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RL«NRD-827
February 28, 1966

REVIEW OF EFFLUENT DISPOSAL PRACTICES
IN ¥ REACTOR DEPARTHMENT

INTRODUCT ION

A survey has been conducted of current methods of disposal of radiocactive,
chemical, and sanitary wastes used both at the 100 Area and 300 Area sites
of N Reactor Department Operatiors, In addition, liquid storage faciliz:i
have been surveyed for situations which might result in river water pollut
The survey and this repcrt have been prepared in response to the reques
the Manager, Richland Operations J0ffice of the Atomic Energy Commission
in accordance with Executive Order 11253,
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An audit of N Reactor Department waste disposal procedures and practices was
recently made by the RLOO, (2} The audit report grovides detailed data on
effluent streams, methods,; and sampling points, herefore, this report
not include that information and instead provides a summary of experinmental
and analyrical data which have become availzble since the audiz, It also
includes information developed in response to specific provisions set Zorth
in the Executive Order.

CONCLUSIONS

The following conclusions were reached regarding waste dispocsal as practiced
at the 100 and 300 Area Operations of the N Reactor Department,

Radicactive Waste Disposal = L0G=N Area

At the point of entry to the Columbia River, no effluent streams contain
concentrations of single radionuclides in excess of AECY 0524 limits for
release to uncontrolled areas, with one exception, Ground water from the
1301-N waste disposal crib sampled at the river bank contains I-131 in excess
of the foregoing limit., However, by the time river water reaches D Reactor
Area some two and one~half miles downstream, the I-131 concentration is about
one one~-hundredth of the limiting concentration,

Chemical Waste Disposal ~ 10G-H Area

The main potential source of stream pollution by chemical discharge from the
N=-Reactor Plant is the release cf spent water treatment cihemicals., In
general, these materials are diluted with the cooling water discharged to the
river. It is concluded that these streams do not normally" contain any sub=-
stances in concentrations which constituta a substantial hazard to health,
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dowever, limiting concentrations have not been clnarlj established ‘or three
3

release situations, These involve resin peuenuratlon chenlcals, backwash
from turbidity filters, and spillage of water contalning organi lc corrosicn
inhibitors, Further evaluaticn wil: be made.

All but one of the chemiczal and =
wise arranged to prevent -rivar jofe)
exception is the 163 Bullding cau

lities are diked or o%
vent of gross spillage The
¢ acid tanks which co
ot

u

i :

stic and sulfuri ch
drain to the river if accidsntal spilling occurrad, Any possibility of
river pollution from these scurces can be eliminated by construction of a
catchment basin at an estimated cost of $1C,000,
Sanitary Waste Disposal - L9C-H A&rea
Sanitary waste disposal performance was surveyed, lo contribution To wiven
poellution was found.
Waste Disposal - 300-l Area
The Fuels Section of NRD makes ao final dispcsal of liquid effluents, ALl
liquid waste streams, sanitary, chemiczal, and radicactive are transpdrted
to the Douglas-United NucLaar 2lant on ~he same site for procescing &nd Final
disposition., Liquid sterage tanks are so anranced +hat tank fupture or
accidental drainage would not lzad to viver water contamination, It is
assumed that effects of the final aisposizicn of NRD wastes will be reflected
in the response to Zxecutive Order 11253 Tc be made by the Douglas-=Unitad Nuclzar
Company.
DISCUSSION
—————
Radicactive Effluent
There are two main paths for the reiease of liquid effluents frcm the ) Reaczor

site to its surroundings. These are the flow through the ground to the
Columbia River and the flew through the main cooling water return to the
river, These two flow paths will be discussed in detail in the paragraphs
which follow.

Ground Water Flow

In general, all waste water containing significant quantities of rad
is discharged to the 1301-¥ waste disposal crid. It subsequently £
through the earth, joins the ground water, and flows to the Columbi
This method of disposal provides delay time for radicactive decay of
nuclides present, Some elements are essentially permanently retained in the
scil,

(L



The specific streams presently discharged to the 130i~-N radiocactive waste
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disposal crib are:

- (L)
(2)

(3)-

(4)
(5)
(6)
(7)
(8)

Contrecl rod cooling water
Primary loop purity bleed
-Rupture monltor szmple water
Primary loop spill

Moderator cco.ning 16l o.zed
Fuel storage sesin owesflow

YRy L R LA . A O N T
Miscellanzcus FLow and hot nao draans

The total input rate averzg:s about 25(¢ gpme The radioactivity in
- ’

streams 1s nermally frem aa:;va:iun prouu*
fission products are usually pre T

The concentrations of radicnuciid

LD Lafilent,

as wn the LICI-N orid influent are
Table I based upon radlcanaiysis of cempies taken bsitwaen July and
1965, The mean wvalues in Tapls I arz sased on grab samples and the
reflect the limitaticns inherent in that sampling method,

~
‘l
3, Fcllowing fuel elemen:

o,
3
Fa

TAJLE I
Concentration ufli/mlL
AEC Appendix Yean VYalue concen., Range Ho,
Nuclide 0524 Limirts Cric Influant Mininum Masxinum S
I-131 3 x 10~7 2,5 x 19=3 6 x 10=7 3,1 x 10"
=90 3 x 10-7 5.2 x 10~7 1.2 x 107 1,5 x 10-6
Cs=137 2 x 10-5 4,8 x 10=E B,5 x 10"/ 3,2 x 10=5
P-32 2 x.10-5 1,7 x 10=3 5.2 x 107 1,6 x 10-=8
Ba=140 3 x 1073 2,7 x 1973 1, x 1076 1, x 1074
Co=-60 5 x 1073 1,3 1670 Lot w 1070 1, x 107
Fe-59 6 x 10=9 8,1 x 10=% 1. x 1076 2,7 x 10-H
=54 1 x 10-% 3,2 x 107 6. x 1070 g, x 10%%_
Zn=-65 1 x 10-% 5,7 x 1073 2, % 2077 4,5 x 1073
Zn-95 6 x 1073 3,5 % 1078 L. x 107% 1.4« 107
Cr-51 2 x 1073 §,7 % 1579 6, » 1076 1,2 x 10~
As-76 2 x 10=5 3,4 x 10™% 5, x 10=10 1,4 x 10-3
Na-24 2 x 1o0-4 1,3 % 10=% 2,3 x 10°6 3,9 x 10-%

g 1
+ 3
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Table I shows that the nuclides reported are present in concentrations which
do not exceed permitted levels for release tc uncontrolled areas with the
exception of I-131, Sr-90, Fe-53, and As-76, Since all other nuclides are
within specification in the crib influent, they are assumed to likewise fall
within the permisgible limits in the ground water drainage to the river and
therefore those nuclides will not be considerad further., The nuclides with
concentrations exceeding the allowable levels at the crib inlet will now be
discussed in detail.

Sr-90 is known to be strongly adsorbed on clay minerals in the soil and by
the time ground water from the crib reaches the river, the Sr-90 concentration
is expected to be reduced by a factor of about four hundred,(3)

The mean iron=-59 concentration at the crib inlet is at the limit and filtra-
tion in the crib is expected to reduce the concentration well below that level,
The pH of the crib influent is on the basic side of neutral, and this is
expected to promote the coagulation of iron and improve its filtration pro=-
perties,

As=76 1s generally present as an anion and based upon published adsorption
data,(s) sufficient transport time passes so that radiocactive decay will

eliminate this nuclide before it reaches the river bank., This viaw is supported

by an analysis of river bank effluent from the 120l-N crib in which As-76
could not be positively identified, (6)

The remaining nuclide, I-131 still exceeds the Appendix 0524 limit at the

river bank. Because of this, I~131 concentrations in river bank seepage

have been extensively monitored, The mean concentration was 2 x 10=6 uCi/ml

in 183 samples taken during the period, Octcber 1, 1965, to January 31, 1966,
The source of the iodine is mainly fuel element ruptures. It is the only
nuclide in N Area effluent which at a point of entry into the Columbia River

is known to exceed AEC Appendix 0524 limits for release to uncontrolled areas.
When dilution by river water flow is assumed, the I-131 concentration is reduce
to levels which are well belcw the limit, -Research personnel of Battelle
Northwest Laboratories suggest that for stream bank entry at N Area, adequate
dilution may be conservatively assumed by the time th? D Area pump intake
(about two and one-half miles downstream) is reached.'7) Based upon mixing
with 1 percent of the stream and a l4-year average of the Columbia River

flow of 132,000 CFS, the river bank concentration would be reduced by a factor
of more than one-hundred, This reduces the concentration to less than 2 x 108
uCi/ml or more than an order of magnitude below the limit,

In a mixture of radionuclides, the ratios of actual concentrations to maximum
permissible concentration must be summed, and this ratio must be equal to

or less than unity in order to conform with the limits, The sum ratio formed
from the cridb influent analysis exceeds unity, Complete analytical data on
the ground water are not currently available; however, when the influent con=-
centrations are considered along with same degree of river dilution as assumed
for I-131, the ratio will be more than an order of magnitude below the limit.
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Direct Discharge to the Columbia River

The major quantity of liquid discharged from the N Reactor is the cooling
water returned to the river through the outfall system. Some of the flow is
released near river bank, but most of it is discharged into the main channel
of the river. The latter stream contains some radioactivity because 109=N
steam generator blowdown is mixed with it. The source of the activity is
weapage of primary coolant at the tube sheets in the steam generators.
Analyses of samples taken at the south seal well in the main outfall line

are given in Table II, It will be seen that individual concentrations of all
reported nuclides are within the permissible limits for unrestricted drinking
water usage. However, the sum of the ratios cfactual concentration to maximum
permissible concentration for each nuclide was found to exceed unity, But

the individual concentrations are very low and the test data in almost every case
was reported by the analyticai laboratory as "less than' the stated numerical
value, Because of this limitation in the analytical data and because it is
not reasonable to expect significant activity in this stream, it is our con-
clusion that the activity contribution above background made by this stream
does not exceed the AECM 0524 limits for unrestricted usage.

TABLE II

Concentration uCi/ml

AEC Appendix Mean Value No, of
Nuclide 0524 Limits River Effluent Samgles
I-131 3 x 107 2,4 x 10-7 9
Sr-90 3 x 10-7 4,3 x 1078 2
Cs-137 2 x 1073 4, x 10=7 6
P-32 2 x 10~° 2,6 x 10-7 3
Ba~-140 3 x 1073 1,7 x 10-6 9
Co=60 5 x 10%3 3.4 x 10-6 9
Fe-59 6 x 1073 5, x 10~7 6
Mn-54 1 x 10=4 2.3 x 10~7 5
Zn=65 1 x o~ 3.2 x lo-; 9
Zn-95 6 x 1072 7.6 x 10° 5
Cr-51 6 x 1073 1, x 10 8
As=76 2 x 109 5,8 x 1078 5
Na=2U4 2 x 10~ 8,2 x 1078 7

Chemical Discharges

The liquid discharge streams from the N-Area Plant to the environs hav? ?een
surveyed for their potential for creating a chemical pollution hazard,'8
Liquid streams can discharge into the Columbia River at four locationg., These
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locations are: (1) at the end of the flume from the outfall structure,

(2) through a 102-inch pipe from the outfall structure, (3) through a 36-inch
overflow pipe and flume from water storage tanks, and (4) a 42-inch gravity
drain line from the 182 Building basement, The first and last two streams
tarminate at the shoreline of the river; the second pipe line ends in the
main channel of the river,

Streams (3) and (4), the 36-inch overflow and 42-inch gravity drain would

only be used intermittently and present no pollution potential. The 36~-inch
line is an overflow drain from four water tanks, and its use is infrequent,
Small, intermittent raw water discharges are also releaged through this stream
from the 182 Building, a water pumphouse. The only appreciable source of
chemicals which might enter this stream are those present in treated water

in an afterheat removal water storage tank, and only if the tank overflows

or is drained, an infrequent occurrence. Therefore, this stream will be
discussed in a later section of this report, which treats spillage from
storage,

The 42-inch pipe is an emergency drain line furnished to prevent flooding of
eritical equipment in the unlikely event of the rupture cf a major raw water
line in the 182 Building basement. The drain is also used for small inter=
mittent discharges from 182-N sumps., Only incidental trace chemicals are
normally present in this stream, and concentrations are considered too low to
constitute pollution,

The remaining two streams, the flume and pipe line, do receive appreciable
chemical discharges, The major source of potential chemical pollutants are
those generated in the water treatment plant., Spent chemicals drain to these
lines and are diluted by the plant cooling water effiuent which is returned
to the river through these lines, The 102-inch line normaily returns about
300,000 gpm of cooling water, mainly from the 109 Building dump condensers,
The concrete flume releasesabout 100,000 gpm of cocling water from the primary
pump drive turbine condensers and the turbine generator set, The make-up of
these two streams has been reviewed and the conclusion reached that no
chemicals are routinaly or continuously discharged in concentration?gsited

as hazardous in the Public Health Service Drinking Water Standards.

There are, however, two intermittent discharge streams about which certain
qualifications are indicated., These streams are spent regeneration chemicals
from water treatment resin beds and the backwash from turbidity filters.

The regeneration chemicals are sulfuric acid for cation resins and sodium
hydroxide for anion resins, At the peak sulfuric acid flow, the acid concen=
tration at the 102-inch river discharge is conservatively estimated to be
about 60 ppm. The sodium hydroxide concentration would be about 8 ppm. The
chemical discharges occur four to eight times daily for periods of 30 to 90

L e v v Soiy
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minutes each time, The maximum range of pH is 5.5 to 9,0 and should be near

the extremes for only a few minutes, McKee and Wolf in "Water Quality Criteriﬂ(lo)
report that a pH range of 6.5 to 8.5 is safe for all forms of life, but do

not delineate pH values clearly known to be hazardous, The effects of very

brief intermittent discharges are not discussed.

The solids backwashed from the water filter plant result in a temporary turbidity
lavel at the end of the effluent flume which exceeds finished drinking water
standards. The filter plant backwash is released to the river at the shore

for about seven minutes, once per shift, The solids are an alum produced
floccule along with solid matter removed from the river water by the filtration
process, The concentrations of dissolve? ghemicals, mainly aluminum sulfate,

are within Public Health Service lLimits,(S

Neither of these discharges are believed to constitute a substantial hazard to
health, and therefore do not conflict with the requirements of Executive Order
11258, However, a more specific interpretation of the regulations as applied

to this matter will be sought.

In the course of making the survey for this report, three additional seurces

of intermittent chemical discharge were found. The actual health hazard has
not been clearly established, but preventative action can be taken at a
relatively small cost. The first source is a chemical sump in the 108 Building.
This 1000 gallon sump is emptied by an eductor once every two weeks, This is
accomplished in about 20 minutes. Under the worst circunstances with the pit
full of concentrated sulfuric acid, the effluent from the shore discharge

could contain about 1000 ppm of the acid, The installation of a simple orifice
restriction to reduce the rate of discharge will eliminate the problem. The
gsecond source is the dummy decontamination tanks. These tanks may be drained
to the river about once per month, Simple operational procedures can prevent
any pollution problem and these procedures will be instituted. The third
source is once through cooling water which is used during certain infrequent
reactor maintenance operations. Sodium sulfite is added for corrosion control,
and the water could contain up to 120 ppm., By dilution with other cooling
water streams, the level can readily be reduced to less than 10 ppm.

Spillage From Storage

A complete survey of the potential for stream pollution by spillage of
chemicals and fuels has been made,{?®) All fuel tanks are properly diked,

All chemical storage is done in such a manner that gross spillage would not
result in pollution hazardous to health with the exception of caustic and
sulfuric acid storage in the 163 Building., One 10,000 gallon tank of 50 percent
caustic and one 10,000 gallon tank of 93 percent sulfuric acid are involved.
In case of accidental spillage, these chemicals would drain to a sump and
automatically be pumped into the outfall line to the center of the river., In
order to eliminate the possibility, drainage could be provided from the tank
area to a new catch basin constructed west of the 163 Building. The estimated
cost of the facility is $10,000.
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Accidental spillage of large quantities of secondary system condensate might
be regarded as a potential pollutant., This water is stored in a one-half
million gallon tank, Overflow or spillage would drain to the river through

a 36-inch overflow pipe and flume., Corrosion inhibiting chemicals are present
in the water in the amount of 1 to 2 ppm morpholine and 50 to 100 ppb hydrazine.
An occasional, temporary, process control upset could result in the doubling
or tripling of the foregoing concentrations, but the entire tank would not

be subject to such fluctuations, Owing to the toxic nature of this class

of organic compounds, there is a possibility that spillage from this tank
would be hazardous to some aquatic life. Safe concentration limits for these
compounds were not available at the time of the preparation of this report,
Considering the circumstances and low concentrations, it is doubtful if a
substantial pollution hazard exits; however, a further investigation will be

made.

Sanitary Waste Disposal

The sanitary wastes from 100-N Area discharge
associated drainage systems, Table III shows

to three septic tanks and
the required capacity using the

standfrd design criteria.of ?gl%allons/person in a 2u-hour period and the
existing installed capacity.
TABLE III
Building Required Capacity Installed Capacity
182-N 250 gallons 1000 galleons
163-183=-B 250 " looo "
1903-N 8750 " 10,000 "

Ground water samplaes have been analyzed for coliform bacteria, and results are

given in Table IV,

The sample points are located on the river bank and inter-

cept the drainage route from the sanitary tile field.

TABLE IV
Sample Point
N-SP-1
N=SP=2

N=SP=3

Hebe H i)
Q
Q

0

Based upon these data, it was concluded that sanitary waste disposal at N Area
does not cause pollution of the Columbia River,
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300 Area Operations of NRD

The Fuels Section of NRD makes no final disposal of liquid effluents.(2) 411
liquid waste streams: sanitary, chemical and radiocactive are transported to
the Douglas-United Nuclear Plant on the same site for processing and final
disposition, Liquid storage tanks are so arranged that tank rupture or acci-
dental drainage would not lead to river water contamination, A detailed dis=-
cussion of final disposal methods i1s assumed to be part of the response to

- Executive Order 11258 to be made by the Douglas=United Nuclear Company.
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