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An extensive progrem ‘¢ demconstrate *he feasilility of operation with
chemicel shim control has teen conduz®ed &t the Saxton reactor. Borie
acid remeined in the core continucuely from May 23, 1963, to January 20,
1964, After & brief period of non-borated opers‘ion, chemical shim operation
resumed on Mar:n 6 and continued nt il April when the reector was shutdown
temporerily for reple-cmert of expuerimental fuel rods. ‘el average core
burnup wes then 6330 MWD/MI, of whicn 4521 MWD/MIV vas incurred during
chemicel shim operetion. Peak borruy wes 15,600 MWD/MTU.

The experimental de%e ortaine! &u not indicete any significant doron
accumuletion on the core swface at pover or any decreese in core lifetime
under normal opereting conditfons., The de“e also indicete that alkeli
addition for pH control is sevisfettorv ir both pure water and the chemical
shim solution; moreover, the expecied Lot sharnel factors werw echieved.

The future program will test the tehavior of defected 2ircaloy rods,
provide a techaique for dete:ting heavy crad deposits if they are preseat,
ard evaluate the feasibility of chemica. shim operation wi*h bulk boiling

in some channe.s
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The Saxton Chenmical 8h riment

I, Iutroduction

The Sexton nutlear pover facility is & closed-cycle pressurized
vater resctor plent heving & nom.nel output of 20 megewettis (thermal).
Tue primcipsl charecteristics of the core are summarizad in Teble 1. The
primer; purposes of the piant are to prnduce engineering information from
plauncd experiments and to test nev methods of reector operation with
pitential spplicetions to power piants. The experimentel program is
being carried ‘ut jointly by the Westinghouse Atomic Power Division (WAMD)
sad the Saxton Wuclear Experimental Corporation (SNEC), e subsidiary of
Qeneral Public Mtilities Corporation.

The Tirst phase of the experimontel program et the Saxton reactor
ir being devoted Yo investigation of “"chemical shim control' using dorie
ecid, ¢ edjustment of moderator properties by addition of a scluble
neutron poison for control of resctivity with lifetime leeds to significant
eccnomic advantagas when np‘p;ied to cicsed cycle water reactors. Use of
“chemicel shim cortrol" not only reduces the number of control rode and
coutrol rod drives but ailows full advantage to be taken of the lower hot
r.Bne) factirs achieveble with non-uniform redisl fuel enrichment.* In
v::w of these adventages, the large Westinghouse reactor plants now being

designed will use chemical shim control. \

# P, Cohen snd H. Greves, Nucleonics 22, No. 5, 75 (May 1964)



Tevle 1

inci sterigtics
f the %
Core Elqiztion
Aversge core diameter (cold) 28.07 inches
Actuel core length (eold) 36.6 inches
Muber of fuel assemblies 21
U0z in the core 225 1ve (measured)
Uranium enrichment 5.69%
Puel Rods
Pelle* diameter (cold) +357 in
Puel tube O.D 391 in
Totel number of rods 1676
Control FRods
Nunber of movable rods 6
Control rod shape Offset cruciform

Thesmal erd Rydreulic Design Dete

Totel coolant fiow 2.8 x 10° 1bs/hr
Nominel operating pressure 2000 pai
Average coolent temperature 530°F






obteined in the resctor with boric acid, this would have been cbserved
as 8 reactivity loss; in particular ss an sbrupl change in pover
coefficient at the onget of pucleate boiling. Buch & reactivity loss
wvould have been reversed once the pover wue reduced belov the level

et vhich nucleate boiling occurred.

It hes been obeerved that erud levels in the weater of pressurized
water resctors are reduced vhen the main coolent is meinteined at an
alkaline pH., Since boric acid 1is essentia)ly un-ionized at operating
conditions, the benefits of high pH can be obtained by sddition of
very susll smounts of elkeli! to the borsted coolant. Under nucleste
bolling conditions, it 1s conceiveble that depcosition of alkall
borete selts could occur on the surface of the fuel rods. There 14
out«of-plle evidence that if this were to occur with e lithium
edditive, re-solution of the salt might not occur. The prodblem of

metaborate precipitetion wes one of those cerefully studied during

# the experiment.
v

A third mechanisw, one of simple "exchenge absorption" ef borete
by the corrosion product deposits on the surfaces of the fuel, is
elso known, The extent of boron accumuletiem on the core is dependent
on the coolant boric scid concentretion and the amount of crud on
the core. However, the small quantities of borete which can be

absorbed make the process insignificent from & reactivity standpoint.

o“o
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Bxperinente] Frogras
Turee mejor technigues heve been used Lo demonstrete the
abeence of boron acoumsletion, The firet of these has been the
careful comparison of the predizted core reactivity with that
observed. Any boron asccumuletion on core surfaces would have
been cbserved es & decreese in resctivity beyond that expected.
Particular sttention was pald Lo the trameition from nucleate

boiling to non-nucleate boiling comditions.

The second technique was concerned with the demonstration
that alkal! metaboreate precipitation did not occur. Careful
follov of the alkell to boron ratio wvas muintained for pe=‘_.s
during the ter* The absence of & change in this retio

demonstretes the absence of metaborate precipitation.

The third technique wused was that of hot cell examination
of & test subassenbly after apprec .able chemical shim operstion.
The surfeces of the fuel rods were screped and the deposite
removed, weighed, and mnalyzed The reactivity worth of this

deposit wes then estimated,

Prior to chemicel shim operation, an extensive series of
lov pover physice tests weas conducted. These were followed by
8 period of rodded operetion et power. The tests provided the
informetion required to conduct the reactivity follow during

chemical shim.

i e R e e e






g)

3)

k)

5)

There is no decresse in core lifetime becsuse of chemicel
ghim operstion. Examination of the centrel subassembly shoved
no significant accumulation of high cross section materials

on the fuel surfaces.

pH control of the coclant can be sccomplished successfully.
Chemistry studies indicated no problem with alkeli stability

in the coolant.

For the Sexton resctor, the expected hot channel factore

vere in reasonahle agreement with celc letions.

Chemical shim, under normal conditions, causes no hazardous

situetion to eriss to affect plant operation.




I11. xperimentel Progrem Description (T, L. Brion - J, Welsman)

A activity Follow Rules

The safeguards report for the chemical shim experiment
considered the possidbility that a boron-containing meterial
could be dislodged from the fuel surfaces and rapidly removed
from the reactor core. Since definitive operseting data showing
that this would not ocour were . ot thes aveilable, it wes
decided that reactor operation would be conducted in e manner
which would limit any possible release to & harmless value. It
wvas congervatively postulated that a release of material from the
core might take place over half the coolant transit time through
the core. Baped on this assumption, the magnitude of the reactivity
release which could be tolerated under various operation conditions
wee computed. A limitation was then impoesed that power operation
would continue only 80 long as the unexpected reactivity loss

which could be sepociated vith any polieon material on the core

|
’ ; surfaces allowing for experimental uncertainties weae below the
‘ appropriate limit.

|

|

In order to evaluate the extent of possible accumuletion of
| poison material on the core, the predicted core reactivity was
carefully compared with that cbeerved. To accomplish the
required reactivity accounting, initial conditions were established
and the control rod poeitions meessured. The initial point chosen
wag the hot, borated, zero power condition prior to operation
with boric acid et power. The reactivity changes caused by

8-




devertures from the imitiel conditione ere calouleted using
previously esteblished values of the coeflficients for power,
temperature, presesure, boron concentretion, control rods, pH,

and the time dependent reectivity worths of urenium, plutonium,
saparium, xenon, end other fission products. The predicted
resctivity changes are used to compute the predicted positions as

e function of time for the single controlling rod in the core.

As experimentel date were obteined, the observed control rod
positions were corrected to account for differences L~tveen the
base conditione of temperature, pover level, boron concentration,
pressure, and pH used in making predictions and the actual conditions
gt the time of the observations. The discrepancy between predicted
position of the control rod und observed position as corrected wves
taken by the operator as & measure of "unexplained" reactivity.
Aoy boron accumulation would appesr as an unexpleined reactivity

L0088,

In determining the alloweble unexplained reactivity loes,
an estimate ves mede of the uncertainty in the reactivity prediction,
ceused by uncerteinty in the reactivi*v parameters used, and the
uncertainty associated vwith the actusl measurement. The statisticelly
combined uncertainties were then subtracted from the reactivity
release value vhich the transient studies had previously shown to
be safe. ™™e difference remsining which was ebout 1/2 the computed
allowvance, vas taken as the maximum alloweble unexplained loss., Thie
quantity varied between 0.3 and C.4$ A k/k during the test.

-9-



8.

Upon completion of & given portion of the experiment, &
core reactivity predition was made based on the actusl powver
conditions during snd prior to the run, The experimentally
observed rod position, boron concentretions, coclart temperatures,
and pover were then used to compute the obeerved reactivity.
The difference between the obser 2d and calculated reactivity
is that which ie reported in subsequent sections of this report
as the finsl velue of the unexplained reactivity et the given
time in life. These numbers differ slightly from those used
by the operator in that they take into account @) the resctivity
varietion of xenon and other isotopes induced by the power
oscilletion about the nominal power level, b) the variation
in effective flux seen by the various nuclides with changes in
rod position and burnup, and c¢) the small difference between
unexpleined resctivity expressed in terms of predicted and
observed reactivity changes and that in ‘erms of predicted and

observed rod positions.

Test Progrep
1. FPre-Chemicel Shiw Operetion

Ia order to provide u firm basis for subsequent
chemicul shim reactivity follow, & careful program of tests
wvaes carried out prior to chemical shim operation. The
firet phase »f the program consisted of low power paysics
neasurements. These included measwrements of control

rod worth, boron, and flow worth at ambient and operating

«10-
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stainless steel cled behavior in & chemical shim eanvironment,

ané to test the performance of elasticelly . lapsed cledding.

A second subassemdbly conteining five thin-.walled stain.eee-
steel rods and four 2ircaloy elements wae inserted in & periphernl
position. This subassembly was identical to the first subessembly
except that the stainless steel rods were enriched to & slightly
greater extent. It wss planned to move this sssembly subsequently
to the central position., At tbet time, the "spiked" rode would

produce Ll KW/ft.

A third subassembly contuiniug & 1/2 in. I. D. thimble
ves inserted in another peripheral test position. This thimble
wvas used for e small oscillating ebsorber. It was expected Lhat
comparison of the ebsorber position oscillations with the flux
cecillations so produced could be ured for the determination of
reactivity trensfer coefficients. Unfortunately, tae absorber
jammed ghortly after the reactor went to power a=d the desired

information was not obtained.

Step-Wise Approach to FPower with Chemical ghim
With the reector at 520°F, 2100 pei, &end zero-power, the

coolant was boreted to & level of epproximstely 1200 ppm B.
The boron level wae such that, vhen the critical control rod
positivo was est.blished, all rods except one were withdrawn

from tie core. The critical :od position wae cerefully meagared.

«l2e



operstion at 20 MWt, the plant wes brought to 22 MWt., After re-
meining &t this power level for a dey, during which time core
flux maps vere teken to demonstrete that predicted hot channel
factors vere not exceeded, the plant was taken to 23.5 MW% on

June 2¢.

Operetion &t the elevated power level of 23.5 MWt was
especially sigrificant. Under these conditionms, calculations
predicted thet e substantisl frection, approximetely 16% of
the core surfece aree,was in the nucleete boiling region. This
was verified by the results of core noise anslysis.® It will
be recelled that it hed been thought that significant reverliblc
boron eccusmulation might be possible under such nucleate boiling
conditions. The reactivity follow observation showed no signi-
ficant cheuge in unexplained reactivity during the continued

operation at 23.5 MWt.

Examination éf pH Effects

It has been observed in other closed-cycle water reactors,
Yenkee and BR-3, thet changes in the main coolent pH ceused
observeble changes in cure reactivity. Although this phenomenon
is not well understood, theories have been asdvanced thet the
reectivity changes mey be related to possible pH induced changes

in the quantity, nature, thermal conductivity properties and /or

# Tis work was pertislly supported under AEC Contrect AT(30-1)-3eu9
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distrivution of the crud on the fuel surfacee. In order to
investigate this e’fect under chemical shim conditions, several
experiments were conducted where the aslkali in the coolant wes

removed by demineralization and subsequently replaced.

The first of these t?sto was conducted under chemical shim
conditions &t & power len{el of 23.5 W. In later parts of the
progran,tests were conducted under non-mucleate boiling conditions
and, during e later phase of the program, under unboreted condi-

tione. The conditions under which teets wvere conducted were:

1) chemicel shim ~ 23.5 MWt-530°F, 2000 pei -
substantial
nucleate boiling

2) chemical shim - 15 MWt, 520°F, 2100 pei -
no pucleate
boiling

3) chemical shim - O MWt, 520°F, 2000 pei -
no power
generation
4) unborated coolant - 20 MWt, 520°F, 2000 psi -

some nucleate
boiling

Extended Operstion Under Chemical Shim

Upon completion of the pH test at 23.5 MWt, operetion
continued at this power level until July 10, when it was
reduced to 20 MWt. The reector was then shut down on July 15
for scheduled maintenance. After completion of the maintenance,
the reactor wae operated at 20 and 15 MWt through August and
early September. During the 15 MWt operetion, the previously

mentioned pE teet under non-nucleate boiling cooditions was

-15-



performed. Operetion et 2% € MWt recured feptember 12. With the
exseptior of a brief sbutdowr fror Ser*ember 30 to Oztober 3, the

reastor remeined at thet level urtil November 19,

During tre extended operation under nudleate boiling con-
ditions .at 23.5 MWt) careful attertior was paid to the change in

reactivity vitk lifetime,

No significent change i ‘he urexpleired reactivity was
observed under trese conditiors of beiiing., This is coneidered
gtrong evidence that buildip of poison on the core surface did

not occur as @& result of dbolling.

!!at Assexbly Insertior erd low Fower Fhveizs M ements

ir tre shutdowr fol.owirg *re extended operation, the test
subassemb.iee irserted prior tc chemizal srim vere removed. The
rod oscilletor assembiy sorteiring the jammed ™=, 1I8%CY wae
replaced by & unit zonte’ring & redesigned oscillator. The new
subasremhly &.s0 donteinea 8 Follow tudes irto whish direct readirg

ruclesr detectors 20uld be ircerted

The subassembly in the core periphery which coatained
Zircaloy and thirn o'ad ctsiziess fuel rod: wer removed from the
core, exarined with tte peric.ope, and pliaced in the fuel sturage
rack., The periszopic examinetior of thir assembly ‘adicated it to

be eesentislly free of crud deposits. This unit vae replaced by one

of tre rormal subasgemblie: whizh bad been ir the core at the startup.

The central subassembly. conteining Zir:aloy and thin clad
stainless rode, was aleo exemined periscop’cally. These fuel rods
‘L6~
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Results of the Reactivity Folilcw Program
Ao J. Impink, R. W. Colombo, F. J. Frank

A.

Calculation Procedures

p

Reactivity Parameters

Throughout the chemical shim progras st Saxton, an
attempt has been made to predict and to follow reactivity
changes in the reactor as closely ae possidle., To this
end ¢ rather comprehensive set of reactey physics measure-
ments was carried out, both at zero pover and st full design
power, before operations at power with boron in the main
coolant were undertaken. Analysis of date obtained during
the preliminary experimental program yielded values of the
reactivity kenetics coefficients of temperature, pressure,
and power. The reactivity worths of xenon and of control
rods and boron in solution aiso were obtained. A later
series of measurements, carried out during chemical shim
operation and subsequently verified during rod-controlled,
zero-boron operation, established the value of the reactivity

coefficient of moderator alkalinity level.

In constructing the reactivity balance during chemical
shim operation, primary emphasis was placed on these experimen-
tally determined reactivity coefficient values, as cpposed to
values obtained by analytical predictions, for several reasons.
The general premise was established that measured values more

faithfully represent the net result, in terms of reactivity,

-21-



evaluations




2.

rete measuremente were made pericdically both prior to and
during ~hemical shim operaticms. Comparison of the theoretical
predictions with the results of these measurements under speci-

fied conditions permitted verification ¢f the model.

Computetional Technigues

The Saxtor reactivity balunce was based on the so-called
"differential” mode.. Ths method aliows datection of anomolous
reactivity behavior by comparing measured and predicted reac-
tivity changes over & series of successive short time intervals.
By vay of contrast, the alternate "integral" model relates all
reactivity changes directiy to a base point which may be rather
remote in time. Although the two methods may aeem to differ
significantly, the oniy fundamental difference is in the method
of establishing the reactivity equivalent of control rod motion

at various power leve.s.

& pred1c£ed crange it ceactivity embodying the sum of the
reactivity eguivaients of all changes in :cre conditions (tem-
perature, pressure, power level, boron and xenon concentrations,
pH level, and burnup, is compared with the reactivity equivalent
of the observed comtrol rod motion required t. compensaie for
the change. The difference between the predicted change in reac-
tivity and the measured change is then, by definiticn, an incre-
mental change in unexplained reactivity. The totel unexplained

reactivity at any time is the aggregate of all incremental changes



in unexplained reactivity vhich have occurred in succeseive

time intervals since the reference starting point. In parti=
cular, boron depoeit on core surfeces, which is not accounted
for in the reactivity balance, vcld be indi~sted by an unex-
plained reactivity loes. Eince unexplained reactivity is ex-
pressed in terms of a readily observed phyeical parameter,

e.g. control rod position, it is possidle for reactor operations
personnel to be aware at all times of the status of the reactor

vith respect to shutdown restrictions.

A gredual increase in the degree of sophistica.. ' of the
reacrtivity balance culculations took place during the initial
phase of chemical shim operation. During the initial power
operations the balance calculations were carried out entirely
by hand at the site, both by WAPD reactor physics personnel
and by SNEC operaticae personnel. During this period a rather
simple version of the burnup caleulstion, based lergely on
earlier experimental results, was in use. As operations pro=-
gressed and dburnup became more significant a more detailed

theoretical method was adopted for burnup reactivity evaluation.

Finally, vhen the basic mcdels had been shown to be adeguate
for meintaining & close reactivity balance, an IBM TOSL computer
code (SCOUP) was prepared to expedite carrying out the prediction
end follow calculations. Incorporated in the code was & refine~

ment of the burnup calculation technique which gave a better

-2lw




representation of spatial effects., Otherwise the code repro-
due'd the computations which earlier had been carried out by
band, Provision was made for direct communication between
the Saxton eite and the Bast Pittsburgh computer Iinstallatione
g0 that WAPD personnel at the site could obtain prediction

and follov information directly and speedily.

The repesated ansalyeis .f earlier data incorporating
improved computstion procedures wnd particularly the refine-
ment ¢f the burr z celculation has resulted in s series of
progressively more detailed eveluations of the behavior of
unexplained reactivity during the firet phase of chemical
shim operation at Saxton. Minor improvement of methods and

eliminaticn of known deficiencies still continue,

The results of the reactivity follow presented below are
those obtained from the most recent analysis of the experi-
mental data. At the time that these calculations were made,
several deficiencies in the SCOOP code and its library had
been identified but had not yet been eliminated. The actual
data plotted represent computer output corrected by hand cal-
culations to compensate for systematic errors introduced ny

the then current version of the code.

B. Follow Results
o Observed Reactivity Behavior

The reactivity behavior during chemical shim operations

~25+



et Saxton may be analyzed both macroscopically and micro=
scopically. Macroscopically, one may consider the long

tere variation of core reactivity as & function of burnup
under othervise constant conditions., Figure 1 shows the
excess resctivity aveilable in the core at various stages

of burnup over & period extending frod begimning of life

to well after the first phase of chemical shim operation,

In thie cage the remaining excess resctivity was calculated
from the resulte of a series of periodic boron concentration
measurements made at succegeive stages of burnup when a pre-
scribed set of phyeicel conditions had been established in
the core. For compariesn the equivalent of the maximum
@ilovable unexplained loes in reactivity is also shown.

It is apparent that no significant change in core reactivity
vas observed either at the start or et the termination of

the first phase of chemical shim operation,

The microscopic behavior of the unexplained reactivity is
shown in Figure 2. In this figure core conditions (boren
concentration, pH level, pover level, and control rod position)
are plctted ae functions of calendar time. The interval
begins with the start of power operations with boron in the
main coclant in May 1963 and continues to the shutdown and
termination of the first part of the chemical shim test in

November 1963. BSuperimpesed on the history of changes in core
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conditions is the corresponding history of the variations

in unexplained reactivity, again defined eas the accumulated
difference between predicied and measured reactivity changes.
Included also are the maximun allowable and shutdown limits
imposed on unexplained reactivity loss. The shutdown limit,
which is the controlling factor during power operatione, is
defined a# the maximum allowable unexplained loss in reactivity
reduced by the estimated maximum combined uncertainties in

the reactivity equivalents of the core parameters and represents

*he maximum reactivity loss permitted during operation.

Examination of the detailed behavior of unexplained reac-
tivity as plotted in Figure 2 shows tha the unexplained reac-
tivity tends to fluctuate within & band width cf about 0.2%
and thst superimposed on the fluctuations are two periods of
relavively rapid loss of about 0.1% in reactivity in late June
and early Ocpober. respectively. Although it has not been
positively demonstrated, it is strongly suspected that the small
fluctuations are, in general, systematic in nature and arise
as & consequence of the method used to synthesize spatial ef-
fecte in calculating burnup. It has been noted that there is
a strong correlation between the fluctuations and the corres-
ponding central rod position with respect to a series cf pre-

scribed reference positious.

The two relatively rarid losses of reactivity occurred
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in their internal phytic-chemical mechanism and in the ex-
terpal physicel conditioms under waich deposition could be
expected to occur The respective models predict that if there
ies an unexplained chun@e in reactivity caused by boron accumue-
lation, it should de e§;dent during:
a. the initial rise to power at the inception of chemical

shim pover operation. y
b. long term steady stale operaticn at powver,

€. the transition from nucleste t_ !%ing conditions in

the core t: fully subcooled conditions.

Commente and obs~s v ons on operations under each of these

three conditions fcllow.

The Initial Power Kise

Initial cperation of power with & significant quantity of
boron in the main coolant began on May 27, 993, Expected
reactivity chungea during the rise tc power ard the &iou..Q
transient period were those caused by the power defect and by
changes in number densities of fission preduct nuclides, parti-
cularly xenon-135, in the core. During this initial period
externrlly controlled core conditions (pressure, temperature,
boron concentration, pH level, and, after the power rise, power
level) were held constant. Reactivity changes were compensated

for by control rod motion.

«3le



The relevant model for boron deposition indicated

that boron could be expected to depoeit either concurrently
vith, or soon after, the initial rise to power. Indication
that deposition had taken place would be en unexpleined loss
of reactivity. Examination of the resuits obtained from the
reactivity follow reveals that & slight gain in reactivity
occurred. More detailed calculations than those carried out
by the SCOOP code indicates that thie gain is associated with
spatial redistributions of fission products and of plutonium

nuclide corncentrations.

ended Operation
A second hypothesized boron depceition mechanism postulates

that depositicn might take place over extended periods of opetre-
tion at rates dependent both on the main coolant boron concen-
tration and on the extent ¢f nucleate boiling in the core, In
the absence of superimposed experimental perturbations, reac-
tivity prediction calculations need take into account only burnup
effects (including temporel transients) and the compensating con-
trol rod motion. Boron accumulation, were it occurring as hy-
pothesized, would appear as & gradual unexplained loss of reac-
tivity in the reactivity follow calculations. In principle, &
change in reactivity induced by boron eccumulation would be
indistinguishable from an apparent change in reactivity arising

from an error in the burnup calculations and, indeed, could

»38-
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Pover Reversible Boron Deposition
It has been obeerved in out of pile tests that nucleate

boiling on & heat transfer surface tends to increase de-
position on the surface of some materials from concentrated
solutions in the coclant. The postulated mechanism for

this effect predicts that vhen a core in which a significant
amount of boron deposition has occurred is taken from the
nucleate boiling regime of operation te the fully subcooled
regime, in vhich all boiling is suppressed, an observable
gain in reactivity should take place. This gain should

occur au the boron initially concentrated on the core sw nces
is released and swept out of the core., The reactivity gain
would eppear as & chenge in unexplained reactivity either si-

multaneous with or shortly following the power reversal.

An experiment to test thie hypothesis vas conducted prior
to .ae late November shutdown in an attempt to observe the
postulated reactivity gain. Detailed follow results indicate
that there was no detectable change in unexplained reactivity
that could be associated with the pover reversal itself, nor
vas there any delayed chenge in unexplained reactivity during
the subsequent xenon transient. There is some uncertainty in

the latter cbservation because of & fluctuation in unexplained

reactivity which began sbout = day before the power reversal

&8 & result of a change in central rod position with respect




cl

to the reference position and persisted through the remainder

of the test pericd.

Conclusions

Experience extending over approximetely six months of operation

at pover with up to 1200 ppm borom in the main coolant at Saxton

indicates that:

1,

At no point in the Saxton operation did the amount of unex-
plained reactivity possibly attributable to boron deporition
exceed the operetional shutdown limit. Furthermore, in a
variety of tests no evidence was found of boron accumulatirn
exceedin: in reactivity equivilent the minimum amount detec-

table with the methode currently in use.

Tbe reactivity follow procedures currently available and in
use at Saxton are capable of detecting unexplained changes
in reactivity of the order of 0.1% in reactivity or less

where these occur over short or intermediaie periods of time,

Over long periods of time, during which complex burnup effects
may become significant, long term unexplained changes in reac-
tivity may be less readily detected. In this case the decreased
degree of confidence in the validity of the reactivity follow
results is reflected in an increased allowance for uncertainties.
These uncertainties are applied to the maximum allowable unex=-

plained loss in reactivity in determining the operational shut-



down limit for unexplained reactivity loss,

It is feasible at Saxton to maintein a detailed reactivity
follovw over extended periods of time encompassing many, if
not all, of the operaticonal maneuvers likely to be experienced

in & conventional pressurized watur power reactor.



v.

The surveillance program at Saxton has two principal objectives,
These are: 1.) to improve the state of knovledge regarding the effecte
of chemical shim on pressurized water reactor integrity and general
operation, and 2.) to demonstrate by chemical means that use of chemical
shim causes no hazardous situation tc arise which could affect comtinuous
plant operation. To fulfill thece two objectives, an intensive chemistry
program wvas conducted. The most significint contributions made from this
to the overall Saxton program were found to be from the following areas
of study:

) I Chemical shinm solution stability at reactor operating conditions.

2. The pH effect on core reactivity.

3 The tecsts for possible hideout of peison in the reac or core,

- Exam’ nution of c¢rud deposits (loosely adheremt corrosion products)

from the core
5. The assessuemt of the effects of the chemical shim solution

on plant materials of cometruction

A sumary of the results of the chemicel surveillance program is

given below.
A. Coolant Technology
Numercus prior studies at WAPD and other installations formed
the basis for choosing the water chemistry for the Saxton primary

coolant, for both before and during chemical shim operation. The

¥ This work was partially supported under AEC contract AT(30-1)=326G.
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gelectiorn of this chemistry wae deemed the most satisfactory

for

long term plant operation, and one that wes believel to

be completely stable &t reactur operating conditions.

1.

"~

Coptrol Chemistry
Prior ‘o chemizal shim, the Saxton primary coolant

contained additives of potassium hydroxide st & nominal

v molal (up to 3.0 ppm potassium)

concentration of ~ 10°
and dissclved hydrogen st 25-35 cc (FTP)/kg coolant. These,
respectively, vere maintained in the coclant to reduce the
transport of redioactive corrosion products throughout the
system, aad to prevent nct radiclytic decomposition of the

Veter. With chemical shim operstion, boric acid vas added

to the cenlant to the extent of 1200 ypm %“oron, vhile potas-

gium hydroxide and hydrogen concentrations vere maintained

the same., With contiuued operation, boric acid vas progressively

removed from the coolant, a8 required to compensate for core de-

pletion.

Chemice) Properties

Work at WAPD prior to chemical shim operation st Saxton
showed that properties of the boric acid solution at normal
temperature (70°F) arc somevhat different from those of con-
ventional reactor coolante. Mostly, the solution pH and con-
ductivity of the chemical 3iim soluticn, as measured at room
temperature. are significantly different from that of pure
vater containing alkali. This i: illustrated in Figure 3,
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vhich shows the varietion of solution pH &t room temperature
vith boric acid and potessium hydroxide concentrations. In
sontrast to the solution properties at room temperature, and
probably more important, are the sclution properties at reactor
¢o. i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>