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REVIEW OF EFFLUENT DISPOSAL PRACTICES

,°

!NTRODUCT ION

- A survey has been conduc%ed of current me%hods of disposal of radioactive,
S..._e.-.chemical, and sanitary wastes used both a_ the !00 Area and 300 Area "_

of N Reactor Department Opera, ions, In addition_ liquid _____-_=_ facili-i_s

have been surveyed for situations which m_h.:__ result in _:..ve._water pollution,

The survey and this repcrz have been prepared in response to the reque_% of

the Manager, Richland Operations Office of =he A_.omic Ene._gy Commission <!)
in accordance with Executive Order i1258o

]

' An audit of N Reactor Department waste disposal procedures and practices was

recently made by the RLO0o(2) The audit report provides de=ailed data on

effluent: screams, methods_ and sampling points, Therefore, this repor_ does

•not include that information and ins'_ead provides a summary of experimen_a!

and analytical data which have become available since the audi_, It also

includes information developed in response =o specific provisions se_ for_.h
in the Execu=ive Order,

CONCLUSIONS

The following conclusions ware reaChEd regarding wasze disposal as practiced

aZ the 100 and 300 Area Operations of =he N Reactor Department°

Radioactive Waste Disposal- _0_-{ Area
_- :' -z ..... HI - --

At the point of entry to the Columbia River, no effluent streams contain

• concentrations of single radionuclides in eXCESS of AECM 0524 limits for

release _o uncontrolled areas, with one excep_iono Ground water f._om the

!301-N waste disposal crib sampled at the rivem bank contains i-131 in excess

of =he foregoing limit, However, by =he time river water reaches D Reactor

Area some two and one-half miles do_nszream, the 1-131 concentration is about

one one-hundredth of =he limiting concenz_ationo

Chemical Was_ e Dispose ! c i0qi[_Area

The main potential source of s=._eam pollution by chemical discharge from =he

N-Reactor Plant is the release of spent ware._ treatment chemical._o In
_u egeneral, these materials are diluted with %he cooling water discharged =o.,

• river. It is concluded that these streams do not norr.ally" contain any sub-

stances in concen=ra_ions which constitute a substantial haza-_d =o health°
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However, limiting concentrations have not been clearly established for three

release situations° These invo!ve resin regeneration chemicals, backwash

.from turbidity filters, and snillage of wa_er containing organic corrosion
inhibitors, Further evaluation wi.[! be made_

All bu: one of _he chemical a__d fuel .... -,= faciliZies a_= diked or o_h= _-

wise arranged Zo prevent-river 5oiiu_ion in the event of gross sp:'_==_o The
exception is the i63 Building caustic and sulfuric acid tanks which could
drain to the river if accidenzal- _ "" oc_u ....,._o Any possibility of

- river pollution f._om these sources can be eliminated by construction of a
catchment basin az an estimated cost of _SIC_O00o

Sani:ary Waste Disposal- iqr._;::._=_

Sanitary was:e disposal performance was &urveyedo :,Tocon z'_-ibu_ion zo r__ver
pollution was found°

Waste Dis2osal - 30Of:; Area,mw=Mm..cKa_,_,._

The Fuels Section of .,"_umakes no final discc_a.._' of ii_uid effluenz_,, All

_:_='_" _._em.ca_ and radioactive are trans- _=_liquid waste szreams_ ........ _ , _6..=_

Zo =he Douglas-United Nuc_aar ?lent on the same si_e for processing _ni final

disposizion o Liquid storage tanks are so a'_':.anged_haz tank rupture or
accidental drainage '" _ _ ' • 'wo_ no_ :,ad to r,-','er.::a_er con:am'-na_ion,, it "_s

assumed zhar effects of the final _i&poaition of _;RD waszes will be reflected

in the response zo Executive Order I125_ _o be made by the 3ouglas_Uni_ed Nuclear
Company o

DISCUSSION

Radioactive Eff!uenz

There are two main paths for the release of liquid effluents from the N Reac-or

size Zo its surroundings° These are the flow through the ground to the

Columbia River and the flow through the main cooling water re:u'_n 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 radioac:ivi:y
is discharged Zo the !301-!_ wasze disposal • _cr__. it subsequently fi!_ers

through =he earth, joins the ground wazer_ and flows to the Columbia P.iver_

This method of disposal provides delay _ime for radioactive decay of the

nuclides presenzo Some elements are essentially permanently retained in the
soilo

IIIII
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The specific sZreams prese:.rly discharged to the !S01-N radioactive waste

disposal crib are_

- (1) Control rod ccoiin_ water

(2) Primary loop puri_y bleed

- (3). Rupture monitor sample waker

, (4) Primary loop spill

(5) Moderator cc,o.-inZ iocp _,.,ee,a

(6) Fuel sZorage =_,_'.-::c,,_:. ,,.)w

(7) Misceiian_c,.!--."-L::,wand !.z- ..J.Cdr-_ins

• (8) Process _:,:.br.-dc'vc.r.,,.;_cn',,,a_aP

The _oZal inpuZ rare averag_'-:_abo,_,: 25(:0 gpmo The radioac_ivizy in -:hose
streams is normally from ac:iva:,i,;r. _oduc:.-,o Fc.i!owin_ fuel e/cmen'_ ru:_'_u'.'_

fission produc:s are u-$uaiiy preach: in r.he crib :nf_uen_0

The concenzrazions of rad'Lonuc_idas u. ,..:,_cb ,-:rib_.nfiuenz are .__;=.....

Table I based upon radioanaJ.vs:s of _amc'.es taken b_ween July and Cc_cber

1965° The mean values in ""--'" - -_r_-. . - ..,a,__,c. _ _ ,_ased on grab samples and there.-o _=

] "n_rme_hodoreflecZ Zhe limlzazions inherenZ "_n that scrap_: _=

TA3;E !

Concenzra:ion u.r'it,,-"n;

AEC Appendix :4can '/aL,ue boncen,_ P.anze _[o.,of
Nuclide 0524 Limits CrL_ :nf.iuen,-. :,li::i.._.zm_.aximum Sam:)les

1-131 3 x l0 -7 3,,5 x i0 "5 5 x 10 -7 3°1 x l0 _4 17

S_-90 3 x l0 "7 5.2 x i0 -7 lo2 x 10 -7 i,5 x 10-6 4

Cs-137 2 × l0 "5 4,S x 10 "8 4.5 x 10-7 3.2 x l0"5 !8

P-32 2 x,10 "5 1o7 × lO -6 5°2 x 10-7 Io8 x 10-6 5

Ba-140 3 x l0 "5 2°7 x 10 ``5 !_ x !0-6 lo x 10-4 !9

Co-60 5 x !0-5 l_ x _,_,._5 . '-. .;o:_ x l0"6 l_ x 10"'_ is-

• Fe-S9 6 x l0 -5 6,,i × l0 °5 1o x 10-6 2°7 × 10 -4 13

_-54 ! x l0 -4 3_2 :< _,_ 5._ x 10-6 9_ x I0 _4 !'3

" Zn-65 1 x l0 -4 5_" :<l0 =5 2_ x '0 "_ 4°5 x i0_5 !3
10-5 -:- 20-6Zn-95 6 x 3°.5 x 1'3 "" _,. x Io4 x i0-4 !5

Cr-5! 2 x l0 -3 5_2 x ,_0,5 6° x L0"6 I02 x !0-4 13

As-76 2 x l0 "5 3,_ x !0 -4 5° x 10-10 1o4 x 10 -3 2.0

: Na-24 2 x l0 -4 lo3 × 10 -4 2°3 × 20-6 3°9 x l0-4 14
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Table I shows that the nuclides reported are present in concentrations which

do not exceed permitted levels for release to uncontrolled areas with the
exception of 1-131, St-90, Fe-59, and As-76_ Since all other nuclides are

within specification in the crib influent, they are assumed to likewise fall
within the permissible limits in the ground water drainage to the river and
therefore those nuclides will not be considered furthero The nuclides with

concentrations exceeding the allowable levels at the crib inlet will now be
discussed in detail°

St-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 St-g0 concentration

is expected to be reduced by a factor of about four hundred.(3) (4)

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-
perk les.

As-76 is generally present as an anion and based upon published adsorption
data,(5) sufficient transport time passes so that radioactive decay will

eliminate this nuclide before it reaches the river bank° This view is supported
by an analysis of river bank effluent from the 1301-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, 1-131 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, October i, 1965, to January 31, 1966.
The source of the iodine is mainly fuel element ruptures. I_ 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 1-131 concentration is reduced
to levels which are well below 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 14-year average of the Columbia Kiver
flow of 132,000 CFS, the river bank concentration would be reduced by a factor
of more than one-hundredo This reduces the concentration to less than 2 x 10-8

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 crib 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 1-131, the ratio will be more than an order of maEnitude below the limit.

'_-,"-'"-""_ .... • .... !_ "'_ " ,...... "_ - - ""_ ,'9
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Direct Discharge ._.othe Co.lL_mbia River
s

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

weepage 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 IIo It will be seen that individual concentrations of all

reported nuclides are within the per_nissible limits for unrestricted drinking
water usageo However, the sum of The ratios cfac_ual concentration to maximum

per_nlssible concentration for each nucllde was found to exceed unity° But

the individual concentrations are very low and the test data in almost every case

was reported by the analytical laboratory as '"less than _'the sta_ed numerical

value° Because of this limitation in _he analytical data and because it is

not reasonable to expect significant activity in this s_ream, i_ is our con-

clusion that the activity contribution above background made by this stream

does no_ exceed the AECM 052W limits for unrestricted usages

TABLE I!

Concentration uCi/ml

AEC Appendix Mean Value No° of
Nuclide 052_ Lin,i_s River Effluent Samoles

, , , r | iiii -- - ! - _ -

1-131 3 x i0_7 2o_ x 10 -7 9

St-gO 3 x lO "7 4,3 x lO"8 2

Cs-137 2 x 10-5 a.x lO"7 6

P-32 2 x lO "5 2o6 x 10-7 3

Ba-140 3 x 10-5 1_7 x lO-6 9

Co-60 5 x 10-5 3,_ x i0"6 9

Fe-59 6 x lO"5 5o x lO -7 6

Mn-54 I x lO-_ 2_3 x 10 -7 5

Zn-65 I x I0"_ 302 x lO"7 9

Zn-95 6 x I0"5 7°6 x I0-7 5

Cr-Sl 6 x lO"5 i, x lO"5 8

As-76 2 x 10-5 5°8 x lO"6 $

Na-24 2 x lO"4 802 x lO"6 7

Chemical Discharges

The liquid discharge streams from the _J-Area Plant to _he environs hav_ been
surveyed for their potential for creating a chemical pollution hazard, L8)

5iquid streams can discharge into the Columbia River at four locations. These
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locations areg (i) at the ond of the flume from the outfall structure,

(2) through a 102-inch pipe from the outfall structure, (3) through a 36-1nch

overflow pipe and flume from water storage tanks, and (4) a _2-inch gravity

drain llne from the 182 Building basement° The first and last two streams

terminate at the shoreline of the raver; the second pipe line ends in the
main channel of the river°

Streams (3) and (_), the 36-inch overflow and _2-inch _ravity 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°
a_

Small, inter_nittent raw water ulscharges are also released through this stream

from the 182 Building, a water pumphouseo 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 _2-inch pipe is an emergency drain line furnished to prevent flooding of

critical equipment in the unlikely event of the rupture of a major raw water

line in the 182 Building basement° The drain is also used foz, small inter-

miTtenT discharges from 182-N sumps° Only incidental _race chemicals are

normally present in _his s_ream, and concentrations are considered too low To

constitute pollu_iono

The remaining two streamsz the flume and pipe line, do receive appreciable

chemical discharges° Th_ major source of potential chemical pollutants are

those generated in the wa_cr treatment plant_ Spent chemicals drain to these

lines and are diluted by the plant cooling water effluent which is returned

to the river through These lines° The 102_inch llne normally retuz_ns about

300,000 gpm of cooling water, mainly from the 109 Building dump condensers.

The concrete flume releases about i00,000 gpm of cooling 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 _hat no

chemicals are routinely or continuously discharged in concentration99qited_,
as hazardous in the Public Health Service Drlnking Water Standardso"

There are, however, two inte_iTtent discharge streams about which certain

qualifications are indicated° These streams are spent regeneration chemicals

from water treatment resin beds and the backwash from turbidity filterso

" 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 lO_-inch river discharge is conservatively estimated to be

about 60 ppm. The sodium hydroxide concentration would be about 8 ppmo The

chemical discharges occur four to eight times daily for periods of 30 to 90
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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 CriteriX (I0)
_eport that a pH range of 6.5 to 8.5 is safe for all forms of life, but do

not delineate 9H values clearly known to be hazardous. The effects of very
brief intermittent discharges are not discussed.

The solids backwashed from the water filter plant resul_ in a temporary turbidity
level 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 alonE with solid matter removed from the river water by the filtration

process. The concentrations of di?solved chemicals, mainly aluminum sulfate
are within Public Health Service llmits. (9)

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 sources
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 I000 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 f-tom the shore discharge

could contain about i000 ppm of the acid. The installation of a simple orifice

restriction to reduce the rate of discharge will eliminate the problem. The
second 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 coolinE 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 I0 ppm.

Spi!lage From Sto_age

A complete survey of the potential for stream pollution by spillage of
chemicals and fuels has been made. (8) 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 llne to the center of the river. In

order to eliminate the possibility, drainage could be provided from the tank
amea to a new catch basin constructed west of the 153 Building. The estimated

cost of the facility is $I0,000.
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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 36-1nch overflow pipe and flume_ Corrosion inhibiting chemicals are present

in the water in the amount of 1 to 2 ppm morphollne and 50 to I00 ppb hydrazine°
An occasional, temporary, process control upset could result in the doubling

or tripling of the foregolng 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 concentratlon,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_ W.as%eDisposal

The sanitary wastes from 100-N Area discharge to three septic tanks and

associated drainage systems. Table III shows the required capacity using the

standard design criteria of <i)_Ol_all°ns/pers°n in a 2_-hour period and theexisting installed capacity.

TABLE Ill

Required Capacity Installed C_apacity

182-N 250 gallons 1000 gallons

lS3-183-B 250 " i000 "

1803-N 8750 " I0,000 "

Ground water samples 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
.... !

SamR1ePgint Colifo

N-SP-I 0

N-SP-2 0

N-SP-3 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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3o0A. eaoperations Of_ RD_

The Fuels Section of _P_ makes no final disposal of liquid effluents. (12) All

liquid waste streams, sanitary, chemical and radioactive are transported to
the Douglas-Unlted Nuclear Plant on the same site for processing and final

disposition. Liquid storage tanks are so arranged that tank rupture or accl-
dental drainage would not lead to river water contamination. A detailed dis-

cusslon 09 final disposal methods is assumed to be part of the response to
_ Executive Order I1258 to be made by the Douglas-United Nuclear Company.

' _ _,"

Specialist
,Meteorology & Hazards Evaluation
Process Evaluation & Control '

MM Hendrickson

D.'D.

Senior Engineer

Process Design
Project Section
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