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ABSTRACT

A survey was made of unclagsified literature dealing with the control of
activity buildup in pressurized water reactors by high pH coolants. The survey
concludes that a high pH coolant is desirable for control of induced radioactivity
buildup in pressurized water reactors containing significant, amounts of stain-
less steel, and no significant hazards are introduced by adoption of a high pH
coolant, Lithiom hydroxide was found the most acceptable means of conlant pH
control. Sirong base form mixed bed resin is effective in maintaining both
coolant pH and coolant purity.
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1.0 INTRODUCTION

The coolant in light water moderated nuclear power plants functions
both as a coolant and as a moderator. The coolant also is involved in several
secondary processes which affect reactor operation. Coolant chemistry is
designed to minimize the deleterious aspects of these side processes, which
are:

-

I. Corrosion of reactor mechanisms and structural elements exposed
to the coulant.

2. Transport and deposition ot corrosion products.

3. Nuclear reactions of coelant and impurities and transport of
activated materials.

4, - Radiation-induced chemical reactions, both dissociation and syn-
thesis, of coolant and impurities,

8. Transportation of fission products in the event of fuel element
failure.

It is axiomatic that design is limited by the state of the art in any area
of technology: Reactor coolant chemistry is a new field; its very newness
creates a need to re-evaluate the technology pericdically to take advantage of
improvements which may be developed. This literature survey was made to
provide a firm basis for consideration of high pH coolant recommendations
for Army reactors. Work was performed under Item 5.1 of Task 5, PWR
Support and Development Program,.

In Army reactors, control of the secondary processes is by hydrogen
addition and by purification of a ¢oolant side stream. Hydr{)ﬁen is added to
minim#jze corrosion by inhibiting the dissociation reaction. Bide stream
purification of coolant is used {0 control the impurities and to reduc(e activity
buiidup by removal of induced and possible fission product activity. 2)

Buildup of radicactivity on walls of primary systems has indicated that
newtral water conditions do not allow effective control over the slowly migrat-
ing masas of radioactive corrosion products in the primary piping. {3), (4) More
effective lp?n%r?l has been cbeaerved in systems operating at a high pH (of 9. §

. to 10, 5). 5L (3} The improvement noted has resulted in the adoption of high
PH coolant in 2 number of pressurized water systems including the large Ship-
vingport P. W. R. power plant. (8) Hydroxides of lithium, potassium, sodium
and ammonia have b!een used for the pH conirol.

T 1
Mc 04




The major factors upon which the selection of pH and pH control agents
should be based are listed below.

1. System reliability shall not be compromised. {The change in pH
shall not have any deleterious effects on cooling or moderating
features of the coolant. )

2. System habitability shall be improved. {A reduction in coolant and

deposit activity must result from changes induced in the secondary
processes by the change in pH. )
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2.0 SUMMARY OF THE LITERATURE

2.1 EFFECTS OF pH ON THE PRIMARY SYSTEM

The ¢corrosion rates of the major materials of reactor construction
{austenitic stainlese steels) exposed to primary coolant are quite low at neu-
tral pH (5 to 15 mg/dme/mo). Experimental evidence is accumulating that
corrosion of stainless steel sy(st)ems operating at high pH becomes negligible
after a relatively short time. (T) The statistical fluctuations in studies made
o determine the effects of pH mask' the reduction in corrosion and a specific
evaluation of the reduction has not been possible. Theoretical studies (8) on
metals which evolve hydrogen directly (such as stainless steel) show that there
is an upper limiting pH., Above this pH, corrosion is not pH sensitive; below
it, increasing corrosion may be expected as the pH is lowered.

Inhibition of both pitting in crevices and "deep' attack of auste&'ﬁti?
stainless- steel has been noted when the pH is increased to 10 or 11, %9/ 10
Qxygen must be kept lzznsr because of the increased attack on 55 with chromate
formation at high pH. {1) Oxygen is normally excluded from reactors operating
at neutral pH, so the problem is not of real significance.

The minor structural materizls used in the SM-1 primary system {i. e. ,
graphitar, type 410ss and K Monel) show either a decreased corrosion, or
are relatively unaffected as the coolant pH is increased to 10, (11) One excep-
tion to this statement is Stellite 3, which may have a slightly increased sus-
ceptability to corrosion. The increase is not significant, becanse the stellites
are used in moving parts and mechanisms and it has been found that high pH
.does not reduce operability of such mechanisms,

In high pH systems, the possibility of caustic stress corrosion may be a
problem if crfvices or other areas exist in which cencentration by boiling may
occur. Lithium hydroxide appears to be leas appressive than either potassium
or sodiutn in caustic embritt]e?)ent and cracking of austenitic stainless steel
under local bailing condifim}s. 12}, (13} his may be dite to the limited solubil-
ity of lithium hydroxide, (12

The effect of high pH on the effectiveness of decontaminating solutions is
not elearly defined. Some reduction in effectiveness of alkaline permangandte
citrate decontamination of systems operated at elevated pH has been noted at
KaPL, (13) This may be a result of the increased tenacity of the crud deposits.

In summary, corrosion does not affect system integrity at neutral or
high pH, and is probably reduced with high pH coolant., Operation of mechanisms
ig also not affected. Bettis studies on pressurizer heaters have indicated that
caustic stress corrosion is not a problem with lithiuvm hydroxide pH control.
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orrosion products {crud) form a more tenacious film in high pH cool-
ant. (& ?‘tudies with ammeoenia show 2 minimum pH of 10 is required for crud
control, (14) At the higher pH, the yvield of tran?fortahle crud is greatly re-
duced!) and Ehe deposition of crud is inhibited. 4} On the other hand, Vanide
Graff studles 15) have shown that under irradiation there is no significant de-
position difference between pH T and pH 10 on type 304 s58. Crud levels in the
coolant are reduced by a fagtor of abbut 100 at the higher pH(5) and the colloi-
dal crud is more filterable!l3

It may be concluded that transport of radicactive crud is reduced because
of the more tenacious crud films, With less transport and inhibited deposition,
buildup of radiocactivity on out-of-core surfaces will be reduced at high pH. The
efficiency of heat transfer in the core should not be affected by change in pH
since radiation does not significantly alter deposition on stainless steel.

2.2 SELECTION OF pH CONTROL AGENT

A pH of at least 10 is required for crud control. (14) The lowest pH com-
patible with erud control should be used in grder to keep the required amount
of pH control agent at a minimum, The bases which may be used for pH con-
trol are ammonia, lithium, potassium or sodium.

Ammonia does not give any induced radicactivity, but it does undergo
radiolytic dissociation. {12} To prevent dissociation, relatively large quantities
of nitrogen.and hydrogen must be dissolved in the coolant. The possibility of
pump cavitation resulting from the dissolved gasses makes ammonia an unag-
tractive pH control agent.

Sodium or potassium, if used for pH control, would create a radiation
problem. H'?h strength gamma radiation results from the induced nuclides of
NaZ% and K42, Although it appears this would not be a problem in the SM-1, a
hazard might develop when higher flux reactors, such as the SM~1A, are pui
into operation.

A possible havéard in the use of lithium arises from tritivm produced by an
(n,ex} reaction on Li® Calculations have shown that no tritium hazard will re-
sult from the use of natural lithium in the SM-1. (18) Should a2 hazard be indicat-
efl in higher power future reactors, the tritinm hazard may be ohviated by the
use of LiT. The technology developed with natural lithiumn would be applicable
with no i08s in value,

The use of lithium for pH control is commended by several other effects.
Lith'tu hydroxide does not increase the radiolytic decomposition of the cool-
ant. 12} 4 great deal of experience in the use of LiOH has been gained at vartous
pressurized water reacter installations, and no significant drawbacks were
noted. The use of LiOH has been shown to produce all the advantages to be
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expected at elevated pH. As noted earlier, lithium hydroxide is less aggres-
sive than other group I hydroxides in initiating caustic stress corrosion. Base
form resin can maintain more effective pH control with LiOH systems than with
potassium or ammonia systems. (3)

2.3 VUSE OF EXCHANGE RESINS TO MAINTAIN COCLANT PURITY AND
CONTROL pH IN HIGH pH SYSTEMS

Reference {3} contains an excellent discussion on behavior of base form
resin, substantiated by numerous tests, including in-pile loop and reactor
aperations. The main conclusions are summarized below.

The resiu is used as a mixed bed made up of two parts by volume of
Amberlite IRA-400 in the hydroxyl form and one part Amberlite IR-120 in the
cation form (equivalent resins may be substituted). The resin is able to main-
tain good control of pH if the ratio of primary surface to makeup is 5900 to
8800 ft2/gph. Initial addition of chemicals is required, as is make-up when the
system is partially drained.

The ability of the resin to control crud is unimportant because the high
pH itself provides the required contrel, but the resin musi control lonized-
and colloidal impurities {including radicactive ones)in the coolant.

With a strong base form cation resin the rate of elution of monovalent
cations is high and depends upon the equilibrium constants. There is a temp-
orary hold-up in the resin which allows decay of most ionized radidactive
products. The result is an effective decontamination in spite of the high leak-
age rate, 05137, a long-lived fission product, is a notable exception. The
resin does tend to maintain Cs137 constant and at a lower level {by the "ily-
wheel" effect) than does a system with no purification. Calculations{18) for
the SM-1 show Cs137 would be no problem at cladding escape rates compati-
ble with reactor operation even if no hold-up in the resin existed,

‘ Halogens, including radioisotopes, are removed effective]y, as are
divalent cations with half-lives of at least 50 days (Sr and Ba).

Colloidal isctopes are not effectively removed nor are colloidal
daughters retained in the resin bed. Such elements as 2r, Ni, ¥, Rn, Rh,
and rarg earths are classed as colloidal. This is not significant or disturbing,
however, since in basic reactor coolant, colloidal isotopes are absorbed on
the walls of the system and are not released to the purification system.

In summation, strong base form mixed-bed resin functions effectively
in the dual role of maintaining coolant purity and pH. One exception to this
rule occurs if air in-leakage produces significant ammonia ¢oncentrations in
the coolamt. The lithium in the resin is displaced by the aminonia, causing the
coclant pH to rise. This, again, is not a significant drawback because care is
normally taken to exclude air from systems operated at neutral pH.
9
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3. 0 CONCLUSIONS

High pH coolant is desirable for control of induced radioactivity
in preasurized water reactors with stalnless steel present in
gignificant amounts.

No significant hazards are introduced by the use of high pH coolant
either with respect to plant integrity or operability.

Lithiom hydroxide is the best choice for controlling the pH of the
coolant.

Strong Luse form mized-bed resin functions effectively in the dual
role of maintaining coolant purity and pH.
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