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ABSTRACT 

A survey has been made of the possible build-up of long-lived radiO: 

. -- . activity on primary system components with increased reactor operation. 

l¥arameters and mechanisms that may contribute to l.lits activity build-uia~e 
discussed.; 

I 

The activity build-up has been attiributed to either deposition and/or 

atom exchange. Experimental data to~ date is not sufficient to conclusively.· 

attribute the degree to which each of these mechanisms contribute to the 
~ 1 . 

build-up. rihe need for more e'xperimental informationjespecially fovre-
. ~ " 

actorsl e_mplo~ stai~less steel c~ad fuel elemy ~s dis_~~ssed. " · __ / ~ ) 

(~etical equations to ln·-e-dict-th-eextent of the activity build-up' a) 
/) ' . ~ 

are discussed. To-d:~.te these equations have not been accurate/--dicting· 

the build-up of long-lived nqclides. . ~---· .· . 

Decontamination of primary systerilcomponents may be required to 

remove this build-up. A. discussion of,resent-dayfdecontam!nation agents 

and their applicatiorp~discussed.; 
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I •. l~TRQDUCTION 

Recent ~nform~tion h~ shown· that long-lived nuclid~ activity tends to 

build~up ~tiVJiij(:~·.pr.iina:ry: system surfaces during reactor ·:operation. ·u is 
. • . . J . .,. . . . . . . .· . . . . . . 

· rea$onable. to assume that this build-up might re~ch magnltudes which could 

.seriously hinder ·maintenance of primary system components, e. g._, the · 

plugging_ of a st~am generator t~be. 

Although much effort has been devot~d to th~ solution. of tbis probiem, 

quantitative res'lJlts are limited. Addition~! work is nece~sary before a so-
. . . . : . 

-lution to_ the problem can be effected. Unfortunately, ~xp~rimenta.l techniques 
. . 

are necessarily diffic~lt and sampling procedurt1S generally subjective.' 

Attempt~ have beenmade.byotlter. installations to theoretical~y predict 

the build-up activity. Actual results in most cases h~ve been significantly 

higher. No c,amparable results are available for the APPR-1 since it r~pre-
. . 

sents the first reactor to employ stainless steel fuel elements> 

Alco Pr9ducts, 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 survey made ()f available 

information on the activity build-up in pressurized water reactors. 

A. COOLANT ACTIVITY 

Intrinsic activity (1) has been defined as the radioactivity 

associated with :the nuclear composition qf the coolant it'self. Th~ activation 

. of water theoretically could result in the products shown in. Table I. . 

7 
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·>.· 
: TAB~E-I. - IRRADIATION P:ROPVC'rS QF \.VATER 

Par~nt 
·Nuclide 

H2 

016 

17 . 
0· ··. 

018 
. ! 

Parent 
·Nuclide 

' H2 

0 16 

.· 
0

t7 

. 18 0· 

'* n.- neutron 

·. · (n- Y)- Products 

%Parent· .prod~ct 

. Abunda~e · N:ucHde 
., . 3 .015 H 

99.7f)9 017 

; 037 018 

.204 019 

(n-p) Products 

%Parent Product 
Abundance ·.Nuclide 

.015 None 

99.759 N16 

. 037 N17 

. 204 .. , I . ·None 

8 

· Y Energy. 
t 1/2 ·(M~v) 

12~ 2·6 y ·N~me 

~~ble .sta"Ql~ · 

Stable .Stable 

29 s . 19,. 1·. 37' 
l.lQ 

. ~.Energy 
t.l/2 ·(Mev) 

·None :None 

.. ~· 4 s 6. 13, 7·. 101 2. 7 

: 4. 14. s .* 1.0 n -

. :None :None 

. ' 

• 

-~ 



. . . : . 
· .. The magnitude of·the intrinsic ~ctivity overs.had()ws the 

. impurity activity, which can be considere~ compc)sed of all other constituents 

it:t the coolant. ·Generally, the intrinsic activity·will be the prime factor in de-
,· . . . 

. . 

t~rmining the coolant shield, i..e . 

. t . . . t• •t (1) m rms1c ac 1v1 y ,w 300 impurity. activity . . . 

B. IMPUIDTY ACTIVI1'Y 

Pressurized water reactors now bei~t,? desi~ed or iq oper­

ation generally utilize deaeratec1 make-~p water. Some naval reactors, how­

ever, do not always adhere to this' practice... With the addition of non-deaerated 

water, the pres:ence of certain gases can contribute sign.ificantly to the overall 

. impurity water activity. Additional N16 andN17 can form fro~ the dissolved 

oxygen and nitrogen in the water. 

Minor amoqnts of argon present as an air impurity in the . 

make-up water .result in the formation of .A 41 in the coolant. This nuclide, 

which has a half~life of 1. 82 hours, can contribute significantly to the overall 

shutdown radioactivity of the primary water. As an examples calculations(2) . 

performed for the SAR indicated. that the presence of A 41 would raise the ac-

. tivity·level outside. the main primary coolant pumps from 28 to 84 mr /hr 
' ' 

. measured at fifteen minutes after shut-down . 

. Since the above gases have short half.,.lives, radioactive decay 

will remove their potential hazarc;l. · The more important nuclides that con~ 

·tribute to the shut-down activity arise from corrosion products.·: Considered 

of minor importance are impurities present in the make-up water .. · Table II 
9 



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

· .. 

. TABLE - II . NUCLEAR CHARACTERISTICS OF 
SOME COMMON WATER IMPURITIES 

Cross 
Product. %Parent Section Product YEnergies ~' 

·.Nuclide . Abundance . Nuclear Reaction (barns) . t 1/2 (Mev) 

Na24 100 
23 24 

Na (n, r)Na .Oo 53 15.0h 2. 75; L 37 

.N 23 100 
23 23 

40 s 0 .. 44; L 65 . e · Na (n, p)Ne 

Na25 10.1 25( ) 25 Mg n, p N:a 60S. 0. 98; ·0. 58; 

Mg27 Mg26(n, Y')Mg27 
0.38· 

·11. 1 0.03 9. 5m 0. 8'l;. L 02; 

p32 P31(n, "l( )P32 
0.18 . 

:100 0.20 14. 5d None 

Si31 100 P31( ~s·31 n, p1 1 2.62h 1. 26 . 

33 ' S33(n, p)P33 p 0.75 25 d ··None 

.S35 4.2 . S34(n9 Y)S35 0.26 87 d ·None 

:P34 4.2 :S34(n~ p)P34 12.4~:~ 2 •. 1; 4 .. 0 

: ct36 . 75. 5 C135(n9 ._.)C136 4.4 3. 1x1o
5

y None 

·C138 24.47 .· C137(n, "t')C 138 
0.56 37.3 m 2. 1; 1. 6 . 

.. ca:41 96.9 c 40( ) ., 41 · a . n, "( Ca .0.2 
5 . 

.l.. lxlO y ·None 

·K 42· 
0.64 

42. 42 
: Ca (ny p)K 12.5 h .1. 5; 0. 32 

10 



.. C. PREDICTED. PRiMARY· SYSTEM COMPONENT .ACTIVITY 

·.:·.Theoretic~! calculations· have .been. employed. to p~edict ~ctivity 

·levels both for the coolant and. the irnpur.ities in the c()olant ... In the Naval Re-: . . . . . . . 
. . . : .· ' . 

~ctor. Program~ impurity activity, level calculations wer~ made fc;>r various 

intervals of .ftlll power. hours operation ( 3) .. Table m indicates .. the results ob-
. . 

. tain~d bnJne measured activ.ity levels versus the predicted levels.' As will be . 

indicated later, Co 60 is the major contrib\ltor -to the. activity build~up on the 

primary compo~ents due to .its. long half-live and energetic gammas .. This value 

. was .found to be much higher than predicted. 

T AB~E ill OBSERVED. VERSUS PREDICTED 
. SPECIFIC ACTIVITY .. 

. (S-1-W DATA AFTER 93 FULL POWER HOURS) 

Nuclide · Measured {fc/ cc) Predicted if.rc/ cc) 

Mn 
56 . -1 

1. 9 X 10 
. ' -1. . 1.75 X 10 . 

·co60 5.8 x.10 -5 ·. . -7 
9. 02 X 10. 

Fess 9.1x.10 -5 .. 5. 43 :k 10-2 

Fe 59 1. 6 X 10-S 6. 37 X 10 -6 

. c:r51 3. 8 X 10 
-4 . 

3. 37 X 10-S 

11 
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,·· 

:. ·This difficulty.in predicting ~ctual.spec.ific activities has been 
. . . . . . ··. . .. 

encounterecLin pr~ctiGally ail otper pressurized water programs, including the 
' . . . . . . . 

. A~PR. " '~his inability:· ~o make· accurate predictions emphasizes the necessity 

•' 0~ a. combined. exp,e:rbriental alil:d: theor'eticar program~ . 

. . ·R~~l~~ion .. em·an,ating from primary. components after shut-down 
. . . . ... · . .-: .· ,._..... . ::. . · .. ·: .. 

h~ve:bee.ri meas~red.·;:~t.botb..the:S-1-W and APPR .. ':I'able IV shows external 

. ~~di~Uo~l.leyels.'o~:.~~ ... s~l-W heat '~xchanger.<4) 

.. ~ TABLE:·I,V .. EXTERNAL RADIATION LEVELS'AT 
··. S-~-W HEAT EXCHANGER 

·, . 
. : ·:.:>. ·> ... _..::._. .-. :~ . 

Stainless-steel' 
.boiler 

Level During 
Initial· Level Fuli .Power 

(mr/hr) (m~ihr) 

160. 600 

Level at 
10% Power . 

(mr/hr) 

350 - 400 

·:Carbon steel 
' . ' . ' 

0 '400 . 250- 300 
. ooUer 

From-tQ.ese~ ·plqs additionalreactor data arid loop tests, in-

. vestigators became cognizant of 'the potential serious bl.l!ild-up of radioactivity 
' . .. . . ~ 

on. system compon,e.l).ts.: Today, m.ost reactor designers are. becoming aware 
. . . 

of the complic~ted mai"r;~tenance problems that may arise. from this activity 
. ' ' . •'. ,. " 

build~up . .: · 
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., 

U. ACTIVATION FROM MATERIA~S-OF CONSTRUCTION 

A. MECHANISM O;F IMPURITY ACTIVATION 

. Since the half-lif~ of the intrin~,ic coolant activity i~ small, its 

contribution to the after shut=down level i
1

~ rapidly eliminated. The coolant im-
. . .. 

p1llrities~ however, have both long and short;half-lives. The longer half-life 

impurity ·nuclides are the major contributors to the after shut-down levels. . . . 

. ' 
.. The principal mechanisms by wnich impurit\es become activated 

.. . 
and.c;an normally enter. the primary coolant, ar~ as follow~,: 

1. Solids or gases which are (>i'esent in the make.,.up. water. 

and.become activated. 

2. Recoil of activated nuclides from the core surface which 

enter coolant. 

3. Fuel element mate,rials and other in-flux structural rna-

t~rials which. become activated and become released to the c9,9_lant. 
. - .. 

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

. regions and become activated during residence in flux areas . 

.. The first mechanism, which was discussed previously, does not 

normally contribute significantly to the activity build-up. {Reference. to activity' 

build-up, henceforth in this report refers to the after shut~down levels remain= 

ing on primary system components). Most reactor installations, under de~ign 

or.· in operation, have utilized demineralized water for make-up to the primary 

system; thus the impurity addition is negiigible. Witll· the exception of A41 

.which results from the use of non-deaerated water, IJ:lake-up water impurity 

13 



· activ~tion is of no significance to the activity build-up problem.· 

RecoU, as a possible major source of activity build-up~ .is 

. not considered probable. A uniform corrosion deposit usually forms on the 

cladding. of fuel elements. Since .. the general range qf recoil atoms is. in the 
··order of 10-5 em. and_ the deposit thickness is usually of greater magnitude, the · · 

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

negligible. Recoil contribution calcuiations .can be shown to h~ve only minor ef­

fect on. the activity build-up. 

Mechanisms 3 and/or 4 are the major contributors to. the a¢­

. tivity build-up of ~ctivity on the primary system. .£~'actors of importance per-

taining to these .. two mechanisms are discussed below. 

B. FUEL. ELEMENT. STRUCTURAL MATERIAL 

Erosion and.corrosil.on.of activated-fuel element cladding rna=. 

terial can be a major contributor to the acUvity buiid=up .. Naval Reactors gener:-

ally employ alloys of zirconium while the APPR-1 uses Type 304 stainless ste.el 

for :fuel element clacidings. Co:rrelaUon of experimental acUvUy build-up results 
. . 

of the· two programs should not be expected for.- this reason. . Table V shows the 

nominal chemical composition of zirconium alloys( 5) and. Table VI shows. Type 

304 stainless steel. ( 6) '~; 

14 
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., 

TABLE V - · NO:MINAL COMPOSITION OF ZIRCALOYS 
·. ·,. 

Element Zircaloy-1 . Zircaloy-2 Zircaloy=3 
. ' (perc~tit) (_percent) (percent) 

Sn 2.2 - 2. 8 1.3 - 1. 6 0. 20 - 0. 30 
0.20 

Fe 0. 04- 0. 08 0. 09- 0. 14 0. 20 - 0. ~0 

Cr · . 0. 015 max. 0. 07- 0. 11 0.05 

N1 o. 005 max. o. 04- o. 06 ·o.o5 

N Q. 006 max. 0. 006 max. 0.01 m~. 

Bal. Sponge Zr . Sponge.Zr . Sponge Zr 

.. ,, 

,_TABLE_ VI -·NOMINAL COMPOSITION TYPE 304 S'rJ\INLESS STEEL 

. Element Percent 

C (max) · ,;08 

Mil (max) 2.0 

Si (max) 1.0 

Cr 10.0-20.0 

Ni 8. 0 - 11. 0 

_ S (max) .03 

P (max) .045 

Cobalt content in stainless steel is of major importance to the 

.activ.ity 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, U is seldom repo,rted, though considered 

15 



a minot impurity.: Recently, specifications have been issued by certain reacto~ 

· designers. designating very low cobalt stainless steel. .. T:o prod\!Ce. this type of. 
. . . . . . ' . 

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

Alloys and, impurities .. iti. other grades of ~tainless steel and zir-. 

conium·'alloys are .. of sig.nificance. tothe activity build-up~ Include!i among these . 

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

loys are snown in .. Table VII( 5) ~ 

TABLE VII- MAXIMUMIMPUIUTY CONTENT OF ZIRCALOYS 

·Element 

Aluminum 
·.Boron 

Cadmium 
Carbon 

, Cobalt 
Copper 
Hafnium 

·Hydrogen 
Lead 
Magnesium 
Manganese 
Molybdenum 
Oxygen 

. S.ilicon 
Titanium 

.·Tungsten 
Vanadium 

Zircaloy-2 
(ppm) 

75 
0.5 
0. 5 

500 
20 
50 

200 
.50 

.130 
20 
50 
50 

2500 
100 

50 
.100 

50 

Z:lrcaloy .. 3 
(ppm) . 

· .. 75 
0.5 
0.5 

500 
20 

'50 
200 
~ .. 50 
130 

. :20 
50 
50 

2500 
100 
• 50 
100 

50 

. C. EXPECTED NUCLIDES FROM IN-FLUX MATERIALS 

. ; The activation of fuel elemer:tt cladd~ng and other in-flux material 

and.the subsequent release of these materials to the_.coo1ant are major contribu­

tors to.the activity build-up. While these impurities, e~en. those wtth relatively 

. long halt-lives and with penetrating gamma rays, do not generally contribute 
16 
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significantly to th~ overall vapor container shielding requirements, their pres­

ence seriously complex the maintenance problem~ 

Some of the possible .nuclides which can result from. the us·e .of 

t;he zirconium alloys ai',e listed in· Table VIUo Of p~;rticular interest, .is .that 

only zr95 has been reported as h:;tving been present in any mea$urable quantity 

either in.the co.olant or in the surface depositso 

Table IX indicates possible nuclides which could be formed from 

.. Type 304 stainles$ steeL Of those listed Fe59 ~ Mn54, Cr51, Co58 , C960 , 

Mn56 and/or Ni65: have been identifiepin the APPR-1 primary wat~ro· 

17 



··Parent 
·Nuclide 

Z:r90 

Zr91 

Zr 
92 

94 
Zr 

Zr96 

Sn112 

sn.tt4 

Sn115 

116 ·.sn · 
. '117 
Sn 

80118 

Sn119 

sn:12o 

12:2 
Sn 

. sn:J24. 

TABLE VIII - POSSIBLE NUCLIOES FORMED FROM ELEMENTS 
. OF ZIRCALOY-2 

(n- Y Prod1.11cts) 

: p·a.re.tit ·· Product 
%Abundanc-e N~clide 

' 5L 5 zr 91 

17.1 

17.4 

2.8 

1. 02 

0.69 

0.38 

14.3 

.. 7. 6 

24. l 

8.5 

32.5 

4.8 

6. 1 

. Zr92 

Zr93 

. Zr95 

Zr97 

S
.· .113 

. n 

11'5 Sn _ 

Sn116 

Sn117 

Sn118 

Snll9 

120 
Sil 
. 121 

Sn 

123 
Sn 

Product 
t 1/2 

stable 

s~able 

. 5 
9x10 y 

. 65d 

17 h 

1l2d 

· stable 

stable 
14d 
stable 

stable 
275d. 
stable 

stable 
ly 

27h 
t30d 
40i11 
"9.5 

10d 

Product Y 
. ·Radiations 

(Mev) 

.stable 

stable 

• 029 

0.75~0,72,0.23 

_0,75,0,66 

0,26 

stable 

stable 

• .o.:1u2 

.0. 024 

.stable 

ilone 

1.5 
O.:S3, 1.4 
0 .. 20 

(n-p :J?rodu.cts) 

Product · Product 
·Nuclide . t l/2 

v90
. 64. Oh 

Y9 i 58 d 

Y
92 

3. 5h 
94 

Y · lflm 

none 

·In112 

114 
Jn ·· 

T15 
In 

'116. 
. .Jn . 

. 'tt7 
in .. 

I~ i.'t8 

119 
In 

.none 

. no:ne 

·.:,none·· 

21m 
t4m 
49d 
72s 

4. 5h 
· 54."0m 

13s 
.1.9h 
1.1-h 
·4.5m 

1m 

18m 

none 

·none 

none 

Prod~ct Y 
·Radi~Uons 

(Mev) 

none 

1.19 .. 

0. 94, 0. 21· 

1.4 

0? ·72,0. 55, 
-1.28 

none 
1. 27, L.09, 
2~-1 ' 1. 5. 

.· ·:·. •. 16, 0 56, 
. · .. 16 

none 

none 

none 

none 

.none· 
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i, 

.TABLE IX ,.; POSSIBLE NUCLIDES FROM ELEMENTS 
OF TYPE 304 STAINLESS STEEL 

{ rt- T} Products n-Q Products 
Gamma ·Gamma 

Parent- %Parent Product Radiation Product Radiation 
Nuclide .Abundance Nuclide t 1/2 . (Mev) Nuclide t 1/2 (Mev)· 

..... 2m. ·· 
Fe 54 5.9 Fe 55 2. 9y none Mn54 300d 0.84 

.. :: . 56. . . '57 ·: 5•6 ..... .... , .0 .. .8.5,.1. 8,. 
Fe 91.6 F.e stable stable Mn 2~58 h 2. 1, 3. 

57 58 Mn57 
0. 12~ 0. 13, 

Fe 2.2 Fe stable stable 1.7m 0.7 

. 58 
0.33 Fe 

59 
45d 1. 10, 1. 29, 0. 19 Fe none none none 

50 Cr · 4.4 Cr 
51 

27d 0.32 v5o stable stable 

Cr52 83.7 Cr53 stable stable 
52 

v 3.77m 1.4 
1-" 
co 53 54 v53 Cr 9.5 Cr stable stable 2.0m 1.0 

Cr54 55 '54 0.99,0.84 
2.4 Cr ·3·. 6m none v 55s 2.2 

.N.'58 Ni59 4 . -58 0. 81, 
.1 . 68.-0 8x10.y_ .. none Co 7~ d,9 h 1. 64 

Ni60 Ni61 60 1. 33~ 
.26. 2 . stable stable· Co ·5. 2y, 10. 5m l. 17 

Ni61 1.1 Ni62 stable stable Co 
61 1. 65 h . 

• 0 07 

.N.62 3.7 
. 63 

soy-· 
- 62 

l4m,1.6m 1. .2, 1. 0 .. 1 Ni none ·Co.· 

Ni64 .1.0 Ni65 2. 56h .1. 5, 1. 12, 0. 37 non~ none none 

55 56 
o.s5;Ls,2.1,3 Cr 

55 
3. 6m ·Mn 100 Mn 2. 58 h none 



D. NUCLIDES FROM··.STRUCTURl\L MA.'l'EJU,A~S 

Toda~_e, austenitic type stainless steel is. the major material of 

. construction. employed for .reactor primary ~ystems. Minor amounts of Stel­

·. lite,. Haynes 25, and 17-4 PH steel are also employed throughou..t tha primary 

,system .in. Naval Reactors and .the APP,R. A carbon: steel boiler was also 

employed C1,tthe 8~1-W reactor .. Typical :compositions(a)' of these materials of 

construction are listed in Table X. 

. The so-called minor impurities wh,ich may be pre~ent in aqy of 

· the materials of construction have been f?und to be important. R.eferen~e to 

. the. previous statements on. the cobalt impurity emphasizes this point . 

. ·TABLE X= STRUC'rURAL MATERIAL COMPOSITIONS 

A-212 B Haynes 25 Armco 17-4 PH Stellite 19 
Element . (Pe:;ocent) (Percent) (Percent) (Percerit) 

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 
~- 0.04 0. 03 max 

.. Si 0.15-0.30 1.0 max 1.0 max 
Ni 9.0-11.0 3.5-5.0 

;Cb.-.Ta 0.25...;0.45" 
Cr 19.0- 2L 0 1.5.5-17'.5 31 

·.cu 3~5- 4.5 
Fe .Bal. · 2. 0 max ·Bal. 3 
w 14. o~ 16. o 10 
Co Bal. 52 

.. Others 2 

. E. . CORRO$ION RATES 
' . 

Reporting of corrosion rates is based on either material weight 

. loss or :weigbt gab1. From·. the standpoint of. the actlvity build-up, the corrosion· 

release rate· is of prime· importance. Unless material enters the. coolant, it can 

20 



not be redeposited-.on primary system components. :As ~n ex(ln:tple, austenitic 

. Type_ 304 stainles~ steel has been reportedas having corrosion rates of approxi­

mately 5 .to 10 mg/dm2 /moat water conditions normally found .in a primary 
. . . . ' . . . . . 

system. Howe~e~:, the-release rate of this material has been estimated-as low 
. '. 2. 

as 2. to 3 mg/ dm. /mo. 

The literature selcion differentiates b,etWeen. .corrosiort rate and 

_release rate. In Table.XI,. corrosion rates (S, 9)(not release· rates) are given for 
. . . ~ 

typiCal materials qf construction for primary syste~ str.uctural materials or 
.· {;.·'' 

. cladding. Since t~e release rates ~f;e pot generally reported? one assumes the 

~orse. case in c:;tlc.ulaUon~? that being, the release rate is ~qu~l to: the co.r~osion 

.. rate~ 

F 0 . CRUD COMPOSITION 
. ' 

-. Th~ insolu~le 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 compositions .in the crud have. varied from as low as 20% to as high 
. . . . : . . . 

as 90% .. Examples of typical crud experimental values< 10)'are shown in Table XII 

and:xm .. The dc:~ta .is basically on reaCtors employing zirconium alloys as fuel 

. element cladding materials. · For tll.is reason, correlation between this qata and 
'· 

_that whichmay be expected.from the APPR-1 is agaiJ.l difficult. It is interesting 

to note that the compositions show little or no zirconium chemically. 
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· .. TABLE;XI- CO~QSION·RAT_ES OF COMl\40N PJUMAR'Y.:SY$TEM MATERIALS 
. ;EXPO~E;)) '1'0 HIGH TEMPERATURE, ffiGI{:PURITYWATER . . . 

··Material 

, T 304 SS 

. T 304. SS(ELC) 

.. T347SS; 

A-212 B. 

. A-302 

Zr-2 

.Hf 

·Haynes-25 

.T410SS: 

... T 440· C. SS 

Symbols: 

·oescaled 
. Tem,p. ·Velocity 0 

{~~/kg) 
}{2 pa f~~riJ:~~m~.) . {OF) 

. 500' 

500: 
I 

500; 

600.: 

6(}0 : 

500: 
I 

500: 

500' 

500 

500 

D·.,. 
X 

NA-

(f.p.s) (¢c/kg) 

30 1-5 . N. A. 7: 5 
·~· 

30 D. 25 .. 50 ·7: 5 

30 . 1-5 ·N.A . 7 5 

30 0.1 'D. 11 30 
'. 

2 0.10 20 9.5 72 

10-20 ·D. 100 8;5 5 

20 30 100 7 5 

30 N.A. 100 7 5 

1/60930 1-5 ·N. A. 7-:-~0 5 

30 D N.A. 7 15 

degassed waler, less than 0. 5 cc of oxygen (STP) per 

kilogram of water 

no analysis made for constituent. When·. NA .appears 

in hydrogen column, the implic~tion is that hydrogen 

is probably present in the range ,af o to 20 cc of hydrogen 

(STP) per kiiogram of water 
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: . . . . 

_ TABLE. XII CH~MICAL COMPOSITION OF CRUD IN A DEGASSED 
- SYSTEM AT A FLOW RATE OF 6 FEET PER SECOND 

; . '> 

·-
Element Wet Cnem. Spect. · 

(% ¢ru(l) (%Crud) ''··· 

... 
F:e 86.2 7-3~ 5 

.. 
· . 

_- N'i . 6. 45 . · 10. 5 
-,. 

·cr 1. '75 2.9 

' 
-TABLE XIII. CHEMICAL COMPOSITION OF· CRup IN A 

H.YI;>ROGE,NATED SYSTEM 
.', 

Flow Ra.te, 6ft/sec Flow_ Rate, 27ft/sec 
_.,.. 

., . ~~.!!' ...... 
__ -Element Wet Chem. .- Spect. Spect. Spect 

'(% crl.ld)' (%crud) %crud %cru(l: ~L 

Fe 60.0 71.0 74.9 80.6' -- -~·. 
!}\' ! 

Ni 6. 6_8 15.0 6 .. 27 2.98 

:cr 3. 11 _5. 4 .13. 0. 7.25 
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. .. . . . :· .. ' ... j.:J." .=. :: 
·lll~ OPERATING REACTORD~TA · :. 

• " •• •• • "it ~ • • : 

'. .: . ' .. '·'' 

; 
.·' ; .. 
.. 

' A. OBSERVED NUCLIDES IN:. COOLANT ' '· 
. ' .•. . . ·~ : . . . . ·' \ 

·n~t~: h~ve been 'collected on n\lclid~s ~xpe~i~entally·fou,~d tp be 
. . . . : . . . . 

; :; . '· : 

pre~ent .in. the coolant of the S-1-W and.the: APPR-1. For ;th~S report~. res1Jlts . . :· . i . : ; ' .! • . : .,. 

obtained:through.A.;P.PR-1, 7(>0 hour ,test are gtven. Datatr6m the. ~ .. :l ... w and tl)e 
: , .' :: • . ~ • , l • • • ', : j . , 1' 

APPR~ 1 can qot ·b~ ;directly correlated due to:. differ~nce ~n: th.e materiaJ$ 0.! con= 
• , : • • • ; ' I • j • I·~ • , :: ; • ~ ; , • • 

. strtJ.ction, cor.e :cl4ddfng anij other ~)hysical a~d chetilical:~p.aracte.ri~tics. ;, 
:,: • . ' ·, 'j j \ 

! . ' • . : . ' ·. ' . ' : ~ I ' ' 

·; , . Tabl~ XIV'iilustrates the percentag~ of loi)g ... l~v~d riqclide$ tound 
• • , • • :~ • , • ~ ' ' • • 

1 ~ i , ; . :· ' I ' . 1 ' : I : • • 

. in. the crud of the J~ l~W(l1). and the -~oolant of the ·AP~tt.:<7): S(nc~ the ·anaiyses 
' ' ,· • I ' ' ' 

·:·. 

are' on a diffe~ep,t ~as is, .i:~. ~· ~ cru.dv~rsus C?olant iF~ui;it¥ a<;fiv~t;9 tile. f~Su~t~ 
. . . ' t : :: . . . : ' : : : ;· . ·. : : ~ ~ . . . . .. 

. can'. nQt be quantitatively cotnpa_red. ·· Of particular intere~t is th~ larg¢r tq'tal 
I, ' , ' ' , • , 

. . . . . . ' . . 
. cob~lt percentage fo1.1nd in the APPR-1 systerp,. : Thi's may: b¢ pa~tiaUy· qu.~· tq the 

• ~ • '; • •• • • : ; \ •• :· • : i 

! 

difference .. in assay·;techn,iq\J,e,S: . ' 
... ,, . . : . 

Ma~gane-~e ~ctivity was not fo~n~. ~n t~e ~~·:{ .. w. c;rl,lp bqt qnly in . . . . : . ;\ : ,. . . .. .. . . 
:: ~ 

solution and~ the;refore, it is assumed ~n corrosion'prod.l,lct$ Qf mangan~.$e are 
. . .. . , , I , ,.· . . . . , 

. ,· 

in soh1tion. Since:_(t is soluble,_ mang~nese l~ frequ~ntiy Qsedin'caiculating.re= 
;. . : . . . . 

. lease rates. By a~~uming that the c~rrosion. prdducts have same.:che~ica:l per-

centage as the bets¢ metal~ .determination of the man:ganese activity can be cor-
. \ . ' ... 

::. 

rel~ted with the rel~ase rates .. This a~suinptton-has not b~en .. foun.dJo 'Qe com-
= . . • . . . . 

pletely valido . . ', 

r ~· 

of the hafnium con~rol.rod ~ubbing shoes. Hafnium is not ha~d at :th~ ).\Pl>R-1 
~ : . . .. ' 

and:this activity .al~·ng with the zr95 activity would not, of 'co-qrse be pre~ent. 
~ . 

:· .. . . 

24 
: ~ . 



. TABLE XIV OBSERVED NUCLIDES .. ··.· . . ,. ~ 

· · Nuclide 

. Co80 

Co 58 

.. c· 51·· .. r 

Zr95_ 

. Fe59 

. Hf
181 (175). 

·Mn54 

Tota,l 

.S-1-W* 
·%of Total 

19 .. 5 

5. 5 

1.1 

0.· 7 

0.7 

53.3 

8Q.~ 

* insoluble.crud.(average of nine values) 
*·* . circulating water and crud-(average of six values) 

APPR-1** 
.·%of Total 

55.4 

.0. 4 

7.3 

~c:::>--

14.2 

77' .;3 " 

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

totallong~lived activity results from only a few nuclides .. These n~clides result 

from impur.ities in the materials 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 carbon steel.boiler was installed as the ·port boiler for ex­

perimental purposes.·. At this shut=down, significant deposits of activity were 

• observed .in the. starboard stainless steel boUer. An external dose rate of 300 

mr /hr -~as measured. 0 2). Nuclides identified .in the deposited material included 

·:c 60. c. 58 F ·59 H.181 d Ta182 .o, o, e, fan 

25 
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8. APPrt-1 SURVEY DATA· 
., 

Oeposited aCtivity wars observ~d at tl,le APPR-1 aft~r. the 'tOO hour 

full po-wer test. Survey data from the first s,hutdown anc;t q~e $Ubaequent sh1,1tdown . . . . . . . . . . ·. . . 

are prSSEmfed tn Table xv<13). : : . 

Location Of 
Survey :Point 

flow Tube. 
Taps 

· Side of Steam 
· Generator 

Pressurizer 
Elbow 

. , 

! ' 

·TABLE XV SURVE·Y DATA FROM APfft ... l . ; I -~ . . ~ ~ . . . 

. Pose Rate (m.r/hr), .i · .: ·: ·-oe.cay·Pa~ .. 
First* Seconci'* * First . · . · · · ·• ·Second .. : 
Shutdown · Shll;tdown: ·shutdown : · · Shutdown· 

. % Q£·: · : · · · · % of · · 

lpO llO· 

45 24 

310 1~Q 

· ·. 1'p~a!· ·. t 11~· ·>total' ::. ·t i/2 

(;2' ;. 
.38 f._:: 

5o>. 
5-n : .... ; 
·i": .. ·' 

: :170 ·hr 60· 
· · · 7 hr •. 40. 

: ~: :67 hr :: •e 
; '· 3 hr . 54. 

· · ·3 hr 
~OQ.g . 

. .. 245 hr 
.·s·hr 

1 co~pmient : · 
· ~oqgfl~v~r~ .. · 
~-- . . . ' : . 

. : ·1 C9l.nPonent 
: ·um~ .... uved · 

. ' 

· * Corrected to. 30 hour a after sntttdpw'l·· F·ir.~t ~~~~ur~m.~f;lt, 3~ l1.QUfS ~fte.r 
shutdown. · · . . : · :. · 

' ::I 

* * · Corrected to time of. shutdown:. First measurement: 5 .. 67 bmirs. a,fter: shut~ . . . . . . . . . 

down. ·.\ _·. 

I .·.· \ 

For both shutdowns, · primary wat.~~ was present in the system · 
. . . . . . ' 

. when the survey was Irtade. After the·first sh~tdowti, whi¢h occurred atthe end 
o : 'I • • • '•, .' • •• • 

; . i. 

of the. 700 hour test~ the system was draineQ:tode~onstra;te._(as p.aTt of Ute, con­

tract) that a tube iri the ste~m generator cmild be pl~gg!3q.: When tile he~d: of t11e. 

steam generator was dropped the dose rate from tbe. d~pqsited tnaterial was 
measured at levels.of 250-300 mr/hr. (l3) ·The sah1e -~ppr;:oximate dose. ~a.t~ was, 

measured emanatingfrom the tube bundle~ 

26 .. 
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. . .. . 

soine te~tative ol>serva.ti(ms for this. APPR data a~e given below: 

·. 1. ; . A quantitative and qualitat(ve difference existed :tor the activity 

' depos~ted throughou.t the system. These differences are shown · .. ' . . . . .. . . .· . . 

by. the decay data .shown in Figu~e 1 ~nd the dose rate .reatjings 

in di,fferent parts of the system. 

2. ; The deposited activity is partly comp.osed o£ a.lo()sely bou11d 

film and·an adherent film as noted by·tne.decr~ase in d.ose. rate 

level after· the second shutdown. · Som~ of the loose bOund film 

m\lst nave bee,n removed in dralning ~~ system during t~e: shut-
. . 

down .. 

3. : The remaining deposited film evidently is suffici.ently adl)erent· . . ' .. . . . 

to remain after draining. the system. 
. . 

. C. DEPOSiTED ACTIVITY . . . " . ' 

Radiochemical data.obtained( 14) 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. sl)own, three values were obtained of the. cpm/nig for the. SFR edge bond= 

ed\sub-assembly wipe sample of each nuclide .. The small amount of crud collect­

ed-;.was not weighable and as such did not allow direct specific activ.ity determ~-

nations. 
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.·;TABLE XVI. WWE: SAMPLES FOil SFR E.OGE BONDE;D SU;BASSEMBLY .· . .'. . .. . . . . .. '. '•. . ... · 

·• Nuclide 

·. c 51 . r 

~. 

. . . ~ 

Activity 
·(cpm/mg) 

8.3~x106 

8.20xto6 
.. 6 

.3.96x10 

6 2.04x10 

2~00xto6 . • .. 
. . . 5 

. 9~ 6.6x10 · 

4.3~xto5 

5 
.4.27x10 

2.06xto5 

N:ucl:ide 

Hf 181 (17~} 

Activ:ity 
(cpm/mg} 
. 5 
. •· 31xl0 : 
. 5 
:4.2.x1Q 

s· 
2.04x10 

. . 5 
2. 78x10. 

. 2. 74xto5 

: 1. 32x10~· · 

. a·· 
5~23xlq 

6 : 5. 14x10 
6 . 2. 48x1Q 

Wi~e samples can generally only show the activity of the loose 

deposits. It is. conce.ivable that the adherent film might h~ve different .compo­

sition$han tnis wip·~ sample although experimental ~ta is lacl~ing to demonstrate 

·.this point. 

Table XVII. snows results(l~) from th~s sam.e operating perio~ on · 

water an,d.cru,d~ .. Of interest is the ratio of crud activity tq the. total water and 

cr\ld activity. Of significance is the wide variation qf th~ percentage of crud 
. . 

. . 

activity in the wate.r~ ranging fr~m 25 to 100%. Should the former value be cor ... 

· rect, .it would .appear that the purification system sees more ·soluble. nuclides than 

. insoluble. 
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:_ TA.BLE. X\11 RATIO OF CRUD ACTIVITY' Tp TOTAL AC';r.IVITY. :: 

. .-.-.-Total A:ctivl.ty 
. (cpm/ml 

; . 
. ' 

:_ Cru.d. Activity 
(cpm/ml . 

·Ratio of Cr~d · 
·to. Total ,1\.ctivity. 

. . . ·:. ' .. 

. 2180 
2500 

·1990 
1410 
18.50 
2142 
18~0 ; 
950 

.1150 
1210 

.1440 

:; 

. . 

'. 

,. 
':I. 

748 
756 
50. 
495 
675 

.760 
878 
960 
625 
863 
950 

. . . 

D. . . CARBON STEEl, VE~US ST AIN~ESS Sl'EE~ 

l 
'. 

: 0. 3. 
. o. 30 

0. 25. 
o. 35 . 

' o. 36 
0~35 

. o. 48 
. 1. 01 

·. Q. 54 
.. o. 7'1 

o .. 66. 

Sigliificarit differe11ces at the ·e-l.j,W ha.v~ 'be~n obseJ•ved on b.oth 
' •' '' ' ' ' • ' I ' ' .. 

. the depositipn and. the :radiation eman~Ung fro!Jl d~p9sit~ on t)le carbpn ~t~el 
. , . . I ,• , . , I ' 

boiler as compar!e.4 to the st~inle~~ $teel l;>oil~r. f~g1.u·~ ?. i~ a s.rap4ic p;resen- · 

tation of activity observa.tions(lfl} during operation for. the. two types .of neat ex-

changers~ 

Dep?s ition o~c;urred in both· heat ~xchangers and. the external level 

·was aJunction of power level. The .. carbon s~eel port heat exchanger had no ac~ 

tivity at the beginning of the. test so the build-up is from tirne zero. Of interest 

.is the stainless st~el heat exchanger' which already had prior deposition, yet the. 
. . 

difference in. level did not increase during. subsequent runs. . . 

Measuremen~s on the two heat e;,c:ch~uigers(l 6} for ~xternal dose 
. . . 

rates and.type of deposition are summarized in Table XVIII. 

. ' 
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~T ~X.,E XVm •. CARBON. STEEL ~RSUS. ST AINL~SS. STEEL 
. . . . . . .· . HEAT EXC-HANGERS , . . . 

Parameter . ' . 

N~ture qf deposit 

· "_ Th,ickness ()f depo~lt 

; External dose rate(. .... _/-"" . . . . ' .,.-·· 

. lritermd :dose rate -~ 

. ·.:: . 

Carbon Steel, 

Lqosely aclherep.t 

. 500 mg/ d~ 2 0~ i~let to 
70 m,g/ qJil· . on outlet 

250 = 35.0 mr /h~ ) 
I 

Inlet 2. 5 - 10 r/hr · / 
O~tlet .1 r/br · 

. . : . 

Stalnle~S. St~el 

'J;'igJltly ad~erent: 

. Thin, uniformly 
· distribute(i 

350·- 450 mr/hr· 

· Uniform - lr/hr 

and. the deposit was la,rger in qU;antity than that ~n the stainless steel unit. Since 

· . the corr9sion. rate pf carbon steel .is higher than. that of stainless steel, the, larger 

amoup.t of deposits is expected. · The specif.ic activity of the carbon steel deposits 
. . - ' . . 

was.lower than that _for stainless s~eel, but the product of specific a.ctivity and 

quantity .cantr.ibuted to a.larger total amount of overall activity fuan that for the 

st~ln,lesa steel. Although the to~l carbon steel a,ctiy.ity was larger than that of 
. . 

. the stainless stee,l, .Us ex~ernal dose rate.·was Jower. than that of the stainless steel 

he~t exchanger . 

. . Table·X!X presen~s d:;tta_on. the corrosion rates of car.bon, aad. 

stainless steel w.ith ~e ·relaUve amount of crud res~lting_-frm:n both of these heat 

. exchangers~ The higher corrosion :rate-for carbon steel overshadows the small 

.~tal surface area.i3ufficiently so that the chem.ical composition of the. ctrc.ulating 

crud ma-r t;>e controUed by. th@ carbon steel corrosion prodlJct composition. · 

32 
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. TABLE XIX: EFFECT OF. CARBON STEEL ON CIRCULATING CRUD 

·Rel~tive . Corrosio~ R~te . Amount of 
Material .. Surface Area· . · (mg/dm /mo) · ·Crud(Relative) 

.. 
Carbon Steel ,: ·. 0.23 30 .60 9 

. Stainless Steel· 0 77 5 . 3o 85 

-. 
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· IV. .~OSSIS.LE PijENOM'EN A :IN AQ.'riVJ';I'Y ·. ~Uil.sD·,.. UP 

Various tnech~ni$mS have. been .-proposed aa P.os:sibly c,a\leing)h~ ~9Uvity 
. . . . . .· . . ' . 

build.-up on. prirpaty system components .. These inc.~ude S\lCh pl,le~o~e'Q-a as 
. . . . ; . . . 

deposition, plat~ng, and atom exchange. ·Ail of th:ese~ ~t: this time of w.:riting, · · 
. . . . . . . ' 

can only be: e;o~sH;i~;red preliminary theor~es with :insuffici~nt .evidence ~o support . ' . . .. : . . . ' . 

any ·partic~lar one as the major phenomen~.. It is extreme~y c;ioubtfu.l t.hat ~ny con-
• . . , , ' ~; .:· ·. · ',, . ' , I I : '· : ': ' ' , 

elusive m;echanis~ will be·form\llated: until more experill,lental re:in~ltS ate Ob-
.... ,, .. 

. tained. 'I 

A. . . . 

· :.~arJyhi 19S6, d~ta pollecte4 ats .. ·~-~ ~aa ·~nt~~pretectU'7) to 

. imply that the spe·c .. ffic. activity .of ligntly acihereilt :deposits :'on a r~inovable :~pl:) .. 
. . ass'embiy w~ of the same' order of magnitud~ as. the specific acti:v(ty Qf ci,rcu-

. lating crudd W APD sul;>sequentr~ 'tnitiat~d a ~tu.dy: on Ute ~c.tivity thi11~~~rt phe­

nomena in which additional quantitative data ·~~re .pbtained ,to furtp~f leti~ ere.~ 
. . . . . ' .· . . . 

de nee to these observations. In the quantitative· study, the specific activity ,of 

. the deposited matetial was st~died and comp~red to v~lues of ctrc~iating crud 

spe·cific ~ctivity as shown .in. Table XX. (IS) ' . 

I. \ . 

\ ,. 

\'. 
· .• 

.! 
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... TABLE xX SPECIFIC ACTiviTY OF CIRCULATING AND DEPOSITED CRUo . 
. . . · . ' . . .. . . . :. . . . . : .. ··· · .. · ·,·. . . . ·: ·:·· )! . . . : .. 

Jso(ope 
.· 60 

Co 
.· 58 
:co 

C 
.51. . r ,. 

.Fe 59 

. 95 

.Zr · 

Hf181 

: Range:, SA (dpm/mg) Circulating 
. ·Upper· Li~U · Lower :Limit 
. ::. a-
4.~1x1o 5.11x1o5 

1.~5x106 l. 63x10 
5 

15.~ 10
4 4 

:X: S~35x10 

11.0 
4 

:x:10 · 3.99x10 
4 

' 

13.Q x104 2.85x104 

. ·.. ; 6 6 
. 14.'5 x1Q l. 57:x:10 . . . ,•. . 

. . . . 

. Range, SA·(dpm/nig) Deposited . 
. Upper ~imit ·· . Lo"Wer Limit . 

. 5 
5. 94x10 . 

. 5 
l.07x10 

. 4 
3. 83x10. 

. ·. 4 
1. 64x10 

' 3 . 
3 .. 68x10: 

. .. 4 
3.90x10 7. 12xl0 • 

2.:12,c104 9.;10,c103 
. . . ' 

. . 5 
6.79x10 

. . . 5 
.1. 76?Cl0 ·. 

. . '... : . . 

Alt,ho_ugh these results appear to. sup~ort this. theox:y,. Ute data 
. . . 
was obtained by smear samples. The loosely bound material IIlay be related. to 

.·the circulation crud specific activit¥ but whether or not the entire deposits foli~w 
. . . 

'this correlation, only extensive experime~tal work.will determine~. 
. .· t 

ln this same W APD study it was stated an i~verse relatlon~hip ... : . . 

existed.betWeen activity crud level and.crud specific activity. (19) The data is 

shown in~ Table XXI. 

. . 
. ~· 
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. TABLE XXI: RELATIONSHIP BETWEEN CRUD LEVEL AND CRUD . 
. · - . . SP_ECIFIC ACTIVITY ' . . . .· . . . 

. : Cr\ld ,Level 
·(ppm) 

: 0.13 

·. 0. 07 

i 0. 028 

:, 0. 023 

;. 0. 02 

, .. 0. 018 

'• 0. 0~8 . 

', o. 0'16 

.0.016 

.. 0 .. 013 . 

: 0. 010 

. Crud Spec.Uic: Activity · 
. '~cpn:t(~g) . 

·.. 6 
5.75x.;10 

L 08xto7· 
. . 7 

1. 80x10. 

. . · 3. 75xl0 7 

. 7 
.4.75x,10 

.. 7 
.2.75l{1Q 
. . . • . 7 
. 3. 7~x10 
. ... 7 
4.75lC10 

·. 7 
6.0x10 

. 7 
6~75x10 

: 7' 
6.25x10 

rrom the data, it appears that addition~! ~xperimental d~ta is .. 

needed to .confirm this ob~erv~tlon. Should specific activity be a controlling 

factor rather than tot~l circulating activity which. is the product of specific 

· ~ctivity (dpm/mg) and. crud .level (mg/ml), and .. if this inverse rel~tionship exists, 

the effectiveness of the purification system might be significantly reduced. 

For: the S-1-W system, the average increase in ~ctivity per cm2 

during-_ th~s study interval m~ltiplied by· the total surf~ce area gives a v~l\le for 

. tot~l deposited ~ctivity which. is about twice the amount of activity removed by 

. the:demineralizer in the same·inte:rv~l. Combined withthe observ~tion. that 
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activity .in, the l()v.r~er= level reactor compartment increased·.by a. facto~ of two in 

·.the same· interval9 this was interpreted to mean that the p:Qrification.system and 

. the syste:rn walls. }Vere about equally effectiye in removing activity du,ring the run. 
. i· 

· This .is. the basis. ior tn~ 0. 5. factor \lsed in the WAPD eq\ladon wh,ich:will 'be 
. . . . ~ . . : . . . . . . .; . . . . . 

discus~ed :~C).ter. · 

; B.· 
;. '• I 

-.EXCHANGE REACTIONS 
. :. . 

~. . Basic Phen()mena: 

: The other phenomena. which may be Hnportant to the_ activity build­

up is exch;lnge.:. E,xchange. is defined as a c.Qemical reactio·n in which. isotopes. of 
1 • • • ·' . • • . .• 

·. ' . . l; . .. . . :' . . . . . 
. ··. an element l11terc}Jange between. one or more chemical for~~ o~ the· e~einent. The 

. . ; .· . . ! . 

. . driving force for ~be reaction is entropy. Exchange reactions are ~ia~sijied into . : . . . . . . . 
~ 

two: major types y homogEmeous and heterogeneous .. 

. (a) Ho¢ogeneo.us Exchange: 

An :example of homogeneous exchange is the reaction between 

active lead nitrate and inactive lead chloride ln water solution .. 

. These reactions are often characterized by: the reactants being 

evenly distributed in a single phase. All the atoms Involved are 
. . . ; . 

. cherilically equivalent to one another and the reactions ·follows an 

exppn,ential rate law. . The actual exc~ange may be accpmplished 

by ~everal paths including dissociation, electron tranefer, ·and 
~ 

~tom tral}sfer. 
; 

(b) Het¢rogeneous Exchange: 
. . . . 

Thi~ type· of exchange is exceedingly complex ~nd. takes place 
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where: the re~ctants are,.in different phases and: unevenly dis-

. tributed. An example·wotJld:be· the· exchange between solid. co­

.. · halt hyQI'oxide and radioactive cobalt in. solution . .<~O) 

·: Co(OH)a (s) +. Co*++ ~. Co* (OH) 3 (s) + co++ .. 
. ~ . ' . . 

. Hete~ogeneous exchange reactions ~o not follow any .simple.·rate 

.law .... The actual exchange may proeeed.in two steps. The initial . 

step involves a. rapid exchange at th~ ph~se interfa~e .. T~is is 

followed qy a slow rate-determinin~ step wper~in the e~G~anged. 

a.toms ar~ incorporated into a s9lid phase by the proc~ss of self­

diffusion and/or recrystallization. : The actual path will depend 

upon the particular system i.e. 9 solid-solid9 solid-liquid~ solid-

gas9 etc • 

. The rate with which precipitated Ag Br exchanges with the com­

ponent ions is different for the cation and anion. The interpre-

tation for the slower Br- exchange· rate is that the rate controlling 

· step. is recrystallization~ For Ag+ exchanging withthe same pre-

.cipitate9· .the increased rate is explained by more rapid incorpo-

ration iJ?.to the solid phase as a res.ult of recrystallization plus 

diffusion. 

2 .. · Evidence.for: Exchange: 

. The .observation. that the circ\llating crud and the deposited ma-

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

plained by an exchange mechanism. Preliminary informatio11 indicated that after 
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i. 

·complete descalin~~ ;;~.ctiv.ity. was found on the base Jilet~l.itself; pe:rh~ps several 
! 

.. atomic layers belQW tp·e m,etal S\l;rface~ :. 
! 

3. A.dqitional Studies: . 

in :r:eactor systems~ the exchange may tak~ pla.ce between a 
' .. 

. solid st;;~.te. dlspers:edin a liqu.id and solid meta.l surfaces~ No published studies ' . . . . . . . 

were:found on thls.type of exchangeo However~ the. ~xcharige of co60 ;in. solution 

·with various metaf surfaces has been investigatedo (2l) In this study~ • small metal 

.·test specimens were placed in.a Wflter solution of co
60 so4 (50?000 c.Inn:per cc)o . . . 

. •. The rea..ctiop. vessel was so des \~ned th~t- oxy~~n could be e:,c<;ludedo J\{ter<vari- . 
. . . ~ . i ' 

· ous in.tervals of tii~e? testspecimeqs were :reinqved from .th~ active ~Qlutioq·,, · · 
. ' . . I . 

. i 

washed, dried, an~ countedo · Some data. from this study are presenteij \n Table 

.XXIL 
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. TABLEXXll HETEROGENEOUS EXC~ANG~ .Q.F .Co_
60 S~4 ~-SOLUTION 

. WITH. METAJ.., SURF AGES 

Acuvit:Y (cp~) 
'•. 

... Atom.Layer~/c~2 · 
Surface Time of 02 . . ·92· ... '·. 02 ":. . 02 -

.. Specimen Treatment . Ex~hange Present Aosent . Present · Absent 

Co ·Etched 1 ·min. 2,600 .26 

5 20,300 . 9, 60Q 2.·03 0.92 

. i 30 32,000 11,800 3.20 1.18 

. 120 . 50, 100 16,000 . 5. 01 1. 60 

1,440 52,200 17,700 ·5. 22 t.ao 
! 

"' 
' 2,880 40,500 20,300· 4.05 2.03 
, . .. 

_co Ground 120 53,300 24,2QO 5.33 2.-42 
000 

. (thermally etched) 
. ~ 

.Co Cold rolled 120 441500 10, 500 . 4.4~ 1.05 
(etched) 

; 

Ni . Cold rolled .120 47,000 21350 4.70 .235 
(etched) 

Ni Cold rolled 120 49,000 8,600 4.90 .86 
(etched) 

HF 

Fe Cold rolled 15 70,000 32,200 7.0 3.;22 

Fe . Cold rolled .120 103,400 531400 10. 3 .5.34 

Fe Ground 000 120 106,000· 12,800 10.6 1. 28 

. 18-8. ss ~ Etched 120 550 1,700 ~ 053 . 0 17 
' 

. Etched•air 120 340 . 034 
5 min. 

. Etched air 120 190 ~019 
1 day 

:Etched 120 920 . 09 

Grourid 120 . 16, 500 140 1. 64 .014 
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The: following co,nclusior1s were drawri froq1 this data: , · . . . .· . . . : 

. . 

The~·po~ition.of the metal ion in soh.1,ti9n in: th.e·E. M;. F; Table 

rel~tive to t9-e. solid pha~e. metal rnar~edly ~fects ·the a)noqnt . ~ . . 

of e~change. ·Metals .more qoble than th~ metal ion in .solution 

ac~uire less.. activity. Iron, which has a potential of J ~. 44 

volts, ·is the only metal which is less noble than cobalt (potential 

i 0.;28 volts)· and it acquir~d the gre,ate~t amo\lnt of actjvity. 
·. . ; ' . . 

' 
· 2. . The. influence of 02 .deptmds upon the nature of th~. oxide film 

f6r~ed. If· tp.e oxide film is not prote.ctive~ oxygen increa~es 

· the amount of activity in the metal. A. prptectiv~ o"ide film 

markedly decreases the activity by ·li~it~ng .th~ area$ where 

electrolysis can tak~ place . 

. 3. Radioactivity acquired by metal SUl'faces is 'governed by loc;:tl 
. . . . . 

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

the marked in:crease in ·the activity of the ground stainless steel 

sam:ple. 

Of importance is the fact that by this electrolytic mech~nism it 

· . is. not necessary to have isotopes of tlle same element. However, if these ex­

·periments could be. extrapolated to reactor conditions, it ~ould be expected that 

.cobalt activity on the carbon steel exchanger would have been much higher than 

on the stainless steel. Since this is not observed, this can qot be the. only mecha= 

riism operatiVe: On the other hand~ the presence of Co60 activity on. the carbon 
. . ; 

steel boiler. indicates that tP,is mechanism may be a facto~· to consider~ 
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V . PARAMETERS AFFECTING Pti?osrriON 

As a result of the literature sufvey and~personal cantacts? many 
. . . . . ··. . ' 

. different parameters are beHeved to contribute_ to the ~ctivity b'uild=up. As 

would: be expected .in ~ttempU~g to define a new pheri.omeqa, considerable diffe.r-

ences ot opinion.exist on wh~t parameters play a significant par~ in.contri~uting 
' 

.. ·to..- the activity. 

A. : PURIFICATION 

All pressurized .water reactors·~ eith~r in.. qpei;"~tion or being, de-
, . 

signed? i employ a by-pass p~riflc~tion system to m~intain 'high pur.ity w~~er·. 

Althougp equipment variations exist in the different by-pass purifi~ation systems, 
I . '· , ' ::. 

they ar~ bas\cally:·ve:ry silll::ilar. Some systems employ ;:t ·nigh· pressur~ by ... pass · 
' 

system while others? as in the APPR? employ a low P:r~ssure by=pa~s pur~ication. 

It is. dmibtful whether the differences in pressu,re will affe:ct the activity 1:1uild-up . 

in any r.espect . 

. · The basic· premise for the purification system.from the, standpoint 

of the activity_build=up is th~t a reduction.in the total activity will reduce. the total 

amount 'of build-up .. Conseq~enUy, the more effective the. purification? the higher 

' reduction. in. tile build-up of activity. Reducing the t<,>tal circulc~.ting activity would 

appear· to reduce the total build-up on the primary system coll).po~en~. Many 
/ . 

·investigators however? are not in agreement with this l~st statement. They con-
. . . 

. tend .that the specific activity ( dpm/mg) is the prime important factor and· the total 

-. 

activity· is of no major consequence. It has been stated even by some that the puri~ .· 

fication: system is .of no value in relation. to the activity build-up program~ Obvi= 

ously, ¢ons-iderable confusion exists on the effect of this one parameter alone~ 
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In .. the. design of a .purification system~ unfo:rtuna.tely,the location 

. of. the blow.:.down·.line may be ~given.o.ril~,-cqr.sory consideration. If the blow-down 

. line. is inserted: in. an. area where representative portions of. the main: primary 
. . .. 

.. w~ier are not removed, the .purification effectiveness. can be. reduced. · A de.:. 

termined effort should be made. to place the. blow-down.lin~ so as to remove. repre­

sentative samples from the primary loop. 

Since many of the. corrosion prod~cts have b·eep.. found to be insol­

. uble, the p.~:•ime factor.·.in the purification system is the f.Utration ·ability ... I.ts 

ability to remove. the insoluble materials may be related directly to .its ability to 

,:remove activity.· Studies were performed.to show the effectiveness ot filtra~~on 

only in. removing activity .. Table XXIII presents some of th~sdata. (22) 

.. TABLE XXIII EFFJCIENCY OF FILTER FOR REMOVING ACTIVITY 

Long t 1/2 (cpm/ml)(120h) 

Sho:rt t 1/2 .(cpm/ml)(5 min) 

Specific Activity Crud (cpm/mg) 

Concentration: Cr~d (ppm) 

Upstre2m 
1.5x10 

3.3x104 

5 8-lOxlO 

0.12 

Downs~eani 
0. 6x10 · 
. 4 

2.8x10 
. 5 

2x10· 

0.05 

. Filter 
Efficiency 
(% Removep) 

60 

15 

77 

58 

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

half-lived.nuclides were not associated wiith the insoluble material whereas the 

long~lived activity was at least 60% associated with insoluble products. A filter 

could conceivably serve as the enUre purification system if the porosity were fine 

enough to remove 100% of the insoluble material with acceptable pressure drops. 
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.Itis.interestillg:to. specul~te on the.observed.chlange in. spec.ific acti~ity noted. 

Either.-the. finer particles, whJch are nat removed by the f.ilt~r h~ve: less aGtivity 
. ' 

.. per· unit weight or the. filter.· itself .is ~dding .non~ctive. insol~ble products to. the 

·' 
~system. 

. ( 
The most commonly used methoQUn reactor ·operations for ~e-

moving impurUies from w~ter is d!eminer~Uzation. AUhough a demineralizer is 

designed: to remove soluble ~ctivities by e~change, it also serves as a: very efficient 

. filter .. The. efticie~cy. of the demineralizer ltn removbig acUvUy is determined by . 

. tbe decoritam!naUon factor which is the rat!o of ftnfluent to efflu~ut ac~'ivlty. 
' ! . ,. 

( . 
. Data is presented in. Table XXIV on the performance of the. de- . 

. . 

mineralizer at the APPR-1 during the 700 ·hm.nr test. (2l3) At the APPR-1~ the de-
! . . 

' 

mineraU~er a~ts both as a.fUter and an exchanger and consequently activity is r.e ... 

moved w4ether U is associated with sol1!lble or insohnble products. 
I 

.. TAllLE XXIV • DECONTAMXN;ATION FACTO:ijS DUIUNG APP:R-l 
700 HOUR. TEST 

... 

. Equivii.leut Fun UpstR"eam Downstream Deconta,mtnation 
Da.te Power Howrs cpmper cc cpmper cc Factof. 

.June .·4 154.5 18,350 206 . 89 
June 10 220.8 439 100 520 83 

.June 11 240.9 46,700 229 204 
June 11 244.6 55.g 906 337 166 
June 14 · ; ~ . 319~ 3 .499250 436 113 
June·22 .490.9 83,700 258 325 
June 26 588.~ 56,700 160 354 
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B_. HYDROG:EN ]:FFECT 

. ·contrcH o.f .the. corrosion. rele~se proci~ts will control the. rate 
' ' ·.. . .. 

. . . . I . . . . . . . 

·· fouq.d to affect the ~divity lev~l as shown in. '!'able XXV .. A low H2concentration 

'' appatently it1Creases Ute short half-lived. circulating activjty but decreases the 
., '. . - . ' . . . . 

. spec~fic activity of the. crud. Other operating data indicates that hydrog~n affects 

. .the nature of soluble and· insoluble corrosion products, particuhtrly with respect 
• I . , ' ' • • 

· to crud filterability . 

. TABLE XXV ·EFFECT OF HYDROGEN ON: SYSTEM ACTIVITY 
· · -· · · · · (~5~60% Power) · · .-. · · 

Activity: 

:Short-lived· water activity, c/min/ml 

. Spec~. Activity of c:p~d; c/min/mg 

. Long-lived activity, in water 

.' C. EFFECT OF pH 

Hydrogen. Concentration 
100 cc/kg · · 10 · cc;/ltg-

3.5x104 

8-10x105 

·6~10x104 

4 x105. · · 

Varies as. the crud level 

In conventional boilers .it is standard practice to ma~ntain high 

. pH .levels. to minimize both corrosion and deposition of magnetite.on.system 

. _ surf~ces such as boiler -tubes •. Corrosion in condensate systems has .been m1ni­

mized by raising the condensate pH. Recent investigations at KAPL and BatellJ25) 

. h~ve·shown that ferrous hydr:oxide decomposi~~o.ll. is not the rate controlling step~ 
. /'r_~;'F: .. 

' ' 

suggesting_ th~t the re~ction of metal with oxy~en. or w~ter is controlled by a dif-

·fusion process. 
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. Th~ role of pH on carbon steel corro~ion has been demonstr.ated . 

·by recent tests(~a; 27). ;Figure· 3 compares the descal~d ~orrosion rate of carbon 

. steel in ,high temperature w~ter at neutral and high pH. High pH reduced the 

. corrosion rate of all carbon steels tested to about 40 mg/dm2/mo after 1000 ~ours 

exposure ... Thi~ is equivalent to a.ppro~imately Q. OQ02 inch~s of steel·met:;i.lloss 

per yea.:r;-. 

Early observations in test set-ups such a~ those at Chal~ River, 

indicated that pij. control pr()duced favorable resulte; Consid~rable effo:rt has. 
' ' . . . ' . '. ' 

. been expended by the naval nuclear propulsio~ p~o~ra~ to determine: the effect 
I 

of pH o~ corrosion. in.a pressuriz~d water reactor pri~ary .syf;!te;n .. Generally, 
\ 
I . . . . . . . 

high pH {10 to 11) ~as been found to have a beneficia.i effect in reducing t}le qtianti-

· ty of corrosion products released tn an in':" pile stainless steel system. , This of 

course would.affect ~he tota1 activUy deposited on p:rima!ysystem components. 
' 

; The yield.of transportable corrosion products(28) is muchlower 

at high pH than with neutral w~ter and high pH inhibits the deposition of crud . 
.. 

. This inh.ibiting effect is shown in. Figure 4. Compared to neutral water~. the 

.. corrosion. film is quite thick. 

Operation of the S-1-W has shown ·that high pH not only req9ces 

the quan~ity of corrosion products released to the system~ :but those ~hat are re= 

leased are more filterable.·. 'fhese !n~plant tests also demonstr~ted that water 

. dissociation; \VaS not i~cre~sed and.that mechanism performance was not ~fected. 

· Except for an ~ccelerated· corrosion on _chrome-plate wh~n oxygen levels were 

above 0.:1 cc/kg~ operation at high pa has been qQite.benef!cial on general system 
'. 

· perform~nce. 
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. D •. EFFEC~ OF IN-PILE vERSU.S .OUTcOF-l?l~E AREA 
. . . . . i· . : ·: .. 

. ~ . . ' ; . . . . ;- . . 

The :relative b:nportance of "hi flux" tnaterial comp.ared.to nia-
.. , ' ' ' • • I . ' • , 

' 

terial originati"g iq ''out gf. fJqx''. regions toward.s the.totai ~y~tem activity has 
. .· . . . . . . .· . . . . .. 

·not been establishe~t · W.A.PD. anc;l K~L disagree on ~eir rel~tive impqrtances . 

. W AP,D reports thaf"T.he CO'(),tribut~on:to depqsited activity: from activation of 
. . . : . 

circulating crud produced:. by: corro$ion of non-irradiitted surfa.ces has .been neg-
. . . . . ·. 

lected. ii On the olli,er liarid? :KAPL~ · in connection with the $AR project,·· is c.on- · . 
.. . . ' . . ; . : . :, .. :- ' : . ' . 

sidering "o~t of fl\lX"- reg~on$ as a significant, .if not:cont:r;qlling, factor. . . . ' .· . . ' : . . · .... 

.. The ;importcince.of the area ratio is emph,as.i~.ed· in the. ~e~ection of . . . . .. : . ' ,.· 

.. .. . :: . . . . :· •• :: . . ; . ' . . . . •. : ' ;' : . . I" . . . 

· m::tt~rials of .construction~ Since cob.alt is a chief, off~nder in ~.e activity build~ up, 
. . : . . . ,· 

.its elimination frotjl all of tl:ie materials of con~tru..ption would .essentially. ~limi-

nate;the co60 pres:n~e.: This a,pproa~h will be extremely tostly. . .. . . 

If u:appears .that theW APD statements regarding the coqtril>~tion 

of ''out of flux" are.as is valid, the elimination Of· COQ~lt impur~ties in. the high flux . 

areas would 'essenti~lly 'eliniin~te the Co ~0 problem~. Should it be th~· ]{APL as= 
, , , I , , . 

. . .. . 

sumption. th~t is -v~Ud, then the ratio of the. "in flux" ,to ''<:>ut of qu.X" area is j.m-
. . ' . 

portant. Parameters nec,essary to evaluate the contribution of e~ch area include, 

. release r~tes 9 res~dent times in high flux areas 9 and redepos.ition rates .. The 

ratio of the specific;! activity .of the ret'eased material from 'the.~~out of fl~" area 

to the specific activity of the ~eleased m~terial from the co:re .~rea may be the 
. . 

controlling factor. ·. Little data is available, .. ~f. ... ~~~y, to predict wha~ SJ?ecif~~ ac-
. . ' .· : . . . :;..:.-

tivities would result from the differe~t areas.· 
: I 

E. DEPOSit THIC~ESS 
. . . . . 

. The crud dep<?sits that have been repol'ted d~scribe thi~ material 
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as a bl~ck adi1Eire11t .film of magnetite strqcture. It is of uniform thickness and 

.in. -flux·· surf~ce.s have beenfo~ndto h~ve a thicker layer· than that deposited on . 

. out-:-of~flux surf~ces f.or Zircaloy. In-pile specime11s were reported to h~ve a · 

_coating. four times thicker. than the ·0\It-of=flux surf~ces, <29) Although the work 

was reported. on zircon!Q.m coupqns? it appears. that a Siptil~ effect OCCutred on 

stainless steeL . A thicker deposit OCCUl"l"ed on zirconium tha.n on stainless steel. 

Water conditions such as gas concentrations? plf? and t~mpe:r~t~re appear to 

ma,rke~ly e~fect the deposits . 

. J.:}ased on in-pile loop studies?. J;AP:t..(39> beUeve~ that an ~cU.ve 
. . I . ·' . I 

equilibrium thicl$ness do.es occur and that after a certain time pf3riqd. tbis active 

equilibti~m thickness of , 25 mg/cm2 is obtained. Althou~h the thicJ,me~$ reaches 

an eq~ilibrium Us specific activity continues to b\llild up with time . 

. W APD does not agree that an equilibrium ~cUve thickness is reach-. . . 
' 

edand th~t deposits do continue to build up w.Uh time, In their calculations<31) 

for predicting the ~ctivUy, a thickness of . 42 mg/ cm2 was assumed ~ter ·nve 

years of PWR operation. 

F, SPECIFIC ACTIVITY 

·. The specific activity of the circulating deposits is important 

whether the phenomena be deposition or a~om exchange, If the material being 

deposited or repl~ced on a surface rises from crud with a .higher specific activity, 

the ine~itable outcome is a higher build-up .. The total amount of activity, is the 

product of specific activity (dpm/mg) and. total amount qf materi~l (mg), If the 

specific: activity of circulating and deposited crud are of the same. order of magni-

tude and .if the r~te of build-up of deposit thickness is known, a simplified 
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predi(!tiOn of .th.e: total extent Of activity build-up WO~ld result. .from· the data 

presented between the level~ of the circulating crud and l.ts specific acUvity, .it 

is too premature to defjnitely state· the .relationships behy~en the. two. 

: Q. , EFFECT OF FLOW RATE 

· The effect of coolant flow rate on deposition is iJilportant. Un-

fortunately' data ~vailable 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 high flow ar.eas. As an example of the deposition which·might occur at stag-
. . . . . . 

nant areas~reterence is made to Table XV of dose rates after tl)e. 700 hour test at 
. . . . . 

APPR-1. In: the pl'essurizer dead leg area~ essentially no flow exists~ and.the 
. . . . ~-

~arge deposits resulted .. These so-called crud traps probably exi~t in m~ny_ areas 

of all reactor designs. 

H. . OTHER PARAMETERS 

In surveying the literature and as a resuJt of personal con~c,ts, , ; -~ 

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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7 

THEORETICAL PREDICTIONS . 

. A. G EN:ERAL 

All present methods of theoretically predicting activity levels 

depend. upon the. simple material balance i. eo~ 

~te of accumulation ::; rate of formation ~ rate of d,ecay ~ 

. A gene:ral q~Uta,tive. discussion of the phenomena i~volve<i will be given ahdJwo 
. . 

representative equations derived and.discussed. 

1. Rate: of Formation 

:. The (i;:tta which forms the basi13 upon which various phenom~na 

have be~n· po~tuh:tted were discussed in a previous section. In this se~tion~ the 

parameters are. separated to determine their individual effect on the activity 

:problem. 

As previously mentioned~ the .. two more· important mechanisms 

by which .radioactive nuclides ~re added. to the system are rele~se :of active · . . . 
' 

nuclides. from in-flux surfaces and activation of corros.ion products released · 
. . . 

. from strtJ.ctural materials while residing in and. circulating throughflux r.egions . 

. For t>roducts released from in-fluxsurfac·es~ the specific activity {dpm/mg) 

approaches .. its s~turation value according to. the following relationship: · 

·.A = :No o-¢ (1 - e-~ t), where: 

A = 
No= 
r= 
t; 
l -

.t = 

number of active atoms· 
number of parent atoms 
activation cross section 
neutron flux 
decay constant 

. time exposed. to flux 
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. For a giveri ~eact~~? . t~e { ~ ) and nun) per o~ parent nu~lides are 
. . . ' . . . 

. .fixed (assuming constant power level and neglecting bl.ll'nup of. _the :·parent nuclicles). , 
. . . . . ,. . . 

. Consequently, the effort to reduce activity from the :ln-fl~ area· is ppiinarily a 

functto~. of control' of the release.rate.for a p~rticular material of c·onstruction. . . . . 

.. By careful Se~ecti<;>n of the .materials of construction lt i~ po~sible to. limit the 
. ·. . . . . . 

. . . j . ; . . :.. . . . . 

number of parent atoms. T.he other two variables are nuclear properti~s of tl:le 

parent nuclide and hence cannot b~ altered. 

For short half-lived nuclides, thevaiue of (1 -e- 1ltLessentially 

become unity anq ~hort hi:Uf-lived nuclides reach th~ir sat'4ration, activity rapic;Uy .. 
. . ~ . . . . ~- . . ' . . 

Conve~sely, the s~ort-lived nuclides ~e~ay more rapidly and dQ. not ·offer the 

. long-range accumulation,pr~blem associated witll long~Uv~d nuclide~ .. 
. ., . . . . . 

Fo~ parent nuclides released from out ... of~flux structurai materials, 
' ' . . . . . . . ' ' 

. . 

it is felt th~t deposition on in-flux surfaces? especially f\lel elements, will have 

a.pronounced effect on activity levels. With time in the h:i.gh flttx area, t~e 
. . . 

nuclides will a.pproach their saturation activity and' consequently when released 

will make a larger contribution to the activity problem. 

2. Rate of Removal 

The other factor in the material 'Qalanee that determines system 

activity levels is the.rate of removal.of activated products. The active material 

. can be. removed from the system by four recognized.mecbanisms: purification, 

deposition, atom exchange, and decay .. Of th,ese four mechanistns? only ciecay and 
. . . . 

rate. of purification have been considered to~ date in most theoretical approaches. 

As discussed.previously, an empirical deposition factor of 0. 5, howe:ver? is used 
.. ; 

by W APD.to make aeorrection for deposition. All of the present equ~tiona. assume 
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a. known fraction of the activities are. removed by the ·pur.ification system. Re-
- . 

moval of the. radioactivity due to decay is. the only·mechartism that can be. clearly 

·defined. 

Rele~sed nuclides, are principally insoluble and~ for the most · 

part~ activity associated with water is mainly due to insoluble transport products . 

. Before-the purification system can remove all the insoluble material,. deposition 
. . 

. often. can occur .. Thus the actual effectiveness of the puri,fication system with 
. ' 

respe,ct to controlling radio~ctivity build-up has not been clearly established. 

Assuming 100% remo~al as is usually practiced is certainly not true as ·indic~ted 

. in cert~in- equatio~s. . The contribution of purification towards controlling activity 
' . 

·build-up will be a.definite. function of the magnitude of the deposition. and: exchange 
; .· 

phenomena. 

. The remaining two mechanisms for removing activity from the 

-system :are deposition and exchange .. Until only recently, both factors were ig­

nored it} -predicting system activity levels and even now arbitrary corrections 

are appiied to existing equations in an attempt to m.ore nearly approach experi-
• • ' ' ' I 

meJital values. N:o published equations attempt to include exchange effects . 

. B. W APD EQUATION 

•. The derifation of the equation which currently is used at W APo(31) 

is given:_ below .. The. differenti~.l form for accu,mulation in a core is: 
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dNC . p 
'dJ 

. where: 

= 

Q~ = concentration of atoms being activated by reaction 

lra = 

¢.e -

'a(n, "'(:)b,. (atoni·s/gm alloy) 

thermal neutron. cross sectio~ (cm2/atom) 

effective thermal neutron flux·(n/cm2-sec) 

(1) 

c 
Nb. = . concet:1tration of atoms of isotope b formed ~n core by 

. I 

by a (n, Y)b (atoms/gm alloy) 
. . . " 

~b = decayconstantofb (sec- 1) 

t = ·.time . (sec) 

I. 

·' ·:·;. 
The solution. for the first order linear differential equation is: 

~ : . . . . . . ·~ 

N~ = Qacra (/Je (1 = e-~bt) · ... (2). 

il b. 

Since the ·Chief interest is in the rate at which activity accumulates . . . 

on primary components~ the analysis continu·es as follows: 

c 
dN· :b 
d.t 

where: 

= 0. 5 0 0 4 N~ 
As 

C = overall corrosion rate (gm/cm2- sec) 

. Ac = area exposed to water in core (cm2) 

As = . Area of primary syste~ - deposition area (cm
2
) 

N~ = atoms- of bdeposited in system (atoms/cm
2
) 

{3) 

0. 5 = assumed ratio of deposited cr~d to total system crud 

If the half-life of b is small~ ( 1-e = 1\.l;>t) approaches. 1 and N ~-is 

a ,constant. S\llbstituting. the. value for. N ~ from eq\llations 2 and solving the 
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: c . c ~ l bNb. Q. 5. C Ac Qa o-a.,., e 
o o· • ( 4) 

~b As 

On.¢e again ( 1 - e - ~b t) 

= 0 0 5 c Ac Qa c rra ¢ .e 

i' bAs 

.,· .· 

~ · ,1 since the half-life is small. 

0 •· 0 .( 5) 

However, .if the half-life is not small, equation 2 must be sub.:.. 

stit:uted as a Junction of time into equ~tion 3 ... 'l'he resulting d~ferenti~l equ~tion 

. is still :a linear first order ~p.t the solution .becomes: 

= · . 0. 5 C Ac Qa eo-a ¢ e ( 1 - ~b t e -l t 

~bAs· 

- ~bt) 
-e . ~ . (6) 

These equations of W APD are the only ones which presently make 

an effort to precikt deposited activity. 

Soine interesting_ observation A of the above equation are listed 

below: . 

1. , The formation of n~clides in the core and .the deposition of 

nuclides throughout the system is expressed on a weight basis; thus, .essentially 

.specific activity (dpm/mg) is considered. 

2. The.overall corrosion rate is considered.equal to the. release 

·rate .. Since:the corrosion rate is higher. than the release rate, a source of error 

. exists,.: particularly for long irradiation. time. 

3. Deposition is cons.idered uniform in the .flux as well as out of 

'· 
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th~,flux. region.: J?:ata·ha,s been presentedindi~ating:;that ~here 1s ~thicker· layer 
. . . 

. ·on, ''in...;fllll'" regions than. on the rest of the system~' 

. 4. : Nuclictes .result only from irradiation, qf a.tr~ctur:d mater~a,ls 
. \ ·. . . :: : . . .· . .. . . 

. located.in "in-.flUX," regions' .. It is very probable that tar,get nuclides which are 

.releas~d.from '·'o~t-of-.Hux':' regions :and subsequently deposit in ":in-flux'·' areas 

are also a major COiltributq;r to syStem activities. ;: 

5. ' Exchange reaGtiOt:lS are not considered.~ 
·' . : 

6. " The q. 5; ratio of deposited cr\ld. t.o tot~~ crud .i$ an arbi~rary 

. value. 

7. ; If t= 0 is assumed as any time other tba~ the actual staf:t7 up 
. . . . ' 

time,. account would have· to be taken of the active nuclideS. which :;remain in the 
. . ' . : . . '·1.. ' . . . 

system as well as those actuallyformed.in the new irradiation interval. 

8. Only ( n ~ l"') react~ons are cons iderec;t ... An indirect specific 

inethoq was given which makes it po~sible to include the ·ob_served ( n-p) prod~ct . 
58 

Co . 

. Even with these apparent shortcomi~gs~ tP,is equation is probably . . 

··the best presently available:. Observed deposited activities can still at best be 

·only appr~ximated within perhaps an order of magnitude.· 

C. KAPL EQUATION 
. . . 

(30) . . . 
<' The most recent equation used by KAPL . . is. as follows: 
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1\ N ·, = 
C· 

where: Nc = number of ·active n~clei 

N = number of target nuciei 

r = . thermal absorption. cross section 

"' = decay constant of active. nuclel 

t = ·· time. of oper:;tti()n 

· '/Jc - thermal flux in the core 
.. ' 

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

previou~ section.:: The next step. is to establish an equivalent area expose¢~ to an 

. equivalent .flux. 

, This .is shown below: 

where 

= r/J c . A core 

= . average therrrial flmc over stainless 
steel area . As.· 

~ = core thermal flu."'t c 

Acore= . pseudo area of stainlE;!SS steel 
which. can be considered as in the 

· core fluX 

:~The fractionof·the total system corrosion of target n~clei which 

.. is already active is (located .in ,;in-flux" regions): 

.f = r" -~ Acore 
A total 

where: 

• 0 • (8) 

A = . total stainless steel area exposed. to primary coolant 
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·dNw err .. 

where: • 

' . ·' 

f. 
· Th~. differential equation:-is· then: 

. . ; . . - ... 
. !• . 

. ;· .. 

?• • .. 
. N eq r,.. ; p ~ W· + . p f Neq - 1t N.w ' (9) 

: ';r ·.. . T . ~ . '· 

. . . . ~ ; ~. : 

s~Iri of produCts of ave.rage··flux i~:.each.r~gio.n a.n<i: 
. time: in region in each prima;ry coqla11t cycle 

; • • • : :-. • '. ! • ~ .. , 
' 

: '1' > = · . tptai cycle Ullle (~H~C} · 
.. 
! .. 

p: = 

. -

• This equation can.be simplified by a.ssumi~g that:· Nw = 0 1· t = 0 

and. that~ ( ~ + 1l } t ?'">. I . .· T 

:. Nw· = l~d!iti + """c -~ Acm~e) Neqrr-
. · . .• " ''Y · 'I' ~ A to.tal · u ~ A: . : ,.- N . - 'l t . ( 11} 

~~~~c . core v eq. · e . · > . . · · 
P + 1\. t i\ A, total· · 

The assumption leading_ to the simplification was. shown to l;)e . 
I , . . 

~alid.for·all times·greater than twenty hours. 
., 

An e~amination of the equation and q~rivation, leads to the f~llow- . 
~ . . '· . .. ·. . . 

ing observ~tions. 'Deposition is ignored entir~ly·with the following conseq,uences: 
~- : : 

... ·· 
;, 



--1 

(1): Th~ demineralizer is assum:ed t() see· alf the released cor­

rosion:-prodl.Jcts and remove a known fraction periodically.· Data has b~en 
.... · r 

.·! .... ·. 

present~d to show. that this is not a valid aSsumption. 

(2) The t~rget nuclei released.from "out-of.,.flUx'' regi'ons do~· ·' 

not depqsit on "in..:flux" surfaces but become irradiated only as a.result of pass-

ingthrough the. core while suspended in primary coolant. 

(3) If this ideal condition were the case, no accessibility problem 

:would e~ist since all activity could be removed by draining the primary water~ 

·Other observations are as follows: 

(1). The equation is solved.on a volume basis (dpm/ml) and, con= 

sequently~ .increaS.ing ·purification How rates reduce the circulating activity. 

(2}, This equation gives some weight to target nuclei originating 

elsewhe:re in the. system and activated· during circulation. 

(3} As in the WAPD equation, the-corrosion rate is assumed 

equal to the release rate. 

' . ' 

{4): The equation is str.ictly -valid only if (t} is the actual time 

of start;.. up. No provision is made for activity remaining after a decay period 

·which .. would have. to be added to the activity found during_ the new time interval. 

(5) . No (n, p) reactions are considered taken. 

{ 6} . Exchange reactions are. not considered. 
) . 

From the discussion. of these. two equations, many shortcomings 

.in . predicting syst~m activity levels exist. Only the· W APD equation makes any 

·effort to take i~to account activity deposition which is probably the major cause 

of the accessibility problem._ These shortcomings can be eliminated only by an 
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eXperimental. program . in.: conjuncti()n. with· a_ co.n.tinuous .. theoreti~al effort. 
. .. . . . . '• . . . . . . .•/ ... : 

.. D~ PWR :PREDICTED A"CTIVITY LEVELS . . . . . . . . ·. . . . . : . . . -. . . ~ : . . . . : . 

. : l':redictions. with: the· W APD equation h~ve .. been made. regarding 

_:the possibl~ ~ctivlty·build-up on,the-·})WR·. (
31\ ':J:'he results of this workis 

. . . . .• . . . . 
. . 

. show~. in .Tab~es :XX~r XX~ and, Figures 5 a.nd 6 •.. in: their calcula~ions, over-

~1 corro~io~:rates for all ~at~rials except T,ype :410 stainless s.teel was 
.· 2 . 

2 mg/ dm /me. . As. ca~ ~e. seen;. the: estimate_· for cobalt. activity .is. the. dominat~ 

. .tng. ~cttvity. 

. . 

.. tAB,I,~, XX:VJ;.·" OOti'l:~;'Q~O~ OF ~1'-WIVJPU AI, f.Wli CORE 
. . MATERIALS .. TO DEPOSITED ACTIVITY 

. . . 

·. 304. Stainless. Steel . . . . , . . . . . ,' . . . 

.StellUea 

· ·~ Ha~s .. 

'Hafnium 

• ~ •• • • :. . . • • • ' •I. •' . • ' • • ......... . 

··%of lndi~ated,Activity Or.iginating in Mat~rial. 
· ·At 1 Month . ..at 5 Years 

·· .. Total · · . · Co 60 t 'l'otal . Co 60 

.. 

·.13• 2 13.8 13.7 13.8' 

1.5 5.0 5.6 5 .• 0 

.• ·1'1. 3 .. 76.4 .74~5 76.4 

0.1 4.7 4.6 4.7 

67.8 2.2 

•.. ·· Other core materiats (17-4 PH stainless steel,. 'I'ype 410 

. stainless. steel; chromium~ ~nd gold) have a neg.igible 

. · col)~ibution to. the deposited activity .. 
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. TABLE xxvn. CONTRIBUTION OF mnivmu.At'!RADidNUbLIDES: TO . 
. . · CALCULATED TOTAL DE~OSITED SPECIFIC AC'rl\T!TY. 

,: ~ '· . . . . . . .. ,, 

Percentage. of To~l Activity Due to.Ind~cated N.'!lcl~d~, ... 
Nuclide 1 Month 2 Months ·6 Months 1 Year·· · · ·5 Ye·ars 

51 ' )~·~ .. : ~: ~ .: ::. '· .. -~ .-.. . ~ ·I.= 

Cr 2.9 1.9' LO 0.5 

.56 ···o;4 · 
0 .. 1. r, . :;·: l ~ •• ••• 

Mn 5. 2' .1.7 0. 1 
59 ... 

Fe 2.8 2.7 '1.9 1.0 0 .. 1 

. c .58 
2~0' ' 2.2 2.0 1.4 ' .0.1 

. !.: 

. 0 

60. 
19.0 24.5 45.5 70.4 97.6 .Co 

Hf 
175 

9 .. 5 .. ' 10.~ 9 .. 5 6.2 0.5 
181 :· 

Hf 58.5 56.9 39.7 2Q.4 -1.~ :6 
'99.9* 100.0 • 100.0 100.0 100.0 

* · .. The • remaining. 0. 1% in. ·thi~ cas~· is d~e·· t~ .~in-~r. amounts of Cu 64, Ni 65 
. . ·. . 

T 
182 w. 185 d:w187 ·.· · · 

a , , an . . 

.· The.table. is based on maxilnum calcUlated hafnium activities . 

. . ··. -:· 
. . t-, ,;· .· . 

TABLE xXVI;ll •. CALCUL·ATED CRUD BUILD-UP AND ACTIVITY DUE 
. TO CRUD IN ~WR AS A FUNCTION OF ':fiM.E AT 

CONTINUOUS FULL POWER OPERATION 
" 

. -~ 

:·.Total AmC:n.mt 
,. 

: Total Deposited Specific Activity 

-
"• 

::: 

... 

. · of Depos Ued;Cr1,1d, Crud. Activity .. •·. of Deposited Crud 
_,·Time (mg)' . · (Mev/sec) ::tMev/sec/mg) 

1 month 3.88 X 10 
5 . . . 11. 

·1. 12 X 10 · · . ' .. ··2~'89 X 105 

2 .months 7. 76 x.lO 
6 

3. 45 X 10
11 

4. 45 X 10 
5 

6 months' 2.33x.10 
6 

1. 63 x 10
12 

7. 00 X 10 
5 

. 6 . 12 5 1 year 4. 66 x.10 3.99 x.lO ·8.56x.10 
. 6 

1.16 x 10
13 6 

2 years 9. 31.x 10 1. 25 X 10 

5 years 2. 33 X 107 · 5. 16 X 1013 . 6 
2. 21 X J.O 
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.KAP.i (32) estirn~ted.the ~ctivity b~ild-up for. the S-3-G which 
. . . . 

utilizes.- zirc::tloy ·Clad elements. . The results are shown in Tables XXIX , XXX 

and:Figure 7. Ag,ain the i~pprtance.of cobalt is emphas.izeci.:· 

. . . ' . . 

·. TABLE; XXIX~ · w~A'rER ACTI.VITYIN oxs/sEc/cc AFTER E~ F.P~H. . . ~ . . . . . . . . . . . . . 

';• Element 100 500 1,000 3,000 6, ooo: 
. 59 .. 

Fe· 0 56 1. 6' ·. 2.5 ·4. 4 4.9 5.0 
.. 58 

'.co . 0 16 .7 1..3 ·2. 8 3.6 4.0 

z 95 r .. 04 .18 . 31 . £?4 -~-

181 
.; r 

Hf . 37 1.7 2.8 5.1 ---; 
. c 60 ( . i . a.l) 
~ .. o: or ~m 0 3 1~ 3 2.~ 

I 

·7.6 14.4 23.4 

165 
. 60 . / : 

::Co (modified) 9.0 39 .• 0 69.0 1.32 159 

I ':I'AB.LE XXX. ,, OOSE R.ATES, 15 MINU'}'ES AFT~R SHUTDOWN 
AFTER 2700 E. F. P. H. 

·water ·Surface Dose 
. Activity . Dose Activity Rate Total Dose 

~.Element . dis/sec/cc ·rate mr/hr dis/sec/em mr/hr · · rate, Wtr/hr 

59 .4. 2. ~ 017 
. 3 

2.9 3.0 Fe 2o 1 x.10 

. 58 ·Co·· 2.6 . 007 
. . 3 

. 1. 3 X 10 . 1.2 1.2 

.zr95 Oo 6. 0 011 3. 1 x.lO 2 
0 278 0 29 

181 
5.0 o0006 

. 3 
~805 Hf . 2. 3 X 10 o8l 

60· 
6 .. 9 .06 

3 10.3 10.4 ·Co 3. 5 X 10 
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~:·~ FIG.7 . 

.. >s3G/S4G PR.IMARY. COOLANT PIPING DOSAGE 15 MINUTES 
AFTER REACTOR SHUTDOWN. 
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.·.· VU· DECONTAMINATION 
. . . ' . 

: Excessive ra<Uation (lose rate~ from coJllpon.ent~ of ~ pressuri~e.d .water 
''. , . 

. . ·system pose se~i(}us <)peration.~l and. maintenance ha~a.rqs. Such :a, condition 
' ;.: . ' ·' . . . . ' . ' . ' . 

• ·.could be brought aoout by qne of two means or. ve~y· po~sibly a co;mbinatioP, of 

·both. 
.I. 

>, Th~se. are: 
. .,,· :. ·. '"I .. ·; ' . 

• 1. Deposition. of activated .nuclides (corrosion products, coolant irn-

:: puritie~ ~ etc. ) On ;com.pOt\f~l.lt ~urfa~e~ d~fjn~ norm,ai Op~~atiOJl .. 
. •. : . . I . . ' . . . I I : ' . I . . . I I' . : ' . . : ~. I • . . ' . . . . : . 

. 2~ A sudd.~n f~leas~ of fi~sio~ P;r~y.ct.~ f~om a rMPtl:lred fuel e.le~e.~t. 
• :; • .. •• I ' • ; • ~ I•' ·, '• .. • I ,••. ·• •' \ ~~ : :.. I • / • • • .;, • • • 

As ye.t~ no m~thod has b~en found to Gontvpl or eU~itl~t~ eitA~r'qf the-aboye 

· mentioned ph~noq{ena; ·. This being the case, the alternate· approa~h of, re~oving 
. . I , ' ' , 

,: , • ' I • , : j ~ , \ : • ·. , • I I 

activity from system components has beeni. the subject of much. investigation . 

. . . These .investigations qave CEmte~ed arouti~ th~ hope of fi~ciing a sqluUoQ_~at 
. ·, 

. ' . .!1 . . 
when circulated through a loop, ~oul<:t remove activated d~posits from component 

' 1 ; I . •' ' ' ' ' ' I • 

·surfaces without producing any, d~leterious effe,cts o~ ·th~lndividti~lloop com-

ponents. 

A.c INVESTIGATIONS. TO-DATE 

: The majority of info~mation presently avail~ble pertaining. to decon­

tamination resulted from studies conducted by'W API). Their work has been . . . . ' . . ·. . \. · . 

divided into two general categories~ · .. 

I Laboratory and bep.cb,=~c~le investigations.~· 
• • •· • 1 • 

II Full-scale. trials on equip~ent aQd pl,nts. 

A description of pro~ress top.d.ate on each ·phase of this •work "follows: 

67 1
" t 

' .. .. 



·B. . LA,BO,RATORY AND BENCH-SCALE INVESTIGATIONS 

·.Solution (A) (See· Table XXXI) has been. tested for uo2 and fission . 

. produ,ct removal(33) in a small scale loop (Bettis Loop ~o. 4, Runs 1, 2, 3, 5, 6). 

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

when. the·loop was used in a feed-andosbleed once..., through procedure (Runs 1, 2) . 

. Feed-and-bleed recirculation runs (3, 5, 6) yielded.decontamination factors of 

about 5 within 30 to 35 hours. 

TAJ3LE XXXI~. DECONTAMINATION. SOLUTIONS E:MPLOYED( 33' 34) 

Solution 

. Description 

Hydrogen. Peroxide (g/L) 

A~etanilide (g/L) 

I:Iydra~i~e (g/L) 

. ·Tetracetic Acid (g/L) . . 

SuHamic Acid (g/L) 

Hexamethylenetetramine (g/~) 
. . 

Temperature of Use 

pH 

A 

·Dilute 
Oxidizing 

0.3 

0.1 

0.15 

0. 2·5-0. 5 

0.1 

250°F'-300°F. 

~. 8 - .2. 3 

B 

Concentrated 
.Oxidizing 

1.5 

0.5 

0.75 

2.5 

. 0. 5 .. 

250°F-300°F 

.1 .. 5 

c 

•. Concentrated 
Reducing 

5 

3. 5 

25 

1.5 

At the time of this writing no information was available pertaining to acti-

vated_ crud removal from. stainless steel on the bench-scale tests conducted at 

.WAPD. 
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2. h_Studies Applicable to a Carbon Steel System 

For the removal of uo2 and fission products· from carbon ~teel, ·high 

pH oxidizing solutions, which have been investigated in conjunction with stainless 
. . 

I 

steel~ might prove satisfactory. W APD is presently involved in a. study of this 

problem. The removal of activated crud from a carbon steel system poses a 

serious 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. FULL-SCALE TRIALS ON EQUIPMENT AND PLANTS 

Several large-scale runs with reference solution (C) have been carried · 

out in decontaminating stainless steel systems coated with activated crud. ·xn- , . 

eluded in this category are the fill-and-flush decontamination of the KAPL-120 

loop and the feed-and-bleed decontamination of theW APD-29 loop. 

1. KAPL - 120 Decontamination 

. In order to. proof test the fill-and-flush method for removal of antici­

pated S39/S4G corrosion products, decontamination of KAPL-120 loop at W APD 

was prescribed( 35). This method was chosen because it required the -least amount 

of system modifications for decontaminati~n of the. S3G/S4G steam generators. 

Loop Parameters: 

. Pumps 

Nominal loop flow rate 
Loop Material 
Total loop volume 

Loop surface area 
. Charging pump capacity 

3 Westinghouse Type_ 150C 

( 3 in parallel - 2 in operation) 
31-33 gpm · 
SS Type 347 
40 gal. circulating 
35 gal. pressurizer 

.142 n2 
10 and 15 gph. 
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. 2o Test Results; 

During this· test the in-pile tube had· been isolatedfromthe out-of-pile 

portion of. the Jo~po .. Composition of the concentr~ted reducing:solution· usedfor. 

this test is g:iven i~ Table· XXXI (solution C) o . The decont~mination factor afte~ 

a sing1E{3-1/2 hour treatment of the loop followed. by repe~ted water flushes 

. ranged from 2 to 2o 5 as evidenced by dose-rate readings at selected points through­

out the loop a Samples of the decontamination solution and of the. initial \vate~ flush 

indicated.that approximately 100 grams of corrosion products (Fe3o4) were re­

movedfrom the loop .surfaces a Radiochemical analyses of the solution established . . . . .,· 

.that Co 60 was th.e ~ajor. constituent contributing to the gamma dose rate a 

At the termination of the decontamination test a 2200 psi hydrostatic 

. test indicated no leaks. Table: XXXII lists decontamination factors at v~ious 

points. througnout the -loop . 

. Do WAPD-29 DECONTAMINATION 

The rupture of defected PWR fuel test specimens on June 18 and 26, 

1957 ,, result.edin the rel~ase of .irradiated uo2 and possibly A~2o3 ..; uo2 sintered . 

. fuel material into the loop resulting in contamin~tion of th~ facility. After -shut-

down of ·the MTR on. July 14, 1957, and following water Jlushings and drainage. 

of the W APD- 29 facility, the radiation fields in the vicinity of the loop prevented 

.carrying_ out normal MTR shutdown operations. To remedy this situation, chemi­

cal deco·ntamination w~s carried out( 34) 0 

A feed-and-bleed. decontaminating procedure was employed in this 

opercttiono An. oxidizing:-complexing solution was used to remove uo2 and as­

sociated fission products? This was followed with a reducing-complexing solution 
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. to r~m6ve deposit~d .. corrosion products (solutions B a,nd C respectively). : . ' . . ~- . . . . : . . .. 

· ·Treatmept ~ith the oxldizi~g-coqiplexing ~olution .yield~<i an ~verage qecon-
. . . 

. .tanttnation factor (n the range of 10 to 15 .. The reduCing~_comple:x:ing t?Olutio~ . . •. . . . . 

·'treatment yielded ~n additional ita.ctor of about 3 to 4 · res~lting in ai.l over-aU 
. . . . . . '. . .. . .. . .. 

· decontamination factor of about 50~ · .· -. . . '. -· . . . .. . . .. 
~- . . . 

Following decontamil'1ation, sections of the loop (3Q4 and 347 SS) 

.· piping were. removed ·along with s~x representative W,elds anc:tsubj~cted to metal ... 
. . . . : ·. . : . 

· \!agraphic examlnatton. -Emphasis was placeci on ob~_erving any effect~ of pitting, 
•, '· .· . . . . . . ' ' . . . 

• • 0 

. . : .•' ·: . 
. :cr~~kin~~ or inter~ranu,lar corf<>.Slon in the weld are,·a~. · ~o d~let~ri_0\1~ effects 

' .. ' ~ . . . . . . . : . : . . . . . 

" . ' ·resulting from the: qec:Ontamincttion ope.ration were detect-ed. · · 
. . . . . ' . . '·: . . . . ·.· : . ·) 

: .· 
'' 

' 

·· !Loo.P ParaJD~te~s:; · 

. PliJnPS. .. :-: 'l'wd C.entrtf\lgal 30.;.A (One n.or~~~~ Qne stanpby) 
'· 

. . ' .. :'' .· 

: 10 ':Ol:il. ~ · .circula.tit~g-
.. ·.!$ Ga,J .. ~ ~utge tan~ . · 

1. . 

Loop Vqlun~e 

Ou~ of pile af,ea . 5~ n2 
':· 

•• • • _-r • _I 

. Lqop ·M~terial • · . 304 ss. -··. 
,.· :. ,· 

· · a ... Phase I - Deconta,min~tion With Oxidi·zing - Co~ple~ing· Soll,ltion. 

Solution: CB) .(Table XXXI) was utilized. fo-r this phase ·of the decontami­

, n~tion test .. The procedtir.e u~~t;i w~s of Jhe feed-and-bleed fypeand consisted· . . . . . . ' ' . ; . . 

.·. of a 4-~tep sequ~n:c~ a~ follows.: 
' . . ,'• . 

, Step ~: ·. A ?.:· 5 hour treatment with ~.o.lu,tlon (B) cqpta~.n:_tlw;. in aqdition 
·-... , , i , • I • ', • 

. . . . 

Step 2: A 2 hour tr~at~ent with the· solution .(B) c.ontaining in addition. 
. .: . .. '· 
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. ·step 3: A 5. 5·hour treab;nent With. solution; (B) .. 

··Step 4: · Circulation of 2· N HN03= i v/o H'2o2 thro\lghthErloop.for 

·, .. · · · · ·, · ·20 minutes (not including· time 'to: fill· arid drait1) :. 

Results· of this phase of the tes~ are .p.resented in refer~nc~· 34. 

For purposes of this survey it is sqfficient to ~tate that decontalllination factors· 

. varied. from 7'·to 25 .with one extremely high factor of 250. The .latter factor 

was realized ·in the general subpile room field which at the st~rt of the test ex­

hibited an eXtr.emely high radiation level (20 R). 

b. Ph~se II ..:. ·Decontamination· With Req4cing- Complexing ·Solutions 

The second phase of theW APD-29 decontamination was initiated ap­

proximately ten days after termination of Phase I. The solution employed in 

this treatment (soh.ition C) facilitated removal of deposited corrosion product 

activities along with those fission products sorbed.on the crud surface. 

The· loop was filled w:ith the decontamination solution and brought to 

a temperature of 240° F at 500 psi over a two hour period. The feed-and-bleed 

procedure was initiated. (bleed .rate 0. 1 gpm)? with the solution circulating 

· through the ~oop. at a rate of 7. 5 gpm. After 8 hours of this, the solution in 

the loop wa~ replaced w:ith water and flushing was carr~ed out for 7 hours. Re-· 

sults of Phase :IT decontamination test are presented in Table XXXIIT. 
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(A) 

• "t • -. r, . 

. . . . . . . . 

,., .. -.TABLE· XXXII DECONTAMINATION FACTORS REALIZED DURING ...... . 
DECONTAMINATION OF KAPL. - 120 LOOP -(35) 

Survey 
·Points 

First Decontamination 
. A. After drainage of 

decontamination 
solution 

. B. After one water· · 
flush 

· C. After five water 
flushes 

·Second Decontamination 
D. After decontamination 

Pump. #1 
Inlet Outlet 

1. 26 ·1.19 

1. 31 1. 34-- . 

1.46 1.88 

Pump #2 Pump #3 
Inlet Outlet Inlet . -Outlet Strainer 

1.62 1.25 2.22 1. 35 1. '35 

1. .. 66 1'.'.':61 2.·22 1.1H 1.61 

2.0: 2~0 . 2.95 2.11 1.-&0 

.and two wate~flushes 1.25 1.63 .1.47 .2.27 .· .1.42 1.80 1.66 

E. Overall-decontami­
nation 

,(combi!led effect) 2. 11 2. 9.0 3. 5·2 4. s4 . 4.·21 3.ao·· ·-2.5o 

: ~-· 

Isolation 
Valveto . 

Heat Ex- Purifica-
changer tion·Sys. 

-2.0 L37 

. 2.18 2.14 

·2.5 2.4 

1.15 .. 1. 28 

3.45' 3.33 

Average 

1.51 

1.76 

2.12 

. 1.55. 

. 3. 38 ' 



.. ·TABLE~ WJU>D-29 DECON'i'AMW.ATIQN ';J!$ST, 

. . . : PHASE Ii~ REMOVA~ OF DEPOSI'.l'ED .. 
.-_.. CORROSION PRODUCT. ACTIVITY ( 34) 

(mr/hr) ·--:-, 

· Loop Radiation Monitor Mea,surements 
Date 7-26 7-26 7-26 7-27 7..,27 : 7-27 . ; ·· De~ontamination 

.. '}'ime 1700 1900 2400 0.100 0200. 1000· ~ • • w": ,, Factor ·~· 

Loop. Cooler 2000· 700 350 350 200 10' 

.· Circulating,~ump . 1000 1000 600 700 700 350 3 
'l 

. Max .. :Pipe. Field 1500: 800 400 400 400 200. 7. 5 to 12.·5 
to 

2500 
·.Cubicle· Field 300 200 200 200 100 3 

Gen. Loop .Field 400 75 ... 100 4 

. Surge T~nk (bottom) 1500' 400 350 350 200 7.5 ). 
! 

Surge: Tank:( top) 400 200 180 200 70 5.7 
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VIII CONCLUSIONS ANP RECOMMENDA'l'~O:NS·. 

. I As. a result of th~ literature survey a,pd per~onaLtontacts~· :the 

·toil6wing conc1usions can be mide: · \ . 
. ' 

1.. Large amounts of radioactivity :nave: built up on primary 
: • • • 1, ••• : • 

. ! 
· .. 

• ,1, 

·;- . 

. ~ .. ; Ji'or·.sta.i~l~ss steel clad fuel elements.~ tJte· b4.Ud .. ~.P i~ ex-
;~ ;' . 

O:peded to be significantly greater than that found on. the S7 1-W.: · 
. ; . . . . . . ! . 

3. ; .· The activity buUci;..up appears to :re~\llt frqm i:l c;te.po$ition 
..... . . . . . . : . ·. . . . ' . . . . . ~ . . 

:-: 

,;and/ or :atom exdu~ng~ phenome:non. ·. 
'.· 

4; .. ; .· rhe experitpental d~ta' availabl~' from othet operatitlg. 
. .-; ·''' . ' ' . •' . . . ... '• . . .' . 

:Pressurized water:: reactors is inyonclusive. · 

.. ;· 
· . .-· 5. · . Since no oth~r ·ope~aUng tJre$~tiri~ed :iw~te:r ·r~actor. employs 

., :. •' 

. . . . . 

. . for the APPR. : .. 
·c : ; ·. 

6. Theoretic~~ calculations to enable pr~dictions for long-lived. 
' : .' . . . . . : . 

::nuclides of the total activity build-up have not correlated weil with experiinen.tal . . . . . ·. . . . . . . 

. values. 

7. Decontaminating chemical solutions ctnd the methods used 

for :applying these .solutions are complex. . :Decoritaminatjqn factqr.s thal have .· . . ' . :·. . . . . . . 

~been aqhieved with th~se solutions may p.ot pe satis.faqtory ~n ·sqll)e c~es. 

An ·experimentaJ program is necessary to det~J;m~ne ,the following: . 

1. How much activity will be pres~nt after. various· intervals 

,of operation? 
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2. What problems w.ill aris_e .in the repair or maintenance of 

. the reactor system as a result of this build-up? 

3. .What can be accomplished to redqce this build-up if .it 

should appear that .its magnitude is too great? 

4. • What basic phenomena. are occurring_ to cause.this bu~ld-up? 

5. At what ·intervals will .it be necessary to decontaminate the 

system.should this procedure be necessary? 

6. How does one accomplish thi~ ~econt~mination an4 at wh,at · 

cost? 

For the. APPR, the-experimental program should-involve thefollowjng:· 

L Analysis of APPR primary water anc~ crud .. 

2. Analysis of test coupons inserted in 'various. locations of the 

APPR. 

3. Measurements. of dose r<:l,tes of the primary l:!ystem· after 

shutdown. 

4. Measurements of dose rates of demineralizer during oper-

ation and after shutdown . 

. 5. Effect of such variables as flow rates? water conditions, 

power level? temperature, . materials· of construction, lo-

cation, etc. on activity build-up. 

6. · Development of suitable decontaminating agents
1
• 

7. . Development of methods for performing decontamination. 
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