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ABSTRACT

A survey has been made of the possible build-up of long-lived radic- E

activity' on primary system components with increased reactor operatioﬁ?—
: _ 2
]/ arameters and mechanisms that may contribute to this-activity build«ug/elre

‘ diSCussed//
The activity build-up has been attributed to either deposition and/or
atom exchange. Experimerntal data to-date is not sufficient to conclusively .-

attribute the degree to which each of these mechanisms contribute to the
[

build-up. / Z/he need for more experimertal information/especia,lly fo;/re-

actors employing stainless steel clad fuel elemer'xt's/,/ is discussed. "

(¥“Theoretical equations to predict-the extent of the activity build-up )
. "y 4 / ) : i
are discussed. To-date these equations have not been accurate in predicting’

v .

the build-up of long-lived nuclides. /
Decoutamination of primary sy_stem" components may be reqﬂiredto
remove this build-up. A discussion offpresent-day/decontamination agents

and their 'applicatior(us_“:yswldiscussed,
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I. . INTRODUCTION

4Rec‘ent lnformation has shown that long-lived nuclide aetivity tends to
:buxld ~up a,ctwu.y anmmary system surfaces durmg reactor operatwn It is |
' reasonable to ass:;me that thxs bulld—up mlght reach magmtudes whlch could
» ,ser1ously hmder ‘maintenance of prlmary system _cor_np‘o,nents, e.g., the
pluggmg of a steam generator tube. ‘ |

Although much effort has been devoted to the solutlon of thls problem,
| quantltatlve results are limited. Additional work is necessary before a.80-
lution. to the problem can be effected. Unfortunately, experlmental techmques
‘are necessarlly d1ff1cult and sampling procedures generally sub]ectlve |

Attempts have been made by other- 1nstallatlons to theoretlcally predlct
the. bulld-up act1v1ty Actual results in most cases. have been 51gn1f1cantly
higher. No_oomparable results are ava1lable for the APPR-1 since lt r.epre-
sents the'f.irs.t reactor to ‘_employ stainless steel fuel elements;.' |
| Alco ‘Products, Inc. under contract with the Army Reactors ‘Branch‘
_}of'the.AtOmic Energy Commission is now investigating this problem; As
part of this program, this report encompasses a sur-vev lmade of available ‘
- information on th‘e activity build-up in pressurized water re.actors.'

A. COOLANT ACTIVITY A

Intrinsic activity (1) has been defmed as the radloact1v1ty

associated_w.ith’fthe nuclear composition of the coolant 1tself., The act1vatlon

.of water»theoretically could result in the products shown in, Table I.
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The magmtude of- the 1ntr1ns1c act1V1ty overshadows the

‘ 1mpur1ty act1v1ty, which can be cons1dered composed of all other constituents
.in.the coolant Generally, the intrinsic act1v1ty W111 be the prime factor in de-

t‘ermining the, coolant_ shield, i..e.

(1

intrinsic activity' ™' ~ 399
impurity activity o

B. iMPURITY ACTIVITY
Pressurized water reactors now bemg demgned or in .oper-
ation generally utilize deaerated make-up water. Some naval reactors, how-
ever, do not always adhere to tiiis‘ practice Wlth the »addition of non-deaerated
| water, the. presence of certain gases can contribute s1gn1f1cant1y to the overall

. impurity water activ,ity,. Additional N16

and .N 17 can form from the dissolved
oxygen and nitrogen in the water. |

Minor arrlounts of argon present as an‘ air impur,ity’in_.the‘ |
make-up water -result in i:he formation of .A'41 in ihe coolant° 'This riuclide; ‘
which has a halinlife of. 1. 82}hours, can co.ntribote signiiicantly to.the over'all'

(2

shutdown radioactivity of the primary water. As an example, calculations
performed for the SAR md1cated that the presence of A41 would raise the ac-.
tivity level outside.the main primary. coolant pumps fr_om 28 to 84 mr/hr
-measured at fifteen minutes after shut-down.

| . Since the above gases haye sliort hal:_f-;iives, radioactive decay'

will remove their potential hazard. The more importan_t nuclides that con-

-tribute to the shut-down activ,ity_-ar.ise from corrosion products. ' Considered

of minor imporiance are impurities present in the rriake-up water.: Table II
: 4 o ,, S




.illustrates some-impurities which may be present in the mé_ike-up water.

Pr,oduct: |
- Nuclide

Na24

»y,Ne23
Na25

Mg27

p%2
st

P33

%

:P:?‘.4
T'C136

.fciss |
: '0541 ‘

12

' TABLE - Il ' NUCLEAR CHARACTERISTICS OF
SOME COMMON WATER IMPURITIES

: Cross o o :
% Parent . Section Product ¥ Energies
. Abundance . Nuclear Reaction (barns) .t 1/2 (Mev)
100 Nam,w)Na?* 053 15.0m 2.75; 1. 37
100. ‘ Na23(n,p)Ne23 ——— 40_s 0.44; 1. 65
10. 1 - Mgzs(n, p)Na25 ' - 60s 0.,98r;~0, 58;
11,1 Mg~ (n, ¥ )Mg 0.03 9.5m 0.84; 1.02;
1100 P (n,¥)P 0.20 = 14.5d None
100 P, pisi® —e== - 2.62h  1.26 .
0.75 S33(n., p)P33 ——— 25 d " "None
4.2 §3%n, v)s%® 0,26 87 d ‘None
4.2 8%, pp3* e 12,45 2.1; 4.0
5.5 c1®m,%)c1® 44 3.1x10°%  None
24.41 - c¥m,mc1®  os6  m3m 0 2116
96.9 : C‘a‘m(n, Y)Ca41 0.2 | 1. 1x105y ‘None
0. 64 | ;Ca42(n,p)K42 Cmeee 12,5h  .1.5;0.32
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.C. PREDICTED PRIMARY‘ SYSTEM .,COMPON ENT AC TI-YITY
Thé@retical calcﬁlationshave,bee,n,employéd.‘tolmjedi‘c.t acfivity '

. .-leveis both for the coolant and. the impurities in the. coolant In the Naval Re- .
actor. Program, 1mpur1ty activity level calculatlons were made: for various .
m_te.rvals ofuf.u,l_l power hours operatlon( 3) . Table IIT 1nd1cates. the results ob-

| ~ta'ine:d,bn;:th,e measured activity levels versus the‘predicted. levelsﬂ.f As w.ili bé -
indicated later, Co® is the major contributor to the activity build-up on the
primary cqmpope.nts due to its long half-live and energetic:gamma's., . This value

‘was.found to be mtich higher than predicted.

: TABLE I OBSERVED VERSUS PREDICTED
SPECIFIC ACTIVITY -
(S 1-w DATA AFTER 93 FULL POWER HOURS)

Nuclide R | "Measured ( /&c/cc) : Predlcted (/uc/cc)
Mn56 ’ 1. 9x101 B i"1 75x10 -l
co® 5.8 x 107° ~9.02x1077

Fe%® 9.1x10°% ’ ,_'5..43 x 1072

Fe” | 1.6x107° 6.37x10°%
ot 38x107t 3.37x 107

11




ThlS dlfflculty in predlctmg actual specmc act1v1t1es has been
encountered m practlcally all other pressurnzed water programs, mcludmg the
. APPR ThlS mablhty to make accurate predictions emphasm.zes the necess1ty
";of a combmed experl.menftal and theoretlcal program
L Radlatlon emanatmg from prlmary components after- shut-down
| have: been measured at both the S- 1-W and APPR. . Table IV shows external
(4)

. radlatlon levels on. the S 1-W heat exchanger

TABLE IV EXTERNAL RADIATION LEV ELS AT
’ b 1 w HEAT EXCHANGER '

N ‘ " Level During : ~ Level at
S el Imtlal Level Full Power ‘ 10% Power.
A (mr/hr) (mr/hr) a - (mr/hr)
- Stainless-steel’ . 160 - - 600 - L 350 - 400
b01ler : o . |
- Carbon steel - 0. 400 | - 250 - 300

_boiler

.,F;rom,-,fhese, -plus additional reactor data and loop tests, in-

. ves.gi"gators -became cognizant of th_e-potential serious build-up of radioactivity
on system components Today, most reactor designers are becoming aware
of the comphcated mamtenance problems that may arise. from this activity

N bulld:upo.-.. :

12
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" II. ACTIVATION FROM MATERIALS.OF CONSTRUCTION

A,‘ MECHANISM OF IMPURITY ACTIVATION
4Since the half-life of the intrinsﬁic_coolant activity is small, its |
contributioﬁ to the after shut-down level 11 rapidly eliminatedo The coolant im;

omrities however, ‘have both'long and-short}half—lives Theloriger half-life

1mpur1ty nuclides are the major contributors to. the after shut down levels

. The prmcmal mechanisms by wh1ch 1mpur1t1es become actlvated
and.can normally enter the prlmary coolant are as follows ‘

1. Sohds or gases wh1ch are present in the make up water
aod "becom_e activated. . |

2. ' Recoil of activated nuclides from thecore surface Which /
enter coolant. |

3. Fuel element materlals and other in- flux structural ma- |
terials which. become activated and become released to the coglant .

4,, A Structural materials which are released.from out of flux

.regions and become activated during residence in flux areas.

) Tlie first mechanis‘m, which was discussed. previously,l does.not
normally contribute significantly to the activity build-up. (..Reference-.to actitzity“
build-up, henceforth in this report refers to. the after'shut—'down levels remairll-=
ing on primary system components). Most reactor in.stallations, under design
or irl' operation, hare utilized demineralized water for make-up to the pri_mary

system; thus the 1mpur1ty add1t1on is negligible. With the exception of A‘l‘1

'.whlch results from the use of non-deaerated water, make -up water 1mpur1ty

13



" ‘activation is of no significance to the activity bu.ild-up prdblem.,~

Recoil, | as a possible major source.of acﬁvi-ty bu.ild-‘up, ,is |
.not cons'ilderedlprobableg A uniform corrosion deposit usué.lly :f'o'rmAs on the
..c.la.ddinig,of-fuel elements. Since the general range of recoil a,to'r'ns‘ is. in the ‘
“.order of 10vw5 cm and;thle.deposit thickness is usually of gréater magnit;udé, t'he-: ‘

number. of nuclides that will enter the coolant by this ‘mec_hémism is considered

negligible.  Recoil contribution calculations can be shown to have only minor ef-

fect on the activity build-up.

Mechanismé 3 and/or 4 are the major co%ri;tributbrs to.:the a',c-.'
-tivity build-up of éctivity on the primary systeim F‘a,ctor,s‘ of importance per-
taining to these. two mechanisms are discussed below. -

A B_.,' FUEL ELEMENT STRUCTURAL MATERIAL

Erdsion and:corrosion. of activated fuel .e}.ement clad(iiﬁg ﬁ1a=_
terial can be-a major ’contz‘vibﬁltor' fto the activity build-up. :Naval Reactors gener-
ally employ alloys of zirconium while the APPR-1 uées Type 304 stainless s.te.-el
for fuel element claddings. Correlation of experimental aétivlty build»up, results
of the two programs should not be expe(':ite'dfo;zv this reason., . Table V shows the

nominal chemical composition of zirconium al,loys(s)‘ and Table VI shows. Type

304 stainless steel. (6) . . _ Y

\A 14
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TABLE V - NOMINAL COMPOSITION OF ZIRCALOYS

'Element Zircaloy-1 Zircaloy-2 = . Zircaloy-3 -

. | . “(percent) - (percent) =~ (percent) -
| sn 2.2-28 - 1.3-1.6 . 0.20-0.30
| S ' 0.20 |
- .Fe 0.04- 0.08 _ 0,,09-.0° 14 - 0. 29 -0.30
Cr ©0.015 max. 0.07- 0. 11 0.05
‘Ni | 0.005 max. 0.04- 0.06 10.05
N - 0.006 max. 0.006 max. | 0.01 max.
-Bal. | : Sponge-Zr - .Sponge.-Zr . Sponge Zr |

- TABLE VI - NOMINAL COMPOSITION TYPE 304 STAINLESS STEEL

. Element ~ Percent
C (max) : .08
M'n,((max) 2.0
Si (max) | 1.0
Cr . 10.0 - 20.0
Ni 8.0-11.0
_S‘(max) - .03
P (max) ~.045 oy,

_Cobalt content in stainless steel is of major importance to the '
activity build-up. In commercial grade Stainles's steel, the cobalt content will
range as high as 0.2%. Since it is of no significance to "the-metallurgical or

‘mechanical characteristics of the steel, it is seldom reported, though considered

15




" a minor impurity. Recently, specifications have been issued by certain reactor

‘ desig.ne‘r.s‘ designating very low cobait'sta,inless steéL ,'1‘;0S produ'ce'. this ty_pe..o',f .

steel requires special batch manufacture with resulting increase:in steel prices. '

Alloys andzimpurities..in,other grades of -s:tai'nless steei and zir-

‘conium‘alloys are:of significance to the activity build-up. Included among these -

‘alloys are tantalum and niobium. Maximum impurity contents for zirconium al--

loys ar‘e‘ shown in. Table vt

TABLE VII - MAXIMUM IMPURITY CONTENT OF ZIRCALOYS

"Element

Aluminum
. Boron
Cadmium
-Carbon
+ Cobalt
Copper
Hafnium
"Hydrogen
Lead
Magnesium
Mangancsc¢

Molybdenum

Oxygen
. Silicon

Titanium
. Tungsten
Vanadium

Zircaloy-2
(ppm)

75

0.
0.

500
20
50
200
50
130
20
50
50

2500

-100
50
100

50

[ &)}

Zircaloy-3
~ (ppm)

75

0.
0.

500

20
.50
200

450

130
.. 20
50
50
2500

o on

100

- 50
100

- 50

. C.  EXPECTED NUCLIDES FROM IN-FLUX MATERIALS

_:Thé activation of fuel element cladding and other in-flux material |

and the subsequent release of these materials to the,jcool'a’nt are major contribu-

tors to. the activity build-up. While these <impur,itie$, eﬁeﬁ, those with rel‘ati\_}ély

. long half-lives and with penetrating gamma rays, do not |

gé_nerally contribute




significantly to the overall vapor container ‘shielding requirements, their pres-

ence seriously complex the maintenance problem.
Some of the p0551ble nuclides. which can result from. the use of
the zirconium alloys are listed in Table VIII. Of partlcular interest, is. that

95 has been reported as havmg been present in any measurable quantlty

only Zr
elther in, the coolant or in the surface dep051ts

Table IX indicates possible. nuchdes whlch could be formed from
58 60
2

. Type 304 stainless steel. Of those listed Fe 5 Mn , Cr51, Co

Mn56 and/or. Ni65 have been identified in ‘the APPRf 1 primary water.

» Co
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Sn

| Sn
Sn

sn’
spl2d

~Parent

ngo

91

Zr

- 92

- Zr

94

dr

96

Zr

Snllz
114
80115
117
118

119

.Sn

120

Sn

122

: Snn6 ‘

_ - ‘Parent
" Nuclide % Abundance

™~

' 51.5

- 11. 2

17.1

17.4

0.38

14.3
7.6

24.1

8,5

32.5

4.8
6.1

104

| (n: ¥ Products) - :
‘- o . - Producty
Product Product Radiations
Nuclide t1/2 (Mev)
ngl | stable .stabi'e ‘
-ngz stable | stable
S 9x10°y  .029
4Zr95 .65d 0.75,0,72,0.23
Zr?" 17h 10.75,0.66
4 SﬁllB 112d 0.26

sn'®®  stable  stable

Sl 16 stable stable
sl?” ;gaile_ 0,162 -
Sn?‘ 18 stable s ftable ,.
sl Siowle  0.024
.Snlzo stable = stable
Snml Z%K - ione |
sni23 12321 1.5

TABLE VIII - POSSIBLE NUCLIDES FORMED FROM ELEMENTS
| OF ZIRCALOY-2 |

' (n-p Products)

0
Y91

92
Y

4
Y
none

l12

Inl 14
115

.In

In

'
w18

119
In

acne -
. none

‘none

. 116

~ Product  Product -

"Nuclide t1/2

64.0h

58d
3.5h

17 m |

2110
14m
49d

M2s

4.5h

54.0m

13s

" 1.9h

4. 5m
~ 1m

18 m

none

‘none

" none

.none -

Product ¥
‘Radiations
{(Mev)
none

1,19

0.94, 0.21

1.4

0.72,0.55,

-1.28

none .
1.27,1.09,
2.1 ,1.5 .

- .16, .56,

. ?'16

 none

none

none

none
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- Parent: %Parenf
_ ”NJuclide ‘.Abundar}c'e‘
F'e54 5.9
e S
Fes’7 | 2.2
Feod 0.33
cr? 4.4
cro2 83.17
Cr53 9.5
crot 2.4
Ni® 680 .
Ni®0 26.2
Ni®l 11
Ni%2 3.7
Ni% 1.0
'Mn-55 100 | _

‘TABLE IX - POSSIBLE NUCLIDES FROM ELEMENTS
‘ OF TYPE 304 STAINLESS STEEL :

(n-7) Products

Prodpict

" Nuclide t1/2 .
Fe55 ' 2.9y
BT
Fe58 . s.t,a‘lple
F? 454
el 214
Cr53 | . stable
Crs'4 stable
cro® 3.6m
Ni59 ' '8x1.04y,. .
Ni®l  stable
Ni62 . stable
Ni°3 80y

Ni%® T 2.56n

56

Mn"~  2.58h

Gamma
Radiation .
(Mev)

none

stable

stable
1.10,1.29,0. 19
0.32

suﬂﬂé

suuﬂe

none

none

stable

stable

none

1.5,1.12,0. 37

0.85,1.8,2.1,3

i e g e e

| n-p Produ_cts

Product .
~Nuclide  t1/2
Mn54 -30(2)::’ln "
g6 . 258h
Mn57 ‘1.7rvn
none none
.VE.)O - stable
v Tim
V53' ' 2.0m
v s5s
co®  714,9h
Co'60 5.2y, 10.5m
co®®  1.65n
co 2 14 m, 1.6m
‘,lno'h,eA ndne .
Cr55 3.6m‘ |

" Gamma .

Radiation
(Mev)

o7

1.2,1.0

none

none



D. NUCLIDES FROM STRUCTURAL MATERIALS
| Todate, aust'eﬁ,itic type stainless ste_'e'l..is‘ the major material of
_construction employed for .réactor primary systems. Minor aiindunit,s of Stel-
. lite, Héynes 25, aind 17 -.4 PH steel are also employed throughout the pr.iﬁ:xa'try.
;system in Naval Reactors and the APP!R,‘ A carbon:steel boiler was alsd_
em_ployéd_“a:,t the S-1-W reactor,: Typic‘agl 'compositions(a); éf these matérigls of
construction are listed in Table X. |
. fTh;a so-called minor impufities which may be p‘r,es_ent., inla.r;;y of
" the matérials of construction have been found to be important. Referenc.é to

,-thev.pre{ri()us statements on‘thé cobalt impurity emphasizes this poitita

. TABLE X - STRUCTURAL MATERIAL COMPOSITIONS

A-212B Haymes 25 Armco 17-4PH Stellite 19
Element (Percent) (Percent) (Percent) (Percent)
C 0.35 0.15 max .07 max = 1.8
Mn - 0.90 1.0 - 2.0 1.0 max '
P 0.04 : .0.04 max
S 4 0.04 . 0.03 max
.Si 7 0.15-0.30 1.0 max 1.0 max
'Ni - 9.0-11.0 3.5-5.0
i Cb-Ta : 0.25-0.45
- Cr } B 19.0-21.0 15.5-17.5 31
" Cu ' 3.5- 4.5 A
Fe ‘Bal. 2.0 max - Bal. - . 3
W A 14.0-16.0 . } 10
Co : ' Bal. . , 52
.. Others » 2

' _E. . CORROSION RATES

| Reporfing of corrosion rates is baseé on either material w’eight_'
. loss or -j_wei_g_ht gain. From the standpoint of - the aétiiizity.b:uild-up, the corrosipn :‘
_relea'se' rate:is of 'prime'» importance. Unlesfs, maferia} enters the coolant, it can

' 20



not be-redeposited,.on primary'systern cornponents ?»As an exainple, austenitic

,Type 304 stamless steel has been reported as havmg corrosion rates of approx1-

mately 5.to 10 mg/dmz/ mo at water condltlons normally found in a pr1mary
system However, the release rate of th1s mater1al has been estlmated as low

as 2 to 3 mg/dmz/mo

The hterature seldon d1fferent1ates between corrosmn rate and

.release rate. In Table. XI, corrosion rates (8, 9)(not release rates) are glven for 4

typ1ca1 materials of constructlon for pr1mary system structural materlals or

. claddmg S1nce the release rates are not generally reported one assumes the

worse case in calculatlons, that being the release rate 1s equal to. the corros1on

4. r_ate:°

F. CRUD COMPOSITION

_~.,‘The'insoluble corrosion release products tend to conglomerate

as a magnetic mass and have been referred to as crud.. The actual experimental

data’'available on the chemical composition of this primary cystem crud is incon-

sistent. Iron compOS1t10ns in the crud have varied from as low as 20% to as high

(10):

as 90%. _Examples of typ_lcal, crud experimental values are shown in Table XII

and XII. . The data is basically on reactors employing zirconium alloys as fuel

.element cladding rnaterialso‘ For this reason, corr_e,lation between this data and

.that which may be expected.frolm the APPR-1 is-again difflcult. It is interesting

to note that the cornposit-ions show little or no ziroonfin‘m ‘ch.ernioally.
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_TABLE XI - CORROSION RATES OF COMMON PRIMARY SYSTEM MATERIALS
EXPOSED TO HIGH TEMPERATURE, HIGH PURITY WATER ;

Descaled

j < ) . Temp - Velocity O2 H2 . PH ~ Corr.Ra e -

Material (°F) (f.p.s)  (cc/ke) (c¢/kg) (mg 1dm“-mo:)
_T304SS. 5000 30 1-5  N.A. T o 5 |
T 304 SS_((TEL.C) 500 30 D. 25.50 7. 5
Tsarss 500 30 15 NA 7T . 5

A-212B. 6000 30 0.1 D. 11 30
A-302 - 600 2 010 20 9.5 72

Zr-2 500 " 10-20 B 100 8.5 5

B 5000 20 30 100 7T 5
'HayﬁeSaés . 500 - 30 N.A. 100 7 - 5
T4108s. 500 1/60,30 15 - N.A. 710 5
‘T440CSS 500 :' 30 D N.A T 15
Symbols: | D }-{ degassed water, less than 0.5 cc of oxygen (STP) per

- kilogram of water
NA - no analysis made for constituent; When: NA .appears
‘in hydrogen column, the implicajtion is that hydrogen
is probably present in the range of o to 20 cc of hydrogen

(STP) per kilogram of water
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. TABLE XII' CHEMICAL COMPOSITION OF CRUD IN A DEGASSED
SYSTEM AT A FLOW RATE OF 6 FEET PER SECOND

. Element - Wet Chem. S0 spect. -
: . (BCrud - (%Crud) -

- o Fe : | 86.2 .. A_'z.-3;"5
N 645 . 105
Cr s e

TABLE XIII CHEMICAL COMPOSITION OF CRUD IN A
o HYDROGENATED SYSTEM ' '

' ' . Flow Ra,te, 6 ft/sec | T “Flow}vRa.te, 27 ft/sec- .
_'Element ‘ Wet Chem. : Spect. . Spect. =~ Spect.
. (% crud) " (%erud) -~ %erud % crud. . .

Fe 60.0 7.0 749 . . 80.6 B
N 6.68 5.0 T 6.21 2.98

Cr 3.11 5.4 13.0 7.25
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S OPERATING REACTORDATA

A OBSERVED NUCLIDES IN COOLANT

Data have been collected on nuclldes experlmentally found to be

.present in the coolant of the S-1-W and the APPR 1 For tl'us report results

| obtamed through APPR 1. 700 hour test are glven Data from the S 1-W and the

APPR 1 can not be d1rectly correlated due to difference 1n the materlals of con-

, structlon, core claddmg and other physmal and chem1cal characterlstlcs

!

Table XIV 111ustrates the percentage of long-=11ved nuclides found o

in the crud of the b 1 W(n) and the coolant of the AP?R (7) Since the dnalysves ‘

are on a duferént ba31s i e ; crud versus coolant 1mpur1ty acfivlty, the results

.can not be quantltatlvely compared Of partlcular 1nterest lS the larger total
4 cobalt percentage found in the APPR-I system ThlS may be partially due to the

. d1fference in assay techmques

Manganese act1v1ty was not found in the S 1-W q:rud but only in

solutlon and, therefore, it is assumed all corroslon products of manganese are

v

in -solu,tlono Smce 1t is soluble, manganese 1s frequently used in calculatmg re-

,lease rates. By assummg that the corrosion. products have same chemlcal per-

centage as the base metal determmatmn of the manganese act1V1ty can be cor-
related w1th the release rates Th1s assumptlon has not been found to be com-—
pletely valid, ' | .‘ - |
' In the S-1-W, the large hafmum act1v1ty results from abrasmn
of: the hafnium. control rod rubbmg shoes. Hafmum 1s not used at the APPR 1

and this actlvity along thh the Zr95 act1v1ty would not of course, be present
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. TABLE XIV OBSERVED NUCLIDES - =

L s1we
‘Nuclide : - % of Total
8 T 19

Co58 | ‘ 5.5
terdlt - A
s - 0.7
Fe® - 0.7

‘1181 (175) '~ 53.3
~Mn54 ‘ -
Total ~ 80.8

*  insoluble.crud (average of nine.values)
** _circulating water and crud.(average of six values)

. APPR-1**
"% of Total

5.4

0.4

7.3

14.2

77.3

At both the S-1-W and the APPR-1, the major contributors to the

total long-lived activity results from only a few nuclides. . Thése»nuclides result

- from impurities in the maferials of construction and again illustrate their im-

portance.

At the end of the S-1-W first core, the plant was shut down, the

-water ‘drained and a carbdn steel boiler was installed as the port boiler:for ex-

perimental purposes. At this shut-down, significant debosﬂits of éctivity were

_ observed in the starboard sfainless steel boiler. An external dose rate of 300

mr/hr was measured. (12); Nuclideé identified in the deposited material included

59 18 182

60 58 » Hg 1 and Ta™ " “..

Co 7, Co 7, Fe
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B. APPR-1SURVEY DATA | | |
" Deposited actmty was observed at the APPR-I after the 700 hour- |
full power tegt. Survey data from the first shutdown and one subsequent shutdown' ‘

are presented in Table xvi13)

TABLE b. 4 SURVEY DATA FROM APPR«

e . Dose Rate (mr/hr), » Decay Data
Location of . First * Second * * First L ‘Second .
Survey Point . Shutdown 'Shutdown:; ShutdoWn o * Shutdown -
. S ot : X S
A o »_ '.Totsl t1/2 “Total *t1/2
Flow Tube . 150 10 - 62 170 hr;; 6 - . 3hr
Taps C L% T Thr 40 long
Bide of Steam | 45 24 50 8"1 hr 46 - 245hr
Generator ~ ~ 80T 3hrt 54 : 5hr
Pressurizer - 310 B 110 o 1 cqmponent :‘ltcﬁmlionen't A'

Elbow . . “ 1ung-lived o f'long-f‘li»-ved'

-* - Corrected to 30 hours after shutdown Flrst meaSurement 32 hours aiter
shutdown _ - :

* % Corrected to time of shutdown. First measur%emen_t?S; 67 hou"rs afterfshutf |
down. ; : S AR

R

For both‘shutdowns prlmary water was present in the system
~when the survey was made. After the flrst shutdown, whlch occurred at the end.
.of the: 700 hour test the system was dramed to demonstrate (as pa\rt of the con-
tract) that a tube m the steam generator could be plugged When the head of the i
steam generator was dropped the dose rate from the depQ81ted materlal was i
measured at levels of 250-300 mr/hr (13) The same approxunate dose rate wasf

measured emanating from the tube bundle.
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| Some tentatwe observatrons for this. APPR data are given. belouJ )

'A 1 ;A quant1tat1ve and qualitative: difference existed for the act1v1ty
deposrted throughout the system These drfferences are shown
by. the decay data. shown in Flgure 1 and the dose rate readmgs
in different parts of the system.

2. The deposrted activity is partly composed of a loosely bound
film and-an adherent ‘fllm'as noted by the decrease rn,dose: rate
level afterf'the second shutdownat‘ Some of the loose bound.film
must have been removed in draining the system during the._- shut-

- down. - | | |

3. The remammg deposited film evidently is sufﬁcwntly adherent

| to remain after draining the system
C. DEPOS_ITED ACTIWTY
. - {19

. Radiochemical data obtaine during the_ period from May '28,
1956 to August 11, 1956 'at the S-1-W are summariz;ed in Table XVI. For the -
-results. shown, three values were obtained of thej. c_p'm/‘m'g?:‘ for the SFR edge bond=-
edé:sub-assembly wipe sample of each nuclide. . The smalt amount of crud collect-

ed.was. not weigha‘ble and as such did not allow direct spec.ifi_c activity determi-

nations.
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|/ TABLE XVI. WIPE SAMPLES FOR SFR EDGE BONDED SUBASSEMBLY

| Activity - o Activity
. Nuclide ~ . (cpm/mg) Nuclide - . (Cpm/mg)
. | 8.35x10° o asmo®
c® . s oz 4. 24x10°
| o 3.e6x10° | 2.04x10°
o z.04x10% 2.78x10°
Leo® T pooxe® Fe® 0 2.74x10°
| S seexio® 0 rsod
| o a0 o s
e ama0® BT g
| | B 2.06x10° | :2.48x106,

Wiée samples can generally only show the activity of the lobse' |
'.depo'sits° It is. coﬁce.ivable that the adherent film might have diffefent,comﬁb-
sition;fhan'tﬁis wip‘j‘é sample although experimentél dété is iacking. to demonstrate
thlS point? |

Table XVIIL shows results(l‘s‘) from this same operating per'iod: on
‘water and crud.. Of interest is the ratio of crud activity to the total water aﬁd
crud. activity. Of 1sign,ificance is the wide variation of the ?)ércentage of crud
activity in the water, rahgingfr'o.m 25 to 100%. ,Shoqldthé former value be f‘;om
‘rect, it would appear that the purification systefﬁ sees nio}re soluble nuclides than

.insoluble.
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TABLE XVII RATIO OF CRUD ACTIVITY TO TOTAL ACTIVITY

“Total Act1v1ty : i‘ Crud Act1v1ty © .- Ratip of Crud -
(cpm/ml - " (cpm/ml R ) Total Activxty
2500 - R <o T%6 0 ~_030 |
1990 - - : 504 . .. o .0.26.
1410 . ' - . 495 oo - ..0.35
1850 T 1 & - 0. 36
2142 ’ B : . .160" L .0.35
1820 S 878 ' L - 0.48
. 850 . - ’ © 960 - L 1,01
- 1150 [ ' 625 0. 54
1210 o . 863 . - 0.71
. 1440 o ‘ _ . 950 - 0.66°

D. . CARBON STEELVERSUS STAINLESS STEEL ‘

- | Slgmflcant drfferences at the S 1-W have been observed on both
, the deposltion and the radlatlon emana,tmg from dep081ts on the c,arbpn steel |
| b01ler as compared to the stamless steel boiler. F1gure 2 1s a graphlc presen- :
tation of act1v1ty observatlons(l 6) durmg operatlon for the two types of heat ex- |
changers.:
| Deposmon occurred in both heat exchangers and the external levell
"was a functlon of power level T_hecarbon steel port heat exchanger had no a_c-,
tiVity at the beginning of the.test so the build-.up is from time Zero. Of interest
is the stainless steel heat exchanger, whlch already had prlor deposmon yet the
difference in level d1d not increase during subsequent runs, |

Measurements on the two heat exchangers(jl» ) for external,dose

rates and type of deposition are sunlmarized in Table XVIII
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TABLE XVIII . CARBON. STEEL VERSUS STAINLESS STEEL

| Paréine_ter‘ .
Nature of deposit

'_‘I"l_iickn'ess‘ of deposit

:External dose rate; ...~

‘Tniternal dose raté :

‘\

)

HEAT. EXCHANGERS '
:,Carbon Steel

Loosely adherent

500 mg/dng on inlét to
10 mg/ dm .on outlet ‘

250 - '35(), mr/he

/

Inlet 2.5 - 10 r/hr /
Outlet 1 r/hr '

Stainless. Steel

‘Tightly adherent’

. Thin, uniformly
* distributed

350 - 450 mr/hr-

- Uniform - l_r/h,xj

Th_ejéc‘a_rbon steelixmit hasii'a..loosely hound nq,h'-uniform deposit

and the. deposit waélarger :inqua;ntity than thét jh the stainless steel unit. Since

- the corrosion. rate of carbon ste’él is higher 'thén. that df stainless steel, the:larger

am_oun_t of deposits is gxpeci;ed,- The spec,if,ic activity of the carbon steel deposits

was lower than that for stainless sgeei, but the product of épecific activity and

quantity- contributed to a larger total amount of overall a‘ctivity-ttha’n" that for the

stainless steel. Alt,héugh' &he total carbon steel activity was larger than that of

. the stainless steel,j,ms external dose rate was.lower than that of the stainless steel

heat exchanger.

.- Table XIX presents data on the corrosion rates of carbon aad

- stainless steel with.&he relative amount of crud resulting from both of these heat

. exchangers. The higher corrosion rate-for carbon steel ovérshadows the small

-~ tetal surface area sufficiently so that the chemical composition of the circulating

crud majf pé contro;lled by the carbon stegel cofro_'sion product composition. :
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'TABLE XIX: EFFECT OF CARBON STEEL ON CIRCULATING CRUD

-Relative ' CorrosioB Rate Amount of

Material - - .. .. Surface Area. . - (mg/dm“/mo) . .Crud(Relative)
CarbonSteel = . - . .23 - . . 3 . . . 6.9

. Stainless Steel© . . .77 R . .3.85 . .
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IV. POSSIBLE PHENOMENA;IN AQ’I}IV;ITTYfI_B_UILD‘—U;P.

_' Varrous mechamsms have been proposed as poss1bly causmg the actmty
bu11d-up on. prxmary System components These 1nclude such phenomena as
depositlon platmg, and atom exchange All of these, at thlS time of wrltmg,
can only be conmdered prehmmary theorles with. 1nsuff1c1ent ev1dence to Support :
any particular one as the ma]or phenomena It 1s extremely doubtful that any con-
‘ _ ..cluswe mechanism wﬂl be- formulated unt11 more exper1mental results are ob- |
: vtamed | ’ | | |

'  DEPOSITION - | .
Early in 1956 data collected at S I-W was mterpreted(w) to
'1mply that the spec1f1c activity of lightly adherent deposrts ‘on a removable sub-
. ass-embly'was of the same.order of .r_nagnltude as.the spe,c‘.lflc‘actw;ty of clrcu-

: lating crud. WAPb subseouentl‘y :lnitiate’d a s'tud'y‘io'n the .aetivity transpo;rt phe-
nomena in which additional quant1tat1ve data’ were obtamed to further lend cre-
dence to these observatlons In the quantitative study, the spe01f1c act1v1ty .of
‘ the deposrted mater1a1 was studled and compared to values of c1rculatmg crud |

spec1f1c activity as shown in Table XX (18)

34



__TABLE XX SPECIFIC ACTIVITY OF CIRCULATING AND DEPOSITED CRUD

. | Range,SA (dpm/mg) Circulating  Ran /mg) Deposited

| Isotope ~ :Upper Limit  Lower Limit - Upper Limit - Lower Limit.

. Ceo® } 4.41x10%  5.11x10° ,5'_.:94.x1.05_ o '1,56x105 -
7:"C058 " LéSxiOG : 1.(5-3:('41.05 : 1-.'.07fx10§ o 3‘,8;'_3x10‘.l
o™ st 5 sea0t 1eaxio? 3,68x10°
_.-Fe-sg 11.0 x10‘1 '>3.99x104 3(,90:{104 o 712x10
Cz® 13°§'x10‘4‘.“ 2.85x10% . 2.12x10% 9. 10x103
e s xa0® nsmao® o emexi®  1.76xa0?

Although these results appear‘»t‘o.' support th:is:theory, the .data:

| ‘was. obtamed by smear samples The loosely bound mater1a1 may be related to

“the C1rcu1at10n crud specific act1v1ty but whether or not the entire depos1ts follow

‘this correlatlon, only extenswe experimental work will determme o
In this same WAPD study 1t was stated an mverse relatlonshlp -‘ |

existed. between activity crud level and crud spec1f1c act1v1ty (19) The data is

shown,m: Table XXI°
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TABLE XXI RELATIONSHIP BETW EEN CRUD LEVEL AND CRUD
‘ SPECIFIC ACTIVITY -

Crud Level . Crud Spec1f1c Act1v1ty
(ppm) - SR . (cpm/mg) )
10.13 B 5.75%108 .
.0.07 » B 1. 08x10"
0.0 © 1.80x10"
.0.023 3 bx0”
002 . a75x10"
o018 - .51
‘0.018 3.75x107
10.016 4Tx10]
10,016 6. 0x10"
,[.o.jo}13' 6,7§x107 -
0.010 " 6.25x107

_ F:!rorh_ the data, it éppear's that additional é#perimental data is
needed. to.confirm A_this\ ob,se_rygt'ionn Should specific activity be aAcldntrolling'
factor rather than total circulating activity which is the prbduct of specific |
'-act1v1ty (dpm/mg) and crud level (mg/ ml), and if this inverse relat10nsh1p exists,
the effectiveness’ of the pur1f1cat10n system mlght be S1gn1f1cantly reduced.
For:-thes S-1-W system, the average mcrease in activity per sz
‘dt'xr,ing; this study interval multiplied by~the total surface a‘u%ea‘ gives a value for

, tbtal deposited activity which is about twice the amount of éctivi.ty removed by

-the.demineralizer in the same interval. Combined W,ith_,_the observation that
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| 'actji\{,ity-.infthe lovzéier.: level reactor compartment incfeased_:by a factor of two in

fthegsameinterval' this Was interpreted to mean that the purification isystem and
the’ system walls. were about equally effectlve in removmg act1v1ty durmg the run,

s }ThlS 1s the baS1s for the 0 53 factor used in the WAPD equatlon Wthh W1ll be

o dlscussed later

B, EX.CHA;NGE._REACTI'ONS.
1 EaSic Phenomena'
| The other phenomena Wthh may be unportant to the act1v1ty bulld-
up i's exchange Exchange lS defmed as a chemlcal reactlon m whlch 1sotopes of
an element 1nterchange between one or more chemlcal forms of the element The
.:, dr1v1ng force for the reactlon is entropy Exchange react1ons are classmed 1nto
two ‘major. types homogeneous and heterogeneous ‘ |
- (a) H_omogeneo.u_s Exchange:
An i’example-of homog'eneous exchange: is the reaction between
actlve lead,nitrate and inactive lead chloride in water »solution. .
Pb (NO3), +.Pbc12‘:__+Pb(No3)z . i1>:b*‘c12 | |
| .These»reactions are often characterized by the reactants being
evenly d1str1buted in.a smgle phase. All the atoms inVolved are
.chemlcally equivalent to one another and the reactions’ follows an
exponentlal rate law. The actual exchange may be acc_pmphshed
by several paths including dissociation, elefctron‘ transfer, ‘and
ato_m tr'ansf-ero | ‘ | |
(b) Hetierdgtane_ous Exchange:

. This type.- of exc‘hange is exceedingly c‘-omplex":and,takes place
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where the reactants are in different phases and unevenly dis-
Mtr,ibﬁtede An example»would’lbe'the{exchange between solid.co-

“balt hydrox1de and radmactlve cobalt in so],utxon (20)

- Co(OH) 3(s) + c‘;“:*'** ::: qo* (OH)3(s) + cb*_*’
.Héterbgeneous exchange reactions _':do not fellow any{simpl'e.'r.a’te
‘- léw, . The actual exchange may pro?:eed'it_l two steps. The initial .

step involves a.rapid'.exchange at the phase interface. . This is"
follow"ed bya slow rate-determinirfg step wherein the exchang"ed
atoms are mcorporated into a solid phase- by the process of self—
diffusion and/or recrystalhzatlon ‘ The actual path will depend
upon the partieular system i.e., sohd-sohd,. sohd-hqu1d, solid- |
gas, etc. |

. The rate with which preeipitated Aé Br exchanges with the eom-
ponent ions is differenf for the-catfbn and aﬁidnn The interpre-
tation for the 'slowe'r Br~ 'exchénge;rat'e is that the rate cohtrolling
' step. is recrystallization, For. A'g+‘:' exchanging‘w_ith‘the same pre-
,cipitajte,- .the- increased.réte is explained by more rapid incorpo-
ration into the éolid phése as a res:,ult of reérystallization plus

 diffusion.

. - Evidence for -Exchange:

. The observation. that the circulating crud and the deposited ma-

-terial have specific activities of the same order of magnitude may also be ex-

plained by an exchém'ge mechanism. Preliminary?informatioh indicated that after
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.jcomplete descalmg, actnuty was found on the base metal 1tse1f perhaps several
.,atomic layers below the metal surface |
3. Addltlonal Stud1es |
In reactor systems, the exchange may take place between a
,sohd state: dlspersed ina liquid and sohd metal surfaces No pubhshed studies

60

were:found on. this. type of exchange Howevery the exchange of Co m solutmn

‘:w1th varlous metal surfaces has been mvestlgated (21) In thls study, ‘small metal
. test specimens were placed ina water solution of CQ6 SO4 (50, 000 cpm per cc).
The reaction vessel was so desrgned that oxygen could be: excluded After var1- A
ous. mtervals of tlme,, test spec1meqs were removed from the active solutlon,

washed, dr1ed and counted Some data from this study are presented in ’I‘able

XX,
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TABLE XXII HETEROGENEOUS EXCHANGE OF Co

Surface

18-8.88 .  Etched
. Etched air
5 min.
. Etched air
1 day
- Etched
Ground

Time of
. Exchange

1 min.

5
- 30
120
1,440
2,880
120

120
120
120

15

120

. ,Specimeﬁ:n . Treatment
. Co " " Etched
.Co - Ground
a 000 |
¢ (thermally etched)
Co . Cold rolled
i (etched)
'Ni ' Cold rolled
(etched)
Ni  Cold rolled
= (etched)
HF
Fe  Coldrolled
Fe  ° .Cold rolled
Fe : Ground 000

120
120
120
120

120
120

WITH METAL SURFACES

' Act1v1ty (cprﬁ) N

Present

Oy

2, 600

20, 300

32,000

- 50, 100

52, 200

40, 500

53, 300

44, 500

47,000

49,000

70,000

103, 400

106, 000 -

550
340

100

920

16,500
40

‘Absent

9,600
11,800
16,000
' 17,700
20,300 - -

24, 200

10, 500
2,350 .
8, 600

32,200
53, 400

12, 800

1,700

SO4 IN'SOLUTION

" Atom Layers/cm?
. Present = Absent
.26 --
2.03 0,92
3.20  1.18
'5.01  1.60
5.22  1.80
4.05 - 2.03
5.33  2.42
- 4.45  1.05
4.70 .235
4.90 .86
7.0 3,22
10. 3 5. 34
10.6 1.28
.053 - . .17
.034 --
.019 -—-
.09 -

1. 64 .014
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nism operative. On the other hand, the presence of Co

steel boiler indicates. that this mechanism may be a factor- to _con_sider_;'

Thejﬁ folchiri,g conclusions were drawn ?rom' this data:'~ 'i

| The*posit‘iqn»of the metal ion in solution in the E. M. F. ‘Table
. r‘ela‘;,t,iv'e,to the solid phase metal markedly affects the amount

- of qxchangeo 'Metals more noble than the mé.tal ion.in solution

acquire less activity. Irom, which has a potential of £ 0.44
v,ol'tfs, is the only metal which is less noble than cobalf (potential

#0.28 vo.lts)‘- and it acquired the grqat‘e_st amount of activity.

: -The.; influence of 02 depends upon the natufeA of thq.o,j;idé film

fo.rr'fx.jled., If the »QXide' film is not protective, oxygen increases

' th-e-émotirit Qf, acti-vity-in the metal. 'A prgte'c:t.iv.ef oxide film '

markedly decreases the activity by limiting the areas where
_ele‘cAtrOIysiis. can take place. |
R.a.djoactivity- ac’:qui’i'-e'd_ by metal surfaces is igove’fned -by‘lob.a,l :

anodes and cathodes of the metal surface. This is shown by

the marked increase in-the activity of the ground stainless steel

>sa,mjpleo

Of importance is the fact that by this electrdlytic mechanism it

. is.not necessary to have isotop'es of the same element. However, if these ex-
'periments co,uld be extrapolated to .reactor conditions, it would be expéctedthat :
,éobalt activity oh the carbon steel exchanger would have been much higher than

.on the stainless steel. Since this is not Qbserved, this can not be the only mecha-

60 activity on, tiye carbon
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\'S PARAM‘ETERS AFFECTING DEPOSITION
' As, a result ef fhe Iitera;tdre survey and.'pexc:sonal cqntaets,‘ many
_ differest pe.ratﬁeters are believed to contribute to tl‘ﬁle‘ acti{zity’buﬂd=upo As
would. b%é expect‘ed{.in attemptihg to define a new pheﬁemem‘i,' considerable differ-
| ences of opinion.exist on what parameters play a Signifie'ant part "in,contr,il)tuting
_to-the actlvxty | | |
A. PURIFICATION
A All pressurized water reactors, either in operation or beiﬁg de-
signed, ’employ a by- pass purification system to mamtam h1gh pumty water,
Although equlpment variations exist in the d1fferent by- pass pur1f1cat10n systems,
they are basically very snmllar Some systems employ a high pressure by~ pass '
system wh11e others, as in the APPR, employ a low pressure by pass pur:.flcatlon,
It is. doubtful whether the differences in pressure Wlll affect the act1v1ty bu11d-up
in any r.espect., :
. Thé basic premise for the purificatien sysﬁem,ffom, the standpoint |
- of the aetivity,buildmup is that a reduction in the totel activity will reduce the totel
amount %of bui1d4upn : Conseqeently, the more effective fhe' purification, the higher
reductic}n, in the build-up of activity. Reducing the total circulating activity Weuld
appear: to reduce the total buildéup on the primary System c-omﬁonents, 'Many
-~investigators hpwever, are not in agreement with this last statemento : Th‘ey‘ con-
.tend_tha.it the specific activif_cy-(dpm/ mg) is the prime important fgetq_; aﬁd'- the total
activityiis of no major consequence. It has been stated e\';en by some that the pufi-‘
ficatioﬁ%system is .of no value in relatiori_to t'hea_ctiv,ity build-up‘pr'ogra,m; Obvi=
ously, (i:ons-idel‘rablelconfusion exists on the ,effect' of this one parameter alone.
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‘In_‘t}'ne. design_ of_ a purification s_y.vstem?‘ unﬁog{tuhately;the locéti_on
.of the b»low-':down;tin_e‘ma,y be given only »c_urso.ry.gonsideration., If the; blow-down
-line is inserted in an.area where repres e;ntat_iv'e portions of the main ﬁrimary
) wa‘te_r are not removed, tﬁ‘e:puriﬁcatibn effectivertes's” can Ee. reduced,- A d_eé
términed.effort should be made to place the blow-down line so as to rémovg.;‘epre-
ée,ntati{r.e sampleé frofn the _primary loop.

Since many; of the corrosion products have -b'eep,found.t() be insol- |
‘uble, the prime factor. in the purification system is the filtration'ability i‘t
ability to remove. the insoluble materials may be related d1rect1y to its ab111ty to
.remove activity. Studles were performed. to show the effectlveness of f11trat10n '

only in removing actnv1ty Table XXIII presents some of th1s data (22)

.'TABLE XXIIl EFFICIENCY OF FILTER FOR REMOVING ACTIVITY

. Filter

Efficiency
Upstregm Downstream = (% Removed)
Long t 1/2 (cpm/ml){120h) 1. 5x10 0.6x10¢ - 60
'Short t 1/2.(cpm/ml)(5 min) 3. 3x10% 2. 8,x10,4 | 15
Specific ActiVity,~Crud"(cpm/rhg) 8-10x105 2x10l5 ' o
~ Concentration: Crud (.'ppm) - 0.12 0.05 - 58

Of interest in this study is that the major portion of the.short

- half-lived nuclides were not associated with the insoluble material whereas the
‘long-lived activity was at least 60% associated with insoluble 'productsf, A filter
_could conceivably serve as the entir;e purification system 1f the porosity were fine

enough to.remove 100% of the insoluble material with acceptable pressure drops..
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It .i_s,..inte;rlest‘cing to SQeéulatetonathe.@bs'érved,d‘nan_ge in specific a;c;tiyiﬁy'ngted.
Eithgr;t}jlle‘ﬁner particles, which are not remaved‘by.the f_iite_:_r have. léss ‘ac"t,i-viz"gy
‘per unit '\veight or the. f.iltér:,itself A:is adding nonactive. insoluble prOducts io"fhe,"
:system. | | | -

The most com.monly used me&hod..in( reactor operations for re-
nﬁ‘oving; fmpu;:ities from water is demineralization. Although a demineraliier is
designed;to remove soluble activities by exchange, it also serves as a.very efficient

: fﬂter° . The efficiency of the demineralizer in removing aciivit&»is determined by |

the decoritamination factor which s the ratio of influent to effluent ac,t,ivi-t'y,

1
¢ !

- Data is presented in Table XXIV on the performance of the de=
mineramer at the APPR-1 during the 700 hour test. (33) At.the APPR-1, the de-
mineraliger acts both as a filter and an exchanger and consequently act_ivxty is re-

move}dwliﬁether it is associated with soluble or inscluble products.

TABLE XX1v- DECONTAMINATION FACTORS DURING APPR-1
700 HOUR TEST

f-ﬁquivalen& Full - Upstream . Downstream Decontamination

Date Power Hours cpra per cc cpm per cc Factor .
June.4 ' = 154.5 18, 350 - 206 . 89
June 10 220.8 43, 100 520 83
~June 11 240.9 - 46,700 229 204
June 11 . 244.6 55,900 - 337 -+ 166
June 14 - 319.3 .49, 250 436 113
June 22 .490. 9 83,700 258 325 -

June 26 |  588.6 56, 700 160 354
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B. | HYDROGEN EFFE'CT
Control of . the corrosxon release products W111 control the. rate
at whlch activity enters the system At the S l-W the HZ concentrat1on(24) was
'::‘ found to affect the. act1v1ty level as shown in Table XXV A low H2 concentratlon
apparently increases the short half- llved c1rculatmg act1v1ty ‘but decreases the _
ispec1f1c activity of the crud Other operatmg data 1nd1cates that hydrogen affects
,,the nature of soluble and msoluble corrosion products, partlcularly w1th respect
“to crud 'f1lterab111ty. |
_TABLE. XXV EFFECT OF HYDROGEN ON: SYSTEM ACTIVITY
: (55~ 60% Power) '

Hydrogen. ’Conc' entr.’atlon

Activity S R 100 cc/kg 10 cc/kg
éShort-lived'water a}‘étivity,' ¢/min/ml - 3.5x10% »'6-=10x104~
. Spec;.Activity of crud,' ¢/min/mg 8-10x105'_ . 4 1‘(1-05”
.’Lo.ngi-l_iv,edl _activ.i,ty:j in water | '~ _ Varie_s as -the crud level

- C. . EFFECT OF pH
| In conventional boilers it is standard practice to maintain hi‘gh
Ap'H levels to minimize both corrosion and. deposition_of magnetite -on_system
‘_ surfaces such as boiler tubes.. Corrosion in condensate systems has been m1n1-
_}-mlzed by raisingthe condensate pH. Recent mvestlgatlons at KAPL and Batel
‘ have shown that ferrous hydrox1de decompos;tmn 1s not the rate controllmg step,
suggestmg that the react1on of metal with oxygen or water is controlled by a dif-

~fusion process.
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The role of pH on carbon steel corrosnon has been’ demonstrated

by, recent tests(26 27)

Figure 3 compares 'the descaled.eorro‘smn rate of carbon
_steel in ;_high;tempera'ture water at neutral and high pH; High pH re'du(‘:ed:.th.e ’

. corrosien rate of all carben sfeels tested to about 40 mg/ cimz/ mo after 1000 ﬁours
exposure, . This is equivalent to apbroximately 0. 00,02..Ainehes of steel metal loss
per year. |

o . Early-observations fmA- test Seﬁ:-ups such.asﬁ t}nose at Chalk:‘l'ziivei"f,j»
indicated tha_f ,pH.centrol produced favorable results. Coneide;able e‘ffprtlh.aef‘

. bee_ﬁ ex;;ended byt}le naval nuclear propulsion pz"ograni\ to determine; the effect
of pH on corrosi‘on.in_a pressurized water reactor primary system. . Generaliy,
high' pH '(( 10 to 11) has beeh fouhd to have a beneficia1 ’effecjt‘ in reducitig_fhe quahtif'

-ty of cox:'rosion products released in a.ri in-pile stainless steel system. . T-hi_s_ of
course x;ouid.affect the total activity deposited on prima,r‘yls,ystem cbmponents.,

l The yield of transporfcable corrosion products‘(%) is much lower

-at high pH than with neutral Water and high pH inhibits the deposmon of crud

. This. mhibltmg effect is shown in. Flgure 4., Compared. to neutral water, the
_corrosion. film is qunte thick. | | | |

. Operation of the S-1-W has shown that high pr not only'r;educes
the'q'uanitity of corrosion products released to the system, ;but those »gha,t are re-
leased azre more filterable... These in-plant tests 'a_lso.demfonstrated.that ﬁater |

. dissoci‘ai:ion, was net increased and that mechanism perforexance was nof a‘.ffected,

- Except for an acc‘eierated- corrosi'onen,chrome-p‘late when oxygen levels Werel
above Oofl,cc/kg, operétion at high pH ha,s been quite beneficial on general system -

‘perform;ance., |
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SAMPLE WEIGHT GAIN MILLIGRAMS

F|G q.

VARIATlON 'OF DEPOSITION WITH SOLUTlON

SOLUTIO COMPYTED pH
NCENTRATION | AT SQOF
‘ WATE ,
35 X 10- SMNH,4O0
18 X.10-8|ML, X
15 MH,. BO |
30 .28 MH3 B0 ®
| .35 MNH,OH ‘
25 . ‘.I5 Haz BO
O73I M .
i .0015 Mu’o &
20
\
\
SINGLE ACID \ MIXED ACIDS
‘OR BASE AND BASES
5

oH AT B00 F
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4 D EFFECT’ OF IN PILE VERSUS OUT OF PILE AREA
| | The relatwe unportance of "in flux" materlal compared to ma-
~ter1al or1g1nat1ng m "out of flux" regions towards the total system act1v1ty has '
"not been estabhshed WAPD and KAPL d1sagree on their relative 1mportances
.WAPD reports that "The contributlon to depOS1ted act1v1ty from actlvation of
'iclrculatmg crud produced by corrosmn ‘of non- 1rrad1ated surfaces has been neg-
ilecte‘d i On- the 'other hand 'fKAPL in connection W1th the SAR prOJect 1s ‘con- -
: s1der1ng "out of- flux" regions as a s1gn1f1cant if not controllmg, factor
The 1mportance of the area ratio is emphaswed in the select1on of
- materlals of constructlon Smce cobalt is a chief offender in. the actwity bu11d-=up,
its eliminatlon from all of the materials of construction would essentially ehml-
nate the Co60 presence ThlS approach will be extremely tcostly
| If 1t appears that the WAPD statements regardmg the contr1but1on

of "out of flux" areas is valid the ehmmation of cobalt 1mpur1t1es in the high flux |
areas would essentially eliminate the Co60 problem Should 1t be. the KAPL as-
sumption, that is 'va'li_d, then the ratio of the "in flux"to ".out of flux'" area is im-
portanto Parameters .nec;essary" to evaluate the contribution of each a_rea '-include\
4release 'rates, resident times 'in.high flux areas, and redepo,sition rates. . 'The
.ratlo of the specrfic activity of the released materlal from the- "out of flux" area

to the specific act1v1ty of the released materlal from the core area may be the

COntrolling'factor L1ttle data is avallable, .,z‘ Ay, to predlct what spec1fic ac-

tivities would. result from the d]fferent areas. | |

_E. DEPOSIT THICKNESS
. Thegcrud deposits that have 'been repo:rted descrlbe this 'material
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as a bleckladherept.fiilm of magﬁetite structure. ItF is of timiform thickness and

| in -flu'x:' surfacesA have been found to have a thicker layer-t}xan« that deposited,on.
Aout-of‘-flux surfaces for ancaloy In-pile specimens were reported to have a -
coating four times thicker than the- out-of-flux surfaces. (2 ) Although the work
‘was reported on zirconium coupons, it appears that a snm_nl,a,r effect occurred on
| etainlees steel. .‘A thicker de@osit occurred on zircvonium‘tha‘n on stainless steel.

Water conditions ‘uch as gas coneentrétions,' pH, and temperature ‘e.pp:ear to

markedly effect the deposits. | :

Based on in-pile loop studies, KAPL“O) believes that an active
equihbrxum thickness does occur and that a.fter a certain time period this active
ethbrium thickness of .25 mg/cm is obtained Although the thmk.ness reaches
an ethbrmm its specific activity centmues to build up with time.

. WAPD does not agree that an eqmlibrmm active thickness is reach-

ed and tha{c deposits do. contmue to build up with time. In theu“ calculatlons(m)_

2

for predlctmg.-the activity, a,thnclmess of .42 mg/cm“ was assumed after five '

years of PWR operation.
F. SPECIFIC ACTIVITY
| - The specific actcwnty of the circulating deposits is 1mportant
whether the phenomena be deposition or atom exchange. I the material being
-deposited or ’replaced on a surface rises frorﬁ crud with a higher s'pecifi.c activity,
the ..ineviitab,le outeome isa highex; build-up. The total amount of 'aeti'v.ity,’ is the |
product of specifie activity (dpm/mg) and total amount of 'material ((mg.), If the
spec.ific:lactivity of cifculating and deposited crud are of the same. order of magni-
tude and. if the rate of build-up of deposit »thickness is known,~ a sirriplified
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prediction of -the: tctal eXtent- of actfvtty build-up Wodld“res'ult From the data
presented between the levels of the circulating crud and 1ts spec1f1c act1v1ty, it
. is too premature to def;mtely state tl_le‘relatlonsmps-between the. two., |
G. . EFFECT OF FLOW RATE o

The effect of coolant flow rate on deposmon is unportant Un-

fortunately, data available to indicate quantitatively what its effect will be is. lack-

ing. In stagnant areas, the deposition of crud would be expected to be greater than
in the hlgh flow areas. As an example.of the deposition which mlght occur at stag-
nant areas,exjef,erence is made to Table XV of dose rates after the,700 houc test at
APPR-l. In;:the p-nessu-rizer' dead leg area, essentially no flow exists, andiz_t_he
large deposns resulted. These so-called crud traps probably ex1st in many areas
of all reactor designs. | |
'H. OTHER PARAMETERS
" In surveying the hterature and as a result of personal contacts,

very-little information was available on the following parameters:

1. Effect of temperature.’
2, Effect of surface finish.

- 3. . Effect of pressure.
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V1., THEORETICAL PREDICTIONS

A, GENERAL
. All present methods of theoretncally predlctmg act1V1ty levels
depend upon the. simple material balance i.e.,
_ Rate of accumulation.= rate of fofmation-; - rate of decay.
- gen,ezja;l_ Qué;l_itative. discussion.of £he phenomena involved will be given aﬁd;two
represente,five eqﬁatioes der,ived and discussed.
‘ _1; . _Rat:,e.' ef Formation
| - Th:e.',dg.ta which Afornlls the basis upon which various phenofnena'
,havebeze'n' postulated were discdsseei.in a previous se(:tion‘° In this section, the
parame;;ers are_. separated to determine their individual effect on &e activity
" problem.
| As previously mentioned, - the two moreiinbortanf mechanisfns
by ‘whic:h.radioactive-nuelides are added t.oAthe system are release.of active
nucl_ideé.from -ivn-f_lux,surfecee and a:ctivation' of corros,ioe products released ‘
eirjom structural niaterial's while fesiding in and.circnil_at_ing through_f‘lu.x,r_‘eéions,
. For ‘prc;duc‘ts releesed from in-flux surfaces, the specific activity (dpm/mg)
approa,ehes..its saturation value according to.the fellov}ing reletionship: '

A = No V""¢-(1 - e'mt‘), where:

A = number of active atoms
No = number of parent atoms
= activation cross section
¢ = neutron flux s
A= decay constant
t o= time exposed. to flux

52



4 Conversely, the short hved nuclides decay more rapldly and do not offer the

For a give.n reactor the (@) and nuniber ~of parent: nuclides are

fixed (assuming constant power level and neglectmg burnup of the parent nuchdes) ;
. Consequently, the effort to reduce activity from the in- flux area is prlmarlly a
| ;function of control of the re-lease rate for a partlcular materlal of constructlon

. By careful selectlon of the materlals of constructlon it 1s poss1ble to lumt the

number of parent atoms The other two variables are nuclear propert1es of the

- parent nuchde and hence cannot be altered

For short half lived nuchdes the value of (1 - M’éssentially

- become umty and short half hved nuchdes reach thelr saturatlon act1v1ty rapidly.

' long-range accumulatlon problem assoc1ated W1th long-hved nuclldes

For parent nuchdes released from out of flux structural materials,

‘it is felt that deposrtlon on in-flux surfaces, especially fuel elements, ‘will have

a pronounced effect on activity levels. With time i-n the hflgh flux area, the

nuclides will approach their saturation activity and”conse(iuently Awhen released

will make a larger contribution to the activity problem,
2. Rate of Removal
The other factor in the material balance that determines system

activity levels is the rate of removal of activated pr‘oducts° The actiye mat‘erial

_.can be removed from the system by, four recognized;mechanisms: pur.ificati‘on,

_ deposi‘tion, atom exchange, and decay. iOf these four'mechanisms, only decay and

rate of purification have been considered to-date in most theoretical --approaches,
As discussed.previously, an empirical deposition fa-'ctorof 0.5, hoWe.Ver, is used
by WAPD .to- make a, correction for deposition. All of the present eguajtio_ris assume
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a.'kmi)wh fractién éf the activities 4:;1re 're'inoved'by the'pu‘r_-ificat:idnﬂs‘ystemo Re—
moval{of': the.«.radiba,ctivity due to decay is. the only"'mechain{sm that can be.cle'arly
-def.i:ned;° |
- Released nuclides, are principallyinSolublé and, for the most |
part, éiptiv.ityassoc{i'a,.ted.with‘ watér-i‘s mainly due to insoluble transport .produ.cts.,,
B,e'fbré::the,. pur,ifidation system can remove all the insoluble material, }dépos.ition
_ofte'rizc#.n. occ.ur: . Thus the actual eff’ectiv'e.ngss of the purification system with
Ar_espe,ctf to. cbntfolling radioactivity build-up has not been clearly established.
Assuming 100% rémoval- as is usually practiced.is certainly not true as indicated
in certagxin‘ equaiions.,‘. The. c,ontribﬁtibn of purification towards 'controllihg ac'tivity
-build-ué)'_will.be'a_;definite. function of the magnitude of thve.dep'os,ition, and.exchange
phenom}ena,, |
. 'fhe rema‘in_ing‘ two rﬂechanisms for removiﬁg activity:from'the
. -system gare.depos.ition and exchangeo ~ Until only recently, both factors were ig-
.norédir;l predic}tiﬁg system activity levels and even now éfbjitrary corrections
are appiied to existing equations in an attempt to more nearly approach experi-
mlenjtall %Ialueso No pﬁblished equatiohs attempt to include exchange e‘ffects.A,
. | . B. WAPD EQUATION |
Thelderiyation of the equation which currently is used at WAPD(31)“

is given.below. . The differential form for accumulation in a core is:
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concentration of atoms b,eing" activated by reaction -
a(n, T)b (at?oms/gm alloy) - |
O0a = thermal neutron cross sectlon (cm2/ atom)
‘ ¢e: = effective thermal neutron .f1ux~(n/cm -sec)
Np = -concentration of atoms of ieotope b formed in core b‘&

by a (n,¥)b (atoms/gm alloy)
Ab = decay constant of b _(sec.;].‘l)

t = .time ((sec)
i The solution for the flrst order linear d1fferent1a1 equation is:

0

et Pe (1-e ABL) @
Ab. '

Since the chief interest is in the rate at which. act1v1ty accumulates

on primary components, the analysis continues as follows:

c - ,
dN.. : , .. ‘
S T 0.50A N - N o C o (3)
dt | yy - ~Ab"b | |
, S
~ where: c = overall corrosion rate (gm/cmzi- sec)
'Ac = area exposed to water in core -(cmz)
AS =  Area of primary system - deposition area (cm;z)‘ B
S ' ‘ B
Nb = atoms of bdeposited in system (atoms/ cmz)

assumed ratio of depo‘s‘ited.crud to total system crud

- Abt)

0.5
If the half-life of b is small, ( 1-e" approaches 1 and Nb
a constant. Substituting the value for - N'b from equations 2 and solving the
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reéultiﬁg»first order: linéa.r differential equation givesA: L

AN - oscaefTage (1leM)
: . A, A y
O'née' again (1-e - Apt) %~ 1 since the half-life is small.
ﬁles) | = ":.0,5C Ac Qacﬁ"arg e , I (5)
j Ab As |

Hoﬂ’never, .if the half-life is not small, equation 2 must be sub-.
stit_uted as a,-fuhcﬁon of time into equation 3.. The resulting differential equation

_is still a linear first order but the solution becomes:

0 - _Apt)
.R:NS =:0.5C Ac Qa(’:ra¢e((1—ﬂbteat -e bt .

. (6)
b b
f Ap Ag

; Thése equations of WAPD are the only oﬁes which presently. fné,ke
an effof-t to pred’iét deposited activity.
| : Some interesting_observationé of the above equation are:listed
‘below: |
| ‘ 1. The forme_ition of nuclides in the core a‘ndl,the .depos‘ition of

- nu_cli_deﬁ's th’rdughoﬁt the System ‘is exbressed on a weight basis; thus, aes.séntially
_‘speci'fif: activity ('dpm/mg‘) is considered. |

: 2. - The.overall éorrosion rate is cfmsidered.equal to the release
-rate. . Sinée;the, corrosion rate is higher than the rélease rate, a,sburce of error
. exi,sts,.;' partiéu‘lafly fdr long ir.radia;,tion,‘time.,

3. Dépos.ition is considered uniform in;_theflux as well as out of
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the flux reglon Data has been presented mdlcatmg that there .1s a thxcker layer
-on, Min- flux" reglons than on the rest of the system | ' o
| 4, Nuchdes result only from 1rrad1at10n of structural mater1als
.> locate dﬁi'n "ianlux; reg1ons. It is ver\y.probable‘that tar,get nuelldes wh_lc:_h are
‘ ,-released. from "'ou;;t-of-.,flux'%' regions'and subsequentiy deno_,s,i_t in ";-i,n'ﬂu?l"" :jar-eas
-are also a"major oontributor to system activities. K E | :

| : 5. ° Exchange reactlons are not cons1dered

| 6. The 0. 5 ratio of depOS1ted crud to total crud. 1s an arbltrary
‘ ~'va1,ue,,. | ' o
| ) 7. . I t'—‘O 1s assumed as any time other than the. actu'al start-up

tlme, account would have to be taken of the active nuchdes Wthh remam m the

| system as. well as those actually formed.in the new 1rrad1at10n mterval

8. Only (n ) react1ons are con81dered An mdlrect spemflc

method was glven Wthh makes it poasible to 1nc1ude the observed (n-p) product'

Co’S.

o ‘. Even with,these apparent shortcomings, thi;s equation i's} probahly
A~the best presently available:;, Observed deposited actiyitte‘s can still at best be
on,ly approximated W,ithin perhaps an order of magnitude. |

| . C. KAPL EQUATION | .

The most recent equation used by KAPL( 30-) is as follows
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LAy
AN = TP N(1-e Y

where: N number of active nqcie‘i

| N = number of targét nﬁ'cl"e'i

, T - thermal absorption cross section
. .

= decay constant of active nucléi

t = time . of operatién '

. This equation.is, of course, identical to the one derived in. the

‘theérmal flux in the core

previous section. The next step.ié'to establish an equivalent area exposed to an
. equivaleiant flux..

Thfs is .shown, belo,w:‘

. =N '
@s‘As = ¢c A core
where ¢S = .‘average,therrriavl flux over stainless
' ‘ " steel area .As.‘ '
¢c = core thei'mal flux
A, re= Dseudo area of stainless steel
which can be considered as in the

- core flux
B 'I_‘hé fraction. of the. toﬁa;l system éorfosion of target nuélei_ which
. is' alréafdy'active. 1s (16Cated,in ":in-,fl.-ux". regiohs); -
: £ = g-¢c Acore 1 1-e"2% @
S Atotal AT |

where: ‘ :
' A = total stainless steel area exposed. to primary coolant

58



. | 'Ifhé differential .eqoati_on;is' then:

'a__de" Tt Nel SN R
q@'- pr + P fNeq 7\Nw .. (9)
w_here:l Z ¢ 1t1 sum of products of average flux m each reglon and

' .t1me m region in each prlmary coolant cycle ,

T = ;total cycle tlme (sec)
P:= 'fractlon of 1mpur1t1es removed by demmerahzer per
: Ned" = concentratlon of mother nuclel m coolant

The solutlon of ((9) (a flrst order linear d1fferent1a1 equatmn) 1s

N = tie+ = Acore _\" Acore =7lt '
* ¢1 ) + ¢c A 5053-1 == . A total :

S P+A_T' "; R
e core :
~NGQ‘°-_é-'(T' h)t- + ¢1t1 +¢C x Atotal Neqﬂ_ % Acore(,_N q -t

Lo P+ At Atotal

(10)
Thxs equatlon can be s1mp11f1ed by assummg that Nw 0 , t=0

and that ( 2 +0)t > | |
(Z¢1tr . g P A"m) eal™ - o

A A total ¢c Acore 0" Neq e
P+ At g 71 Atotal

(1)

- The assumption leading to the,simplvif'icatiohi was shown to t_)e ,
vahd for-all tlmes greater than twenty hours
An exammatmn of the equatlon and derlvatlon leads to.the follow-. _

ing observations. Dep051t10n is 1gnored entirely w1th the fOIIOng conséquences
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(1) The demineralizer is aSSun{ed 't'é“s'é'e*a;n‘ t_he'.ix'-'ele.ased_eor-
rosion:-nroducts andremove a known fraction periodicallyo' DatAa-hasAbeent .
presentiedeto SthW,{that this is‘not e'val.id &sum_ptiono .

| 3 (2)* 'I“he; target nuclei released from ""out-of -flux"’ regions do- -
not depesit on ;'.inéflnk"' surfaces but beceme irradiated only as a.result of pass-
-.ingAthrofugh the,cone while suspended in primany coolant.
(3) If this ideal condition were the case, ‘_no acceSsibility pnoblem
; wenld exist s,inee AAu activity could be removed by draining the primary Water;
-Oth:er observations are as follows: |

(‘1) - The equation is solved.on aevolnme basis (dpm/ fnl) and, cona '

seque_nt}y, ‘increasiinlg purification flow rates reduce the circulating activity.
: '(2') : Thie equation gives some.weight tq target nuclei originating -
elsewhejre in the. system and 'activéted- during circulation. |
I (3) As in the WAPD equation, the-corroSion rate is assumed
A.equal to: the release rate. |
4 ; The.equation is strictly valid only if (t) is the actual time
of ,staxk'tj.-np‘, No provision is made for activity remaining after a decay period
- which would have. to be added to the é.ctiv.ity found during the new tirne interval.
(5) . No (n, p) reactions are considered taken.
(6) ‘,Exchange reactions are.not consi}dere'd°
- From the disc)nss_ion, of these two equations, many shoftcomings
, ,;in .predicting ;system activity levels exist.: Only the WAPD equation makes any
-effort te,fake into ;ccount activity deposition which is probably the major cause
of tne aecessibilitgr problem.. These shortcomings can be eliminatedonly'by é.n
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expenmental program m con]unction w1th a continuous theoretical effort

. D PWR PREDICTED ACTIVITY LEVELS

‘Predictions thh the WAPD equation have been' ‘inadé regarding
-'the possible activity build-up on,the.PWR. (3 ) The results of this work.is
.shown in Tables XXVII - XXVHD and Flgures 5 and 6. In their caiculations, over-
all corrosion rates for all- materials except Type 410 stainless steel was |
' 2 mg/ dm / mo. As can. be seen, the estimate. for cobalt activity-is the dominat-
o ing. activity. |

. -TABLE. XXVI C@NTRIBUTION OF INDIVIDUAL PWR CORE
MATERIALS TO DEPOSITED ACTIVITY

"% of Indicated Activity Originating in Material

- -At 1 Month - At 5 Years .
Core Material o ,,Totgl o Co60 .o ;'I:'otal_ | C 60 -
304 Stainless Steel 132 13.8 187 13.8’
'?Inconel-x; _1;5‘, B0 5.0 5.0
Stelltes - 17.3  .16.4 4.5 6.4
Haypes . e 47 48 41
‘Hafnium . 6. 8 - 22 -

,"»Other core materials (17 4 PH stainless steel, Type 410
.stain_leSS-steei, chrom-ium,« and gold) have'a_neghglble

_ "co_t_i,t,ribution, to. the d'eposite‘di activity..
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TABLE XXVII CONTRIBUTION OF INDIVI'DUAL RADIONUCLIDES TO -
- CALCULATED TOTAL DEPOSITED SPECIFIC ACTIVITY

-~ Percentage of Total Activity Due to Indlcated Nuclide, -
Nuclide o

1 Month . 2Months 6Months 1 Year ' 5 Yéars
ol a9 1.9 Lo oy o Ammiesbaaes
Mn ¢ 5.2 1.7 - 0.4 0.1 o
. Fe 2.8 ‘ 2.7 1.9 1.0 0.1
e 20 2207 20 U na o
60 - - |
Co ©19.0 . 24.5 45.5 705'4 97.6
175 . ' ‘ | :
Hf o _9.. 5 ... ; 101 . - '6,2. _ ’0'65
181 o . o )
- Hf - 58.5 56.9 39.7 - 20.4 1.6
: 99,9* 100.0 . 100.0 100.0 A 100 0
%- - The: remammg 0. 1% in. thls case is due to mmor ‘amounts of Cu64 Ni6_5,
| Ta182’ W185, and:W.187, o o

_ The table. is based on maximum calculated hafnium activities.

TABLE XXV, . CALCULATED CRUD BUILD-UP AND ACTIVITY DUE -
. TO CRUD IN PWR AS A FUNCTION OF TIME AT |
CONTINUOUS FULL POWER OPERATION
" Specific Activity

‘ Total Amount : Total Depos ited

~Time
1 month

2 months

6 months

1 year

2 years

5 years -

xOf Deposited: Crud '

(mg)
3.88 x 10°

7.76 xlO6

2.33 x 10°
6

4.66 x.106
9.31x.10

2.33 x 107

Crud Activity . .

(Mev/sec)
11

1,12 x 107

3.45 x 1011

1.63 x 1012
3.99 x 1012
13

1.16 x 10°

'5.16 x.1013
62

of Deposited Crud
+{Mev/sec/mg)

9,89 x 10°

4.45 x 105

7.00 x4105-

5
1.25 x 106'

'2.21 x 109
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KAPL (32) _estimated the activity build-up for the -S-3—G which

- utilizes. zircaloy: ¢lad elements . The results are shown in Tables XXIX , XXX

and Figure 7. Again the importance of cobalt is emphasmed
-  TABLE XXIX. :WATER ACTIVITY IN 'DIS/SEC/CC AFTER E.F.P.H.

. Element - 100 © 500 1,000 3,000 6,000 10,000

- Fe” .56 L6° 25 44 49 = 5.0

co® .16 .7 1.3 2.8 . 3.6 4.0
ge®®

- 18'1

-f-..of'4' .18 .81 Y- TEN
Hf’ A\ RPN RPN SR 15 ST

(origma.l) .3 . 1.3 2.6 7.6 .. 14.4 23.4
- 0 (modified) 0.0 39,,.‘0 e9.0 182 159 165

’TABLE XXX DOSE RATES, 15 MINUTES AFTER SHUTDOWN
A AFTER 2700 E.F.P.H. - ‘

‘Water o c Surface p Dqse C '
: . Activity " . Dose Activity Rate Total Dose
. Element. . dis/sec/cc ' rate mr/hr dis/sec/ecm  mr/hr - rate,mr/hr

Fe? 4.2 . 017 . 2.1%x10° . 2.9 3.0

o™ 2.6 .007 1.3x100 1.2 1.2

z® o o011 3.1x10° 278 .29

e 5.0 0006  2.3x10° 805 .81

e 6.9 .06 3.5x10° 10.3 10.4
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Vi DECONTAMINATION

' Excesswe radlatlon dose rates from components of a pressurmed water
:'system pose. serlous operat10na1 and mamtenance hazards Such a cond1t1on
' [could be brought about by one of two means or very poss1bly a combmatlon of
. '-_"bouz;,, . , \ g A, . L
These are: . _
k 1. ‘ Deposmon of actlvated nuchdes (corroslon products, coolant 1m-
: puntles,, etc. ) on: component surfaces dur;lng normal operatlon

4 2. A sudden release of flsslon products from a ruptured fuel element

" As. yet no method has been found to c,ontrpl or ehmmate elther of the above

imentloned phenomena ThlS bemg the case, the alternate approach of removmg :

' act1V1ty from system components has been the subJect of much 1nvest1gat10n

- These 1nvest1gat10ns have centered around the hope of fmdmg a solutxon that

when c1rculated through a loop, would remove actlvated depos1ts from component Ce

4surfaces ‘without producmg any deleterlous effects on the md1v1dual loop com-

T
}

; "ponents. |
AL INVESTIGATIONS TO-DATE
| : The maJorlty of mformatmn presently avallable pertalnmg to decon-
tamination. resulted from studies conducted by WAPD .Their work has been
, d1v1ded into two general categorles° : | | |
I Laboratory and benchosjcale investigations';'

II' Full-scale trlals on equ1pment and plants.

A descrlptlon of progress topdate on each phase of thlS work follows
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‘B.  LABORATORY AND BENCH-SCALE INVESTIGATIONS
Solution (A) (See Table XXXI) has been tested for U0, and fission
_product removal(33) in a small scale loop (Bettis Loop No. 4, Runs 1,2,3,5,6). -

Loop hot filter decontamination factors of 10 were obtained in 20 to .25 hours

)

when the: ldop was used in a feed-and-bleed once-through proéedure (Runs 1,2).
. Feed-and-bleed recirculation runs (3,5, 6) yielded decontamination factors of

about 5 within 30 to 35 hours.

 TABLE XXXI. DECONTAMINATION SOLUTIONS EMPLOYED(33, 34)
Solutioﬂ | i A B - C
-Description o ' 'bilute ' ~ Concentrated ‘Concentrated

' L o Oxidizing -Oxidizing Reducing
Hydrbgén.Perpxide (g/ L) | 0.3 : 1.5 |
Aqetaniiide (g/L) 0.1 | 0.5
Hydrazine (g/L) o . " | o | 5.
Emylenédiainiﬁe . 015 0.75 3.5

. “Tetracetic Acid (g/L)

sulfé.mi¢ Acid'(g/L) | | 0. 25-0,5 2.5 25
Hekame&hylenetetrémi_ne (g/L) 00‘1 ' 05 | | 1
" Temperature of Use ' '250°FA-300°F'_  250°F-300°F  200°F-250°F
oH © L8-2.3 1.5 15

At the time of %t_:his writing no. information was available pertaining to acti- - |
vated crud removal from stainléss steel on the bench-‘scaie tests conducted at

'WAPD.
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| 2. ;\_Studies Appiicable to a Carbon Steel System

| For the removal of U0, and fission products‘fre‘m carbon steel, ‘high"
pH oxidizing solutions, which have been investigated in cenjunction with steinless
steel, migh& prove satisfactory. WAPD is presently involved in a study of this
problem. The removal of activated crud from a carbod steel system‘poses a
serioﬁs problem. The low pH reducing solutions used for removing crud from .
stainless steels exhibit excessive corrosive attack on carbon steel. | Information.
-on decontamination of carbon steel systems is not available.
. | C.' FULI_..-SCALE TRIALS ON EQUIPMENT AND PLANTS

Several large-scale runs with reference solution (C) hare been carried -
out inl decontaminating stainless steel systerhs coated vdth acfivated crud. In-:
cluded in this category are the fill-and-flush decontammatmn of the KAPL- 120
A. loop and the feed-and bleed decontammahon of the WAPD 29 loop.
1. KAPL - 120 Decontammatmn |
| In order to proof test the,fri.ll-add-flush rhethed for removel of antici- ,
pated SQG/ S4G corrosion products, deconte.mination of KAPL- 120 'lcn_)opf‘ at WAPD
was preecribed(35). This method was chosen because it required the least amount
of systemi modifications for decontamihaﬁien'of the. S-SG/'S.‘IG‘steam generators,
Loop Parameters: »-
.Pd_mpe 3 Westtinghoﬁse Type 150C

(3 in parallel - 2 in operation)
Nominal loop flow rate 31-33 gpm

Loop Material SS Type 347

Total loop volume . 40 gal. circulating
35 gal. pressurizer

Loop surface area - - 142 ft

. Charging pump capacity 10 and 15 gph
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2.  Test Results:'

‘During this {est the in-pile tnbe.had‘been isolated.,fromfthe out-of-pile
portion of the ,»loopo - Composition of the concentratedredncing';solu.tion u'sed.:for |
" this test is given in Table XXXI (solution.C). The decontamination factor after

a single 3-1/ z.hour treatment of the loop 'follonled'.by repeated water flushes

.ranged from.z Ato 2.5 as evidenced.by dose-rate readings at selected noints through- N
ou;,t-the, 106;5., Samoles of the decontamination solution and of 'the-initial iVater flush
mdlcated that approxnnately 100 grams of corrosion products (Fe304) were re- |
moved,from the loop.surfaoeso Radiochemical analyses of the solution estabhshed

that Co%0

was the ’,majorvconstltuent contributing to the gamma dose rate.
At the termination of the decontamination :test a 2200 psi hydrostatic
test indicated no leaks. Table XXXII lists decontamination factors at various “
- points. throughout therloo:p., |
-D. - WAPD- 29 DECONTAMINATION
The rupture of defected PWR fuel test specimens on June 18 and 26
1957 resulted in the release of irradiated U0y and poss1bly A1203-U02 smtered |
fuel material mto the loop resulting in contamination of the facﬂlty After shut-
down of the MTR on July 14, 1957, and followmg water flushings and dramage "
of the. WAPD 29 facility, the radlatlon fields in the vicinity of the loop prevented
.carrying out normal MTR shutdown operations. To remedy this s1tuat1on, chem1-
cal de_cointamination Was carried out(34).,
A feed-and—bleed.deContaminating orocedure was employed in this
operation.; An oxidizing-complexing soiution was used to remove UOz and as-
sociated fission products, This was= followed with a.reducring--comple’xing solution
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;" to remove depOS1ted corrosion products (solutlons B and C respectlvely)
"»'Treatment with the ox1d1zmg-complexmg solution y1e1ded an average decon-

l-..tam'matlon factor in the range of 10 to 15 The reducmg complexmg solutlon
étreatment y1elded an addlttonal factor of about 3 to 4 resultmg 1n an over- all
_:i Qdecontamlnatlon factor of about 50 | o |

Followmg decontammatmn, sectlons of the loop (304 and 347 SS)

3 prpmg were removed along w1th s1x representatlve welds and. subJected to metal-
‘élographlc exammatlon Emphasls was placed on observmg any effects of plttmg,
ig—écrackmg, or mtergranular corrosmn in the weld areas No deleterlous effects

iresultmg from the decontammatron operatmn were detected

{

!

. -ljfLoop Parameters ‘ . -
‘ Pumps P Two Centr1fuga1 30-A (Qne normal, one standby)

Loop Vqlu‘x_n’e .10 Gal ; cir -culating
e 5Ga], P surge tank

:Out of p11e area.' 53 ft2
,Loop Mater1al ‘ 304 SS
a Phase I- Decontammatlon W1th 0x1d1zmg Complexmg Solutlon |
| Solut1on (B). ((Table XXXI) was ut111zed for this phase of the decontam1-
::nat:i"on test The procedure used Was of the feed-and bleed type and conS1sted
of a 4 -step. sequence as. follows .
” Step l. A 2 5 hour treatment ‘with solutlon (B) contammg in add1t1on
. o.2NEHNOg | o
Step 2: A 2 hour treatment'with the s_olution.(B) ‘_ci_,ontai%ning' in addition

0.4 N HNO,.
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“Step 3: AS. 5 hour treatment With"so.lu'tidh""'(B) o
- Step 4: Circulation of 2 N HNO4- 1 v/o ﬁ’z'oz through the loop for
" -’20 minutes (not including time 'to fill and drain).
Results of this phase of the test aré presented in refefence '34.
For-pux;poses of this survey it is sufficient to state that decontamination factors
varied from 7 ‘to 25 with one extremely high factor of 250. The latter factor
was realized"in the general eubp.ile room field which at the start of the test ex-
hibited an e'Xtreme.ly' high radiation level (20 R). |
b. Phése— ) § 'Deeontam.ination- With Reducing-Complexing ;Solutiens
| | The second phaee of the WAPD-29 decontamination was initiated 'ep'- .
pr'oximetely ten days after termination of Phase 1. | 'fhe selutio‘n employed' in |
this treatment (solution C) facilitated removal of depos_i~ted' corrosion preduct
activities along with those fiesion p;’oducts sorbed on the crﬁd‘surfacea.
. The loop was filled with the decontamination solution and brought to
a temperature of 940° F at 500 psi over a two hour period. T‘he feed-and-bleed
pi'ocedure was inifiated. (bleed rate 0.1 gpm), with the solution circulating
~through the loop at a r‘ate of 7.5 gpm. After 8 hours of this, the solution in
che loop wa_s.replaced with water and flushing was carried out for 7 heu.rs. Re-‘

sults of Phase Il decontamination test are presented in- Table«XXXIIL '
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‘- -~ TABLE XXXII -DECONTAMINATION FACTORS REALIZED DURING "= -~ = -+

DECONTAMINATION OF KAPL - 120 LOOP (35)

Survey | Pump #1 |
‘Points Inlet Outlet Inlet Outlet Inlet Outlet Strainer

First Decontamination

.A. After drainage of

. decontamination ,
solutjiqn 1.26

'B. After one water -

flush 1. 31

“C. After five water o
flushes 1.46

: Sécond Decontamination

D. After decontamination
.and tW‘o waten_ﬂushes 1.25

| E.'Overal-ldecontami-

nation :
.(combined effect) 2. 17

1.19

1.34.

1.88

1.63

2.90

‘Pump #2

1.62 1.25
1.66 1.61

2.0 2.0

1. 47 .2.27 ;

' 3.52 4.54

Pump #3 |

2.22
2.22

- 2.95

1.42

- 4.21

1.35

1.81

2.11

1.80.

380

1.35

1.61

1.80

1.66

2.50

‘Heat Ex-

changer

2.0
2. 18

2.5

1.15

3.45

Isolation

Valve to -

Purifica-
tion Sys.

1.37

2.14

2.4

-1.28

3.33

Average

- 1.51

1.76

2.12

1.55

'3.38




TABLE xxxm WAPD 29 . DECONTAMINATION TEST
PHASE I, REMOVAL OF DEPOSITED
CORROSION PRODUCT ACTIVITY (34)

" 'Date
-Time

Loop. Cooler
: Circulating Pump

,' Max. Pipe Field .

Cubicle Field
' Gen. Loop Field °
Surge Tank (bottom)

Surge Tiank (top) -

7-26
1700

2000

1000

1500 .

fo

2500

400
1500
400

7-26
1900

700
1000
800

300

400

200

(mr/hr)
" Loop Radiation Monitor Measurements

7-26 7-27
2400 0100

600
400

200

74

350
700

400

200

350

180

7-27

0200 .

350
700
400

200

350
200

.27
1000

200
350

200

100

- 75-100 -

200
70

Decontamlnatlon
.7 Factor

10
3

7.5 to 12.5

7.5
5.7



VIII CONCLUSIONS AND REcoMMENDATioNs; a

.- : ‘ : As a result of the llterature survey and personal‘contacts, the .
"“followmg conclusmns can be made o P |
1... Large amounts of radloactlvlty have bullt up on prlmary

gsystem components at the S 1 W | P
. | - 2., _; For stamless steel clad fuel elements, the bulld-rup is ex-
' r",“pected to be s1gnif1cant1y greater than that found on the S 1-W |
3,'. The act1v1ty bulld-up appears to result from a depos1t1on
}'-:;;v_and/or ‘atom exchange phenomenon o ‘. o EE |
: 4. The experlmental data avallable from other operatmg
"';::pressurlzed .water‘ reactors is mconcluswe | “ o
| | 5 Smce no other operatmg pressurmed water reactor employs
fstamless steel clad fuel elements, the ex;stmg data can only be uaed quahtatlvely
‘ ',:for the APPR o L e ST o o
6. Theoret1cal calculatlons to enable predlctlons for long hved

‘-gnuchdes of the total act1v1ty bulld up have not correlated well w1th exper1menta1
‘, ‘A;values. | | R
’ ‘4 7A° : Decontammatmg chemlcal solutlons and the methods used
_':for applymg these solutlons are complex Decontamlnatlon factors that have
: ‘been achleved w1th these- Solutlons may not be satlsfactory in some cases
| An experlmental program is necessary to determlne the followmg

1. How much; activity will be present after.varlous 1_nt_ervals

“of oper;ation?
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2. What problems will arise«in'the repair or maintenance of ;
_ the reactor systetn as a result of th1s bu11d -up? : |
| 3. 3 .What can be accomphshed to reduce thlS bu11d-up if 1t
should appear that its magnitude 1s too great‘? " o
4° - What basic phenomena are occurrmg to cause this bulld-up?
5. ° At what intervals will it be necessary to decontammate the

system should th1s procedure be necessary?

6. How does one accomplish this decontamination and at what

cost?
For: the: APPR, the experimental program 'shonld‘;involve the ,,followi_ngr
| | 1. Analy‘s_is.of APPR primary water and crud.
2. | Analysis of test coupons inserted in '{/arious,locations of‘the
APPR. |
3. | Measnrements/ of dose rates_of.:the primar.y system’ atter
shutdown. | : |
4. Measu_rementsof dose rates of dem'inerallizer during oper-
’ation and after shutdown. o |
. 9, . Effect of such variables as flow rates, water conditions,
| power level, temperature, .4 materials of construction, lo-
cation, etc. on activity build-up. o '
6. | Development of suitabie decontaminating agents.

1. ) .Development of methods for perform:ing decontamination.
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