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SUMMARY —
Waste disposal criteria were established on the basis that the occurrence} *&‘

of river flow rates vwhich were 72¢ of normal would not cause the effects of

waste disposal to exceed limits. Since even the base case exceeds the criterion

for the average body burden of phosphorus-32, provision to reduce the output of

this radioisotope must be included in any expansion program., Provision to reduce

the cutput of other radioisctopes will be required for most cases vhere the bulk

outlet temperature limit 1s 105° or higher. For reactor flow rates exceeding

100,000 gpm it may be necessary to reduce sodium dichromate concentrations as

low as 1,5 ppu during periods of low river flow, Heat cutput was discussed but
no limit was set,

I. CRITERTA

A, Modifications shall be so designed that radiocisotopes which are
discharged to the river or vhich reach the river after diascharge of
vastes to the soil can be controlled during a year vhen ths river flow
rate is normal such that:

1, The combined effects of the radionuclides introduced from all
reactors would result in an annual average concentration of
radionuclides in the river at Pasco of no more than 3,64 Mpc*,

2, The combined effacts of the radionuclides introduced from all
reactors would result in an annual average concentration of

radionuclides in the drinking water at any reactor area of no

more than 7.2% MEC . RA TER
k‘i n\’

*MPC-Macdmum Permissible Concentration of radioisotopes in drinking water,
The valuess referred to are those for continuocus occupational exposure as

stated in Appendix A of the Radlation Protection Standards (HN-2§1&57 Rev, 1).

SISTRIBUTION RESTRICTED 7O .S Ll
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3. It would be f{mprobable that the annual average body burden of
phosphorus-32 for any individual would exceed 0,36 microcm-ig's:. TR
B. The release of hexavalent chromium fon to the river shall be
80 controlled that the concentration in drinking water will not
exceed 0.05 ppm and the monthly average concentration in river water
will not exceed 0,02 ppm‘.
C. Reasonable effort to limit the increase of river temperature
due to the operation of the reactors during Auguet and September is
recomended, However, the present technical basis will not support
the eatablishment of a limit on the amount of heat that may be added,
IT. BASES

The criterion for the release of radiocisotopes to the river was based
on Radiation Protection Standsrds 3,1 and 7.2, on the assumption that river
flow rates 72% of normal could be expected with reasonable frequency and
on the premise that limits should not be exceeded when this low flow rate
exists,

The criterion for the release of hexavalent chromium was based on a
mbl|1c Health Service Water Standaxd and on recommendations of the Aquatic
Blology Operatior, The Public Health Service Water Standard, which 1s
followed at HAPO, states "hexavalent chromium in excess of 0,05 ppm shall
constitute grounds for rejection of the supply." This is interpreted by
Industrial Hygiene:to mean that 0.05 ppm hexavalent chromium shall be the
peximm accpetebls for drinking vater at eny time.(l) R, F. Foster estab-
lished a limit of 0..02 prm hexavalent chromium in river water due to its

'(2)5; .onetarr alus o about 00,000
deleteriocus effect omn juvenile fish, m:w:@mqm:mCm
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the reactors and the confluence of the Columbis with the Yakima and Snake
Rivers were dastroyed, the commercial fishing industry might suffer an
ammual loss of about $60,000, This value cammot be considered firm, but is
quoted in order to give a besis for judgement.

The criterion for the release of heat i3 based on the opinion of the

Blology Operation that temperatures over 20°C at Bonneville Dam could
result in epidemic disease among sa.lmn.(3) The usual high temperature
period occurs in late August and early September which coincides with the
time that a large run of Chinook Salmca are in the river, The value of
this particular salmon run has been estimated to be $5,000,000 annually,
Again the accuracy of this mumber i3 not guaranteed, dbut it is included
to permit Judgement of the problem,
IIX. EFFECTS OF HEACTOR EXPANSION
A, (General
The criterion for phosphorus-32 is being exceeded at this time
and 1t is expected that the operation of Priest Rapids Dam may cause
the criterion for hexavalent chromium in drinking water to be exceeded
during a vinter when nighttime flow rates are reduced to 36,000 cfs,
Releass of effluant water at or near ths shoreline except at high
river flow rates could cause 100 Area drinking water to exceed thesz
ceriteria and diologlecal concentration of radioisctopes that could
cause islands of foam and algae around Richland boat docks to be a
radiation exposure problenm,

(37 R. F. Foster, "The Effect on Fish of Increasing the Temperature of the
Columbia River", March 1, 1958, fW-5u858 (Secret).
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" Por the purposes of forecasting the effects of proposed changes

the following assumptions were made: B

1. Both 105-KE and 105-KW operating with flow rates of 188,000 gpm,
vith a 93° bulk outlet tempersture limit and at 80% time operated
efficliency.

2. Normal river flow rates of 105,000 c¢fm annual average, 100,000 cfs
average during August and September, 60,000 cfs average during
minimm flov periods, and 36,000 cfs daily minimum flow during
minimum flow periods .‘

o e . -

3. Unifom distridution of effluent water in the river except for
considerations of 100 Area drinking water.

4, Consumption of vhitefish flesh at a uniform rate of 0.5 1b/week
by a successful fisherman between October 1 and the spring
freshet., Fish caught in the vicinity of Ringold,

5'. Hexavalent chromium is neither lost nor reduced to the less
toxic trivalent chromium between the point of injection and
the point of use,

C. Phosphorus-

Figure 1 illustrates the potential body burden of phoaﬁhom-32
under various operating conditions. The validity of the extrapolation
may be questionable, but it is felt that these values would not be
high by more than 25%. It can be seen that even the base case exceeds
the criteria., Phosphorus-32 may be obtained fram either fish or water-

fowl, but because of the large number of migrant waterfowl only the
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uptake from fish was considered. Perhaps 100 veople are significantly
affected.

There are two possible remedies for this situation, neither of
which have been proven, Treatment of the efflient water by passing
it over a bed of aluminum might reduce the output of phosphorus-32
by a factor of 2, Even less i3 known about the other possibility
which would be to substitute COp for sulfuric acid for pH control,
Scme of the phosphorus-32 comes from the §52(n,p) P32 reaction, but
the fraction that is derived from this reaction as opposed to the
p3(n,’) P32 raaction has been the subject of technical argument
for several years..

Plant Drinking Water

Hexavalent chromium in plant drinking water may exceed the
criterion for d.rinkins wvater under present operating condit:lons‘.
This forecast is based on the assumption that none of the hexavalent
chromium is lost or reduced and on an estimate of the fraction of
B, C, KW, and KE effluents that would be taken into 100-D at low
river flov mtes%") Efficient cperation of Priest Rapids Dam will
probably drop the flow rate to 36,000 cfs during the night while
releasing a daily average of 60,000 ¢fs. The reduction of hexavalent
to trivalent chromium and loss of chromium in filtexr plants has not
been studied., Routine analyses of 100-D and 100-F drinking water
have shown hexavalent chromium in concentraticns slightly above the
detection limit of 0.005 ppm on a few measurements when the river
flow rate was low,,
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Radiological limits should not be exceeded in plant drinking
vater before the limits for river water at Pasco are exceeded, Decon-
tamination by the water treatment process by a factor of 2 or 3 and
a higher limit operates in support of this opinion, Even though
channeling of effluent water fram upstream reactors into a downstream
reactor intake could quickly use up this margin of safety, the fact
that radiological effects may be averaged would insure that the
hexavalent chromium limit would be exceeded first,

E, BRadiocactivity in River Water »

Flgure 2 illustrates the effects of various conditions relative
to the radiological criterion for river contamination, The choice of
Pasco as the point of interest does not ignore the possibility of
navigation in the river past the reactors, but does assume that
recommended radiclogical controls would be enforced.70) me method of
extrapolation used has been successfully used in the past and 1is,
therefore, expected to be reasomably accurste.

F, Hexavalent Chromium in River Water

Figure 3 illustrates the concentration of hexavalent chromium
1n the river under various operating conditions assuming no loss
and no reduction to trivalent chromium which is less toxic., An
average river flow rate of 60,000 cfs was assumed, Since the

deleterious effect on the fish is dependent upon persiat&ince of these

(57T R. T. Jaske, al, "BEffects on Hanford Works of a Na tion Chamnel in
the Columbia River", dated Jume 5, 1958, HW=55050. (C%EEEEI’&'IS

(6) R. T, Jaske, et al, same title, dated June 30, 1959, HW-55950 Sup.
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concentrations for a month or so, and since an average flow rate of
about 60,000 efs is required for the hydroelectric facilities to
meet their commltments, these curves represent the most probable
condition, 1If it is desirable to conaider the effects of lover flow
rates, it can be done on this graph by lowering the line representing
the criterion by the fraction of 60,000 cfs that is being considered.
River Temperature

Figure 4 1llustrates the theoretical temperature increase
immediately downstream from the ree.ctor wvhich would result under
varimis operating conditions, Since the actual temperature of the
river represents a balance between the forces vhich tend to increase
the temperature such as heat absorbed directly fromthe sun, returm
flow ofirrigation water, and the operation of industrial facilities
including reactors, and those forces which tend to remove heat from
the water such as evaporation and heat transfer to the soil, the effect
of the additional heat added will influence the balance but will not
be felt as a simple addition to t he temperature some distance downstream,

The deleterious effect on the salmon run is caugsed by a virulert
strain of bacteria. The probability of an epidemic of disease among
the salmon increases vith temperature over 20°C and with the length
of time that such temperatures are maintained, The river temperature
at the reactors normally exceeds 20°C for a few days every year, and
in 1958 epidemic disease was reported when temperatures between 19°
and 21,5°C persisted for nearly ten weeks,

The complexity of the problem which is further aggrevated by
political forces makes it impossible to state a limit on the amount

]
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of heat which reactors may add to the river without establishing
simtler limits on other contributors over which we have no control.
Rupture Products

Cantrol of the releass of fission products due to fuel element
ruptures would not be required in the usual case.(y) However, pro-
tection against the unusual case i3 indicated. Andersen, et al, in
rererence(g) discuss the consequences of fallure of several elements
in the same channel in some detall, The effects of increasing proe-
duction lavels on the probabllity of such an occurrence have not been
evalua.ted‘. It seems unlikely that HAPO would wish to incur the cost
of decontamination and unfavorable public opinion which would result
even though the consequences are described as being troublesome and
not (technically) a major hazard to individuals in the environs,.

(7) J. D. McCormeck, L. C. Schvend:lman "Significance of Rupture Debris in the

ia R!.ver", August 17, 1959, EW {dential],

() B. V. Andersen, et al, "mvironmenta.l Cons g%wencea of Proposed Changes in

Reactor Operations", February 11, 19

953 (Secret).
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