
KGroup 3) 8 50 1.20 50 1.20 50 2.00
“Engineers |
- {Group -4) 9 8 T .22 8 .22 4 .18 ;
Plant !
‘Superivision
v(Group S) 14 35 1.46 35 . Y.46 30 2.10
"Mandigéméent , ; %
"{Group .6) 11 1 .03 1 .03 1 .05
TOTAL 117 11.86 39.18
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Table 12.4-1
SUMMARY OF
OCCUPATIONAL DOSE ESTIMATES
AT WNP-2

. Routine Operation and Surveillance

an-Routine Operation and Surveillance

. Routine Maintenance

Waste Processing
Refueling

Inservice Inspection

. Special Maintenance

Total

Man Rem/Year

38
15
275
11
47
129
98

613
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Table f2.4-4°

INTZNANC

~ . .

‘L/year

1-7¢

OCCUPATIONAL DOSEI ESTIMATES DURING ROUTINE MA =z ’
AT WNP-2 |
* Ave. Dose Zxposure Numbers
Razte Time 0f Dose
Activiev mRem/Hr. s, * Workers Freo Man-Rem/Year
1. Minor Repairs Reactor
Building 1 20 2 1/week ) 2.1
2. Ventilzaction & Air
\ Condizioning o5 20 1 1/week 0.5
3. Control Rod Drive ) g
1 Repair* . 15 200 6 1/yeax 18
4, Reactor Water Clean .
. Up Pump* 180 .35 3 1/yeas 19
5.-Reacteor Water Clean .
Up Valve & Heac* 110 45 6 1/yezr 30
6. Zxchanger R
7. Residuzl Heat Removal
System* i 200 27 8 1/yezs 43
8. Safety Relief Valves 80 30 5 1/year 12
9. Mzin Steam Isolation : :
Valves 75 100 6 1/vear £5,
10. Recire. "Pumps 200 50 ° 3 1/year 30
11. Snubber Inspector & i
Repair 75 100 5 1/year 37.5
12. Misc. Turbine 3ldg.
Repzirs ' 2 8 1 1/day 5.8
13. Rezctor reed Pumps
& Turbine 2 40 2 6/yeax 0.
14.Drzin Coolers 2 40 2 1/yezr O 16
15. Steam Jet Alir
Zjectors 2 40 2 2/yezx 0.32
16.0ZZ Gas System 2 40 2 6/yeax 0. 96
17. MTG Actuator 5 40 1 Y/year .
18, Hezrer Drazin Flash
Tanks 2 40 1 l/year 0.08
19. Condensor Water -Box 5 - 20 1 1/year o-1
20. Annuzl’ Turbine
‘Inspection 3 120 10 1/yeax 3.6
21.Misc. Radwaste Pump
Repairs 5 40 2 6/yeax 2. 4.
22.Misc. Radwaste Valve .. ot - . .
-'Repairs . -5 260 . TL24. 6/yezz 2.4 .,
23.Filter & Demin. 65 . .30 . 30 1/year 5.9
24.Centerfuge 5 "8 2 .32 -






2 010
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tn

osure Nunber
me (033 Dose
S. Workers Mzn-Rem/Yezr

Ave. Dose
Race
Aczivigy mRem/Hr.

07

"
53
0

Mechanical (Cont.) N
5. Zvaporation . 85 ©os0 3 1/year © 12,8
6..Turbine Inscr. &

10
40
40

* 1/week . 1.0
2/year 0.32
2/yeax 0.32

Control
7. Wasze Solidificacion
8. Arez Moniteors -

O N
NN -

"~

o Total 274.8
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Table 18,45

OCCUPATIONAL DOSE ZSTIMATZS DURING WASTE PROCEZSSING
AT WNP-2

Ave. Dose Zxposure Nunber
Rate Time (033 Dose :
Activity oRem/Hr. ' Hrs. Workers rreg. Man-Rem/Year
Radwaste ‘ S
Control Room .5 8 1 1/shift 4.4
Sampling & TFilter .
Changing 10 4 1 1/week 221
Panel Ope:a:o:‘lnsp.
& Testing 1 2 1 1/ézay .73
Operazion of Waste &
Packaging Zaquip. 2 16 2 1/week 3.3 .
) Total 190.5

1-79




Y, TAHIE 12, 4-6
OCCUPATIONAL DOS

t

EISTIMATE DURING REFUELING
AT WNP=2

. Ave, Dose Exposure Number
) Rate - Time °* 0f Dose
Activiecy - mRem/Hr. Hrs. Workers rrea. Man-Rem/Year
. Opening/Closing Reactor™ 60 . 40 10 1/yeaxr 24
Pressure Vessel
. Fuel Preparztion 10 24 2 1l/year ° “0.48
. Refueling * : 10 100 15 1/year 15
» Fuel.Handling 2.5 . 100 4 1/year 1.0
.+ Fuel. Sipping 10 100 6 1/year 6.0
Total 46.5
]
|
|

1-7¢0
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OCCUPATICONAL DOSE

Table 72.4-7 ‘”

ESTIMATES DURING INSERVICE INSPECTIION

AT WNP-2

. Ave. Dose Exposur Number
Rate Time o< Dose
Activicy mRem/Hr. Hrs. Workers - Trec. Man—-Rem/Year
. Removal/Replacement of
Insulation 150 40 & 1/year 2&
'..Installacion/Removal .
& Ladders 50 40 4 1/year 8
3. Ingspecting Inside
Dry Wellx 150 80 6 . l/year 72
4. Rezorzder Data 50 80 ) i/year 24
5. Inspecting Outside Dry
Well* 5 50 2 1/year ™ .5
. Total 129

1-79 .
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L IV Y Td'ble /Q’Q’g
OCCUPATIONAL DOSE ESTIMATES DURING SPECIAL MAINTINANCE
AT WNP=-2
" Ave. Dose Exposure Numbexr
Rate Time 0f Dose
Activity mRem/Hr. Hrs. Workers Freq. Man-Ren/Ye
Sparger Replacement 800 60 5 Should- not -
] be necessary
CRD Replacement 260 35 5 1/yeas 45.5
Turbine Overhaul 3 250 20 1/5 year 3
Servicing In ,
Dezectors . 15 50 3 1/vezr 2.3
0£% Gas Charcozl Sys.
Overchaul 100 100 2 1/20 year 1
Specizl Maintenance
Reactor . 150 : 100 4 1/10 year 6
Wazer Clear Up Sys.
Misc. Piping Repair's 80 " 100 5 1/yeaz 40-
Tozal .97.8
i
- , 2 . s

1-7¢9
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TABLE ./2,2-9

PERSONNEL EXPOSURE FOR SEVERAL BWR PLANTS

PLANT £3  RATED MWe: 640
PLANT
CAL AGE  THERMAL  DOWN REGULARS* REGULARS  TOTAL
YEAR (YRS) MWD HOURS 3 MAN~-REM MAN-REM
73 5 452,708 2263 142 551 1449
72 4 540,877 1548 108 399 651
71 3 486,380 1567 98 140 249
70 2 441,800 1687 © 88 < 48 64
69 1 49,806 69 7 13
68 67 .3 .3
PLENT £ RATZD MWe 630
PLANT - ;
CAL AGE  THERMAL  DOWN REGULARS* RSGULARS  TOTAL
VEAR (YRS) MWD HOURS & MAN-REM  MAN-REM
73 4 457,173 2679 136 310 594
72 3 417,109 2678 130 218 305
71 2 381,082 2798 68 106 206
70 1 247,501 4487 69 26 62

* Regulars - Denotes the number of Regular (Non-Contractor)

Plant Employees
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WNP-%.“ir

, TABLE ?Z-Qw? (Continued)

<

PLANT 13 RATED MWe: °~ 652

Sheet 4

DPLANT

CAL AGE THERMAL DOWN REGULARS*

REGULARS* TOTAL

YEAR “(YRS) MWD HOURS 5 MAN-REM ° MAN=-REM
73 3 58,082 8040 176 . T 225 620
72 2 403,650 3960 232 255 595
71 1 463,000 3240 244 L3y 49
70 11,988

=~ Regulars: Denotes the number of Regular (Non-Contractor)

Plant Employees

“we
il T




0




TAULE 1247  (Continued) Sheet 2-
Plant $8 RATED. MWe: Ul 200
u2,3 800
DPLANT . ; -
CAL AGE THERMAL DOWN REGULARS* REGULARS* TOTAL
YEAR (YRS) MWD HOURS # MAN-REM*® -MAN-REM
o T ' (all units) (all units)
73 14 Ul 101, 2332 : © 576 909 -
353 :
73 4 Ul 681, 807
174
73 3 U3 495, 2577
689
72 13 Ul )56, 1726 239 368 ‘ 728
783 ’
72 3 U2 432, 3402
725
72 - 2 U3 618, 1144
888
71 12 Ul 99, 3140 225 315 713
078
71 2 U2 364, 2669
023
71 i U3 149, 5944
. - 510
70 11 Ul 198, 498 202 127 143
835
62 10 Ul 120, 3292 182 215
493
68 9 133,307 3177 189 303
67 8 115,362 3855 170 363
66 7 199,214 368 107t 150
65 6 138,149 1800 103 128
64 5 138,688 1547 71 90
. 4 .

L A30,757 1892 .o .89 .. . 108,

. 1]
4 e T .3 .
. Y .+ ) Py » - !
e e Lol e ;. s, P ,,‘.

* Regulars - Denoues number of Regula* (Non-Contractor) -
Dlan mployees
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;AINE12.8-%. (Continued) Sheet 3
PLANT #8 RATED MWe: Ul 200
{Continued) Uz2,3 800
, PLANT
‘ CAL AGE THERMAL DOWN REGULARS* REGULARS* TOTAL
YEAR (YRS) MWD . HOURS ¥ MAN-REM  MAN-REM
‘ (all units) (all units)
62 2 168,008 1716 182 86 " 145
61 2 72,403 4500 105 105
60 1 31,707 64 - 64
1 .
pranT £0¢Y)  RATED Mwe: UL © 800
U2 800
. “BSLANT
CAL AGE  TEERMAL DOWN RESULARS® REGULARS* TOTAL
VEAR (YRS) MWD HOURS £ MAN-REZM  MAN-REM
73 2 U) 646,112 970 2509 142 201 :
73 1 Ul 676,809 1074
72 1 Ul 110,733 3502 380 26 64
72 U2 205,080
PLANT £10 RATED MwWe: 548
SLANT ‘
CRL AGE THERMAL DOWN REGULARS* REGULARS* TOTAL
YEAR (YRS) MWD HOURS 2 MAN-REM  MAN-REM |
73 3 405,000 2131** 105 91 156 ;o
72 2 445,000 1419 83 63 65
71 2 180,000 4367 82 27 29
. **First six months only ,;Hgi_.y.‘=,z, R A
x Regulars - Denotes the nﬁmber!of Regulai (Non-Contractor)

_Plant Employees
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