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ANALYSIS OF WASTE RELEASED BY SEEPAGE 'ID THE COllJMBIA 
RIVER FROM THE 1301-H CRIB 

By 

R. William NelsoJ/ 

INTRODUCTION 

The 1301-N cr i b is des igned t o receive diverted primary coolant from 

the N-Reactor when a fuel element f ails. I nf or mat i on on the rate of re­

lease of fission pr oducts and concentrat ions in t he Columbia River is needed 

to eval uate the l ong-term publ i c safety . 

The purpose of this report is to present rational methods for predicting 

the arrival-time distribution of wastes to the river. These methods are spe~ 

cifically appl i ed to provide estimates of the long-term maximum activities 

of 1
1

3
1 

in the river as a result of the disposals to the 1301-N crib. Other 

radionuclide activities may be obtained through use of the basic flow system 

results. 

SUMMARY 

~is report presents analysis of the effects that act to reduce the 

rate of contaminant entry to the Colu.~bia River following diversion to the 

1301-N crib. The met hods, presented .in detail, provide conservative predictions 

of river contamination levels after long-term operation. 

1 
HANFORD LABORA'IDRIES, GeneYal Electric Company, Richland, Washington. 

Work performed under Contract No. AT(45-1)-1350 between General Electric 
Company and the U. S. Atomic Energy Connnission . 
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The boundary value problens used i.'1 r::al::'..r:g the predi ct icns were pc.:.rpcsely 

selected to provide a conservative analysis of travel tire. For exru:iple, ulti­

mate steady flow conditions were used, altho~gh in reality only after several 

years of crib use will these be apprcached . A constant lrn.i river stage of 380 . 5 

feet was assu::ied for the detailed analysis, wi:e :::-eas such a level act1ally occurs 

only over a short period of t::..r::e. Also, twc-d.:!:l.ensional saturated flow systems 

with n:.cre short flow paths were used throughcat the evaluation; these predict 

shcrter travel ti:::nes than occur in the actual triree -dimensional flow system., 

which bas more long flow paths. All conside:ced, the resulting margins of safety 

* in the calculated travel tines probably l i e between 5 and 10. Therefore, a cal-

culated travel time of 12 days, as found in this case, represents an actual 

travel time of 60 - 120 days . However, a hazards analysis based upon the 

"worst possible" philosophy should be used at present. After actual disposal 

experience is gained and field measure~ents of conta~ination in the ground water 

and at riverba.nk spr ings are available, then the present conservatism should be 

rJevalaated. 

* The same methods used here were applied to evaluate seepage from the 100-H 

retention basin which has bee~ in operation for many years. The calculated 

travel time in that case was 19.25 hours (0.80 day) as compared to 6.5 days 

measured using 1131 ratios ·in water sa.r:rples(l, 8) 

U11CLASSIFIED 
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All the as~ects of the ground water flow systen vital to ccntarainaticn 

analysis are brc~ght together in the Basic Water Arri~l-Tine Distribut~on. 

This distribution is a continuous function interrelating the arrival t~n° at 

the river with the cUr.1ulative relative flux of water leaving the crib. The 

function for the 1301-N crib has values of 11.78 , 13.33 ar.Q 24.03 days for cunu­

lative fluxes e:1tering the river of 0.05, 50.0, and 95.0 percent respectively. 

The dependence of c· . .1..r:iulative flu.':es enter ing the river upon time, when ccn­

bined with the rati'1er short (less than 1 day) rupt~e dischc.rge periods to the 

crib, results iJ: a s ignificant dilution of waste enteri~g the river. For both 

rupture di vers~c-n periods asSlL":led, 500 and 1000 minutes: the rupture fre~uency 

could be as ofte:1 as or.ce every 20 days and still nonsorbed isotopes from one 

diversion would have entered the river and moved dcimstream b~fore radionuclides 

from the next rupture reach the river. 

131 
The decay of I , when combined with the dilution f'rom flow geometry ef-

fects, gives the time variation of riverbank activity as a ratio to the activity 

entering the soil at the crib. These ratios are 0.072 and 0.117 for the average 

and rnaximUI'.l rupture diversion ti.mes, respectively. 

GErl"ER.AL CONSIDERATIONS 

The reactor effluent s going to the cr ib will include a water purity bleed, 

a continuous coolant-monitoring bleed, and individual . tube diversion during 

ruptures. The tube rupture diversion contributes the activity to the river 

through seepage from the crib. In the analysis to follow, not only pea.~ activity 

UNCLASSIFIED 
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to the crib but also the duration and frequer.cy of rupt:.:re occ·..:r:::-e:1ce ::..s inpor-

tant. S'hort in:f:::-equent rupt-...u-e :pe1·iods, even thcugh of nigh act:'.."✓ ='-ty, r:2..y yield. 

rather low concentrations of contaninants in the river. However, rupt-..:.res in-

valving ID'.lch lower activity but occ -...i.rring more frequently ar.d fer lor::ger :?eriods 

could r,:-od·_,ce hie;her river activities. He!1ce, t.:he d..:.ratic,r_ a !ld. fr::Q.'..~e :..::y of :r 1.11> 

tta"es are importar.t. 

t..n c:::, The eJq:ected ave:·a ,£:e ti1:1e of d iversion tc ti:e 1301-N cric d·_:yi,,g a :t..iel 

"-l . (10) 
• elemeni: faiLu-e is 500 mim:tes ( 0 . 34 7 de.y) with a freq_·"1ei-_cy of or:: ce per nont1, . 

. ("",,J 
C-......J 
~ The rc.axinwn rupt·.rre diversion tise is estir~ted at 1000 ::1il1utes ( 0. 694 d.e.y ). 
-.;;: ...... 5"'- From these dat a will come the average and worst possible release :rates of con-

·• 

tamir:atior:. to the river. 

Crib Utility 

Seepage ~rom a crib is an effective a.1d economical way to handle rather 

high but short-term activity peal,s associated vith fuel elenent failures. The 

beneficial reduction in river co!1tanination is the result of three effects: 1) 

Travel time variations arising from ground water flow geometry, 2) decay time 

provided. by slow ground water movement, and 3) decay tine provid.ed by any delay 

due to ion exchange. 

Iteo.s 2 a.rid 3 are well recognized. By contrast, item l is seldom considered, 

yet it is always pi·esent and provides a significa.'1t reduction i:.1 :;,eal~ ri·:er co.,cen-

trations. In fact it is the starting point fer introducing both decay and, if 

presen~, ion exchange. 

Item 1, the ti:ne variation due to flow geo~etry, results in a slow extended 

bleed of waste to the river. The slow bleed rate is a result of v2.rying velocities 
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along gr0\.L'1d water flew paths of difterent le!"!gths. In other words, the .:::er.-

ta:.iinatien fcllc·.1:'..::g the shert est flou path enters and is swept dowr.river lo:1g 

before the waste following a longer path reaches the river. Deper,ding ·:i;cr: 'the 

flow system, the net effect is tr..ree- to a hundred.fold red:..:.ction in pe~: activi ty 

er.tering the ri:rer. Decay a.rid ion e~c:1a ni;e r.:'.lst be su:;;ier -i :::rosed on tb :'...s t:.::-.e 

variation fro~ flew geocetry. 

.ANALYSIS 

The three h:de?ender:t eff ects ( fl ow gecr.etry, decay a:, d scrption) c.:'..!::inisi1 

the peal: activity e::iteri:, g t he river from the crib. Each effect whel1 r:reser.t 

mL\St oe a nalyzed c.2·.o.. then crn;ii.J i r.ed with the othe:cs to e!1able p1·ediction cf the 

activity distrib--.;. t:'..on Lri the rive:c. The a nalysis i ncludes four ge:1.eral steps: 

1 . Describe the ground water flow system ( 1301-N crib) as a well 

posed bou::dary value problen, and solve that problem for the 

ground water potential and flow paths. 

2 . Carry out a macroscopic flow time analysis along paths of flow 

and appropriately introduce hydrody-~a mic dispersion to obtain 

tne Basic Water .Arrival T:.me Distribution. 

3. Use the basic water ar::.·ival tine distribution and the ti.r:ie of 

4 

waste inflow to the crib to obtain the reduction in river con-

t . ' . . ~ ... . ~ ' - * aminai:.:10:1 as a runcl,ion 01 'tl.lle . 

131 
Introduce radioactive decay (I considered here) using the 

time and reduction distribution in Step 3 to determine the ac­

tivity entering the river as a function of tiDe . 

*If ion exchange req_uires analysis, an additional step bet.....,een Items - 2 a::ci 3 

is needed. 
UNCLASSIFIED 
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These steps will be considered ccnsecutively in detail. At the s~e ti!:e 

bl 7 t . d . ~ 1131 usa e resu_ s are prov:. ea !CY estr.a-::.::.r..; act:..vities i.., :,::e :-:-r:2:- fyc::i. 

the 1301-N crib. Those interested pri:narily in conclusions r:,ay proceed direct-

ly to the Results section sir,ce the intervening tcpics describing the ::.ethod 

can be orn:.tted with a mini.!;:'..L-:: loss in contir:c:.ity. 

1301-N -CRIB FT_,QW SYSTEM 

The 1301-N crib is lccated on t i1e bariJt bl•.lff' scme 60 f'eet above a!!d 860 

feet bact from tne Columbia Rive:r . Coolant effli.;.er.t fycrn the reacto:::- ever-

spills the crib en.trance trougn and spreads out into ti1e three feet of botton 

area (125 feet by 290 feet) filled. with large stcnes. The water level in the 

crib will be maintained below ti1e sm·face of the stones through pond seepage 

and occasional overflow into the crfo extension trench. The time for mcvel:lent 

along the crib ler.gth, i..11to the trench, and then by seepage i..11to the river is 

longer than by direct seepage from near the crib inlet to the river. Tnerefore, 

the first effluent to er.ter the river will move along a vertical plane extend­

ing perpendic:.1larly bacl~ frcr., the river, and passing through the crib ::-iear the 

entrance box. In this vertical plane, appropriate botL11dary value prc~lens are 

considered. 

Boundary Value Problems And Their Solution 

Several boundary value problems were set up to describe the flow system 

in the vertical plane mentioned in the previous section. The boundary conditions 

and flow systems were purposely selected to provide conservative analyses o:f the 

lTIJCLASS IFIED 
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travel time. For instance, ultinate steady-flew syste::::.s were used: altho'.1gh in 

reality only after several years of crib operation will these conditions be ap­

proached. Sinilarly, two-diQensional saturated flow syste::1S: which are used 

thro'.lghout, predict shorter travel tines tha.!1 actually occur in the tr'.le three-

diDensional flow system. 

River fluctu~tions, which occur both seasonally and yearly, char.ge the 

energy available fo:::- ground water flow and thereby alter tne travel time dist1·i­

bution. Accordingly, tr.ree river ocur.d.s.ry elevations, 400, 390, and 380 . 5 feet, 
(9) 

were studied . The lowest river stage to·..mdary value problem gives the short-

est minimwn travel tirJe, so it is the one considered in detail here. 

In the solution of the crib f::!..cw systeIB there are two boLmdary conditions 

that are particularly dii'ficult to handle: the free surface (water table) and the 

surface of seepage (riverbank springs). Both of these bour.daries ariset from hav­

ing a gravity coI:Iponent included in the grotLDd water potential; hence the locations 

of the water table and riverbank springs are not known a priori, but must be ob­

tained in the process of solution. 

Classical cond;.1ctance paper electrical analogs were used to solve the several 

boundary value problems ( 3). The free surr·ace and seepage surface were obtained by 

iteration until the required matching of potential and elevation conditions was 

satisfied. Once the water table and springs were correctly positioned, then equi­

potentials were measured and drawn on the conductance paper . Careful measurenent, 

of the current inflows and outflows on the conductance model enabled setting up 

the second boundary value problem to obtain the streamfunction. 

mrcLASSIFIED 
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Tne strea!'.lft.:..'1ction bcil!:c.a:,:: ·12.l'..le pr cole::i was the;; sclved by a new con-

ductance analog and the strea!:llines plotted. The traditional flow net for the 

system was obtained by trac ir;g the strear:llines a nd eq:ciipotentials on an ever lay. 

The flow net (Figure 1) is the basis fer the t:;..::;e a r.alysis to fellow. 

USE OF ?IJ) il GEOMETRY FOR TP.,E AHALYSIS 

Flow time is obtained f 1·c::1 tne flow sys t e:n results by combining the ve-

locity variations with the pa t:, leng-ch. Eacn fl ew pe.t h has a lmiq_uely differ-

ent flow ti.ne. Ac:::ordingly, t ne final tij;je distribution sougnt is the aggregate 

cf all individual flow times. This final dist1·foution of time car, be fo~nd from 

the flow net resi.l.l ts through ·-1se of the appropriate expressio::.1s that follow. 

Equations For Flow Time 

The basic equations needed (froo soil fluid mechanics) as a starting point 

are adequately discussed 
. (4,5) 

elsewnere , so tney will only be noted here. The 

effective pore velocity is fror:: Darcy's Law and the porosity: 

V - - ~ grad ¢ 
p 

(1) 

and the system of ordiI'-ary dif:'ere,,tial e quations describing a streamlfue are: 

dx dy =~ = (2) 0¢ 0¢ 0¢ ax ay az:-
Where: V is the effective macroscopic pore velocity vector, 

K is the hydraulic conductivity of the soil, 

p is the effective porosity, 

UECLASSIFIED 
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¢ = ~ + z is the \yd.!-aulic head, potential or poter:~ial fur.c"tion, 
pg 

x, Y, z are the C:l.rtesian coordinate directions with z oriented paral-

lel with the earth's gravitational field, 

p is the pressure, 

P is the r:::ass density, and 

g is the gravitational scalar. 

Let the differential length of flow path beds; then, in terms of CO:!!pcnents, 

2 2 2 2 
( ds ) = ( dx ) + ( dy) + ( dz ) or, 

ds at/J1 T (t) 2. c:)2 ldx ; (3) 

but since 9-s is along a streamline defined by Eg_uation (2), then upon rearrang­

ing the later equation and substit uting into (3), 
2 2 

0¢ 0¢ 
oy oz ds = ± 1 + + dx. 
0¢ 0¢ 
OX ax 

The definition of the absolute value of the velocity or speed, III is: 

ds 
d'T 

where 'Tis time. Rearranging Equation (5) gives 

dT = ds 

fII 

(4) 

(5) 

(6) 

Equation (6) becomes, upmn expanding Equation (1) and substituting in Equat_ions 
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(1) and (4): 

dT + = ax, (7) 

ar.d upon i ntegrating and re j ecting negative terms , the eA"})ression for travel 

t i me, T, is X 
0¢2 o.¢2 max 

, 
+ oy oz 

.L 

o¢ or/J 
ox ox dx . (8) 

T = 0¢ 2 + 0¢ 2 + o¢ 2 

Xo 
ox oy oz 

T'ne evaluation of the i ntegral must be carried out along a streamline. The 

parameter x
0 

is the value of x where the particular streamline leaves the 

crib, and ¾lax is the x coordinate of the point of emergence at the river. 

Equation (8) is the precise defin i } ion of travel time requiring evaluation. 

However, in this case the potential distribution, ¢(x,y,z), is not known as a 

function, but only as a flow net. Accordingly, a numerical summation with suf­

ficient accuracy is needed to use in place of Equation (8). This is obtained by 

replacing dx with its approxi.m.9.te difference equivalent, 

(9) 

and by always orienting the coordinate system along the streamline such 

that 

0¢ : · o, (10) oy = 
and, 

~,; o. (11) 

t.n'ICLASS IFIED 
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Further, let the difference approximation be 

(12) 

where t:.¢ is the potential difference along the streamline in the short distan~e A,. 

Then using Equations (9) 

mation sum: 

through (12), and replacing 
i = N 

= P .\' ( A2 ) ~ - L -
Ki=l I::,(/) i 

the integral by the approxi-

(13) 

Equation (13) enables getting the travel time by dividing the streamline into 

many short increments, each t\.. long, and recording 1::,¢ from the flow net; or for 

better accuracy by measuring 6¢ electrically directly from the original analog . 

Travel Time Analysis for the 1301-N Crib 

The travel time along each streamline, Tm, (them subscript designates 

which streamline) was calculated using Equation (13) and the analog results as 

in Figure 1. Table I contains the results for the low river stage of 380.5 feet. 

TABLE I 

SUMMARY OF CALCULATED GROUND WATER TRl\VEL TIMES FROM 1301-N CRIB TO RIVER 

Low river stage - 380 . 5 ft.- Hydraulic cor.ductivity (K) 
Porosity (P) - 0.3 

= 270 ft/day 

Streamline Cumulative N Travel Time Streamline 
Value Relative Flux ~(~) (Days) Length) L, 

'1f (g/~) .Li I::,¢ i (ft 
I.= I 

.. •.· . . ' 

.l l, 

0 0.000 10,740 11.93 833 
0.05 0.095 10,830 12.03 845 
0.10 0.190 10,970 12.19 857 
0 .20 0.380 11,480 12 .75 889 
0.30 0.570 12,410 13.79 933 
0.35 0.667 13,140 14.60 960 
o.4o 0.760 14,300 15.89 997 
0.42 0.800 14,870 16.52 1011 
o .44 0.836 15,690 17.43 1031 
0.46 0.875 16,740 18.60 1052 

·o.48 0.912 18,450 20.49 1080 
0. 50 0.950 21,170 24.08 1114 
o. 526 1.000 ------
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Esti!Jate of Hydrodyna.::iic Disnersion 

Up to this point the analysis has considered only macroscopic or average 

flow conditions in porous media. The microscopic aspects of flow or distributicn 

about the average (macroscopic) exert only SI!!all effects on river arrival time. 

These small effects (hydrodynamic dispersion)are nevertheless i.rapor~ant e~ough 

to receive consideration here. 

When two miscible fluids, originally separated by a sharp interface, rncve 

through poro~s media, the raechanisrr.s of molecular diffusion and velocity variations 

in pores of irregular size and length tend to alter the shape of the interface. 

The magnitude of this effect (hydrodynamic dispersion), although not complete-

ly understood or described mathematically, can be est~rnated. This is possible 

by considering only the lateral component of dispersion as a deviation in arrival 

time,about the average or macroscopic arrival time obtained in the previous sec­

tions. Based on this assumption, and considering flow along the streamlines to 

be essentially the same as for a very long straight column of soil, then the 

equations of Banks and Jerosate( 2 ), or Ogata( 7) as written in earlier work(
6 ) 

are applicable. Equation (24) in the earlier wor1/ 6 ), but converted to the 

notation used here, is: 

where: 

= 

tm is the arrival ti.me of any relative concentration, c/C0 , 

~ is the macroscopic arrival ti.me from the earlier analysi~ corre­

sponds to c/c0 == 0.5, ~d 

{ 14) 
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I 

a is the dispersity characteristic val:.le fer the soil, 

(a~ O.G2 ft. was used), 

Lm is the mth streamline length (see Tacle I), 

M 

C 

; erf-l (2 ~ - 1) is the inverse error function of (2 ~ - 1) 
co co ' 

is the water concentrat i on (best v is~alized as the concectration 

of a perf ect water tracer) at any tice, t , as the dispersed front 
· ill 

reaches the rive:r,a.I'-d 

C is the concentrat i on of the hypothetical wat er tracer in the :::rib . 
0 

Using Equation (14) with the colu.rm lengths f ree Table I and an a of 0.02 fcot, 

enables an estimate to be made of the hyd.rodyna::.ic dispersion along each strea.rr:line. 

The estimate must be incorporated into earlier results to get the Be.si~ Water Ar-

rival-Time Distribution. 

Figure 2 shows both the macroscopic and microscopic flow effects and is the 

basis for determining the resultant combination. The heavy center curve labeled 

* c/c
0

; 0.5 is a plot of the cumulative fractional flux, q/~, versus the arrival 

time, Tm' from Table I. The flow length (Table I) associated with each Tm was used 
ff 

with successive values of c/c
0 

to obtain the f~~ily of curves on each side of the 

central curve in Figure 2. The family of curves, a result of hydrodynamic dis-
~ 

pers ion, incorporates the micro-aspec·ts of flow in porous media . 

* The variable q/~ is utilized rather than\\[. Such use gives higher calculated 

peak activities in the river than will actually occur. This is the result of 

solving two-dimensional flow systems in the earlier section rather than the true 

three-dimensional flow cases. 

-IHI-The concentration term, c/c
0

, is used here to conveniently convey the idea that 

different fractions of the water arrive at different times due to hyd.rodynami~ 

dispersion along a single streamline. 
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The microscopic and macroscopic effects in Figure 2 must be. cor.ibined into a 

single distrib~tior.. This is acc curplished by obta:i.::L~g the variatio~ i:: cj~ with 

concentration, c/c
0
,at a single time. For exa.r:rple, a vertical line in Figcre 2 

representing 13.5 days intersects the c/c0 = 0.995 curve at a q/~ of 0.489. Simi ­

larly, the 13.5 days intersectio:: for c/c
0 

= 0.9 gives a q/Q
0 

cf 0.508. Other inter­

sections are: c/c0 :::; 0.5, q/Q :::; 0.527; c/c = 0.1, q/o = 0.544, etc. This distri-o O ~ . 

bution is shown in Figure 3 for a time eq_ual to 13.5 days . The other cc:_-r-ves shown 

in the latter fig;ire were obtair.ed similarly. The concentrations and c··.:..~·..:lative 

flux rates in Figure 3 are ncrMlly distribclted about q/Q , except for t he shorter 
0 

times where severe truncation occurs. It is only in the truncated regic~ where the 

dispersion effects will be of significance. 

The combined effects of hydrodynamic dispersion and flow geometry are obtained 

by evaluating the integral: 

where: 

(c/c) 

\ tlt " j( it! (tl 
0 

is the cumulative relative flux of water arriving at the 

river at time t, 

is t he maxir:r2:1 concentratioi: ass ociated with q/Q
0 

= O, 

(15) 

t is the river arrival time, and the other terms are as de­

fined earlier. 

Eq_uation (15) defines the successive areas under the time curves in Figure 3; 

these areas were found by planimeter. The results are presented in Table II. 
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TABLE II 

BASIC WATER ARRIVAL-TTI.ffi DISTRI3UTION 

(Containing the comb-ined effects cf hydrcdyr.acic dispers ion 
and flew geometry f or t he 1301-N crit) 

Time (t) Total CUc:",u lat i·,e 
Relat ive Fl:..:.x Rate 

(days) (Q/ Qo \ 

11.76 ------
:i.78 0.0005 
ll.83 0.0050 
11.90 0.016 
11.94 0.035 
11.98 0.061 
12.05 0.100 
12.10 0.139 
12.16 0.170 
12.20 0.193 
12.30 0.240 
12.40 0.300 
12. 75 0.380 
13.79 0.570 
14.60 0.665 
15.89 0. 760 
16.52 0.798 
17.43 0.836 
18.60 0.874 
20.49 0.912 
24.08 0.950 

l.OCO 

The results in Table II provide the basic water arrival-time distri­

bution, which completely describes the t irae delay brought about by seepage 

from the crib. 
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USE OF T:!E BASIC WATER-TTI·1E DISTRTI3!JTION 

The basic •..;ater arrival-ti::ie distriJutic:1 cc:::;:letely descri'oes -:::.e e±'::'ec:. 

of the flow system on contamination entering the river. The distribution pre-

diets the arrival and recession curves for co:1tara:ir:ated coolant diverted dur-

ing a f uel ele::1e:1t failure. 

The basic arri'1al-tine distribution for early t::_'lle.s, shcwr. in Fig-.;.re 4 as 

the heavy curve labeled C-..rrve 1, is a plot of results fror:1 Table II. This -::UT're 

is the bcur:d.ary between corlta2:linated :water d" "' t:::, rupture di·1ersion a::.d uncontami-

nated water whi~h preceded the diversion. 'Y.ne region to the left of the eurve 

re:preseYJts clean water; whereas, the region to the rig:,,t represents ccr.taLiY;a-::ed 

water. · Curve 2 was drawn by add.i:1g O. 347 day ( the average rupture diversion peri­

od) to all of the times in Table II. This curve representi: the res.ppeuan:::e of 

uncontaminated water after the end of the diversior.. Cu.rye 2 also repreaents a 

contamination boundary; however, this time the region to the right is -::lean 

water, and that to the left is contaminated water. The composite rest.:.lt, as 

seen in Figure 4, is a band of waste lying only between Curves 1 and 2. In fact, 

the integral between the two curves is the tctal volu.~e of contaminated liq~id 

leaving the crib during the diversion time of 0. 347 day. Since the ordinate in 

Figure 4 is the cumulative relative flux, then at any tic.e, t, the fra~tion of 

the ground water flow rate into the river, which is contaminat.ed, ia t!le dif­

ference in ordinate values. Curve 3 of Figure 4 is the differen:::e of cumulative 

flow rates, or the fraction of the steady flow rate (Q
0

), which at that time is 

entering the river. J\lso, Q/Q is the effective dilution of conta.r:iination, 
0 

caused by ground water flow geometry, from the crib to the river. 
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Curve 4 LTl Figcre 4 is a replot of the basic a.rrival-tir:e dis-'cributicn with 

the ::ax blu.rn rupt:.:re d. i ve2.·s i.on t :::..r::e c f O. Gs;4 d.c..y adc.ec. 7-c ea,2n -t:.:::e s::.o·,.,7. in 

Table II. The relative release rate of contami::iation to the river as a fun-:!tion 

of ti."Ile for the ITE.Y.:2!1'.ID di:versi on ti ",e is shc·.m as C.irve 5 ir.. Fi g..2Ye 4. T".:1e n"c:.­

mer i cal values of Q·'/~ f or Curves 3 and 4 are t aoula t ed i n 'I-2:o le III. T."1e-::·e :r-e­

mains only to include decay for t he 1131 and to obta in t:i1e co:::;j::;i_11ed. ac-::i":.ty re-

ductio!1 from decay a.>1d fl ow gecn.etry dilut ion . 

1131 ACTI1!ITY REIXJCTIOII BY DECAY ANTI . FI.OW GEOl1IBTff! DILUTIOE 

E-.rerything to this poic t has considered the water arrival-tir::ie dist·(:::;u:::io::-, 

arisir,g f1·om flew ge o:!let17 ; wnich ac t s effectively as dilt:t:.c., of the '\./'c.s:e , 

Tne effect of decay for any fission prodi:.ct, whi~h is not sor·.:ed, is easily in­

cluded using the travel tines from the flow syste:n analysis*; 1131 is considered 

in Table III. T..:.e fractional activity, A/A0 , is the produd of the de -::ay re-

' duction and the dilution, Q/~, due to flow geometry. T..11e fractional activit,y, 

when multiplied by the 1
131 

activity leaving the crib, A
0

, gives the :i.11s7antaneous 

activity entering the river via crib seep age. Tne entire di.s-:ribution is shown 

graphically in the Results sec~ion. 

* Soil sorption, fo:::- exaurple strontiwn and cesium, can be intrcdu::ed into the 

analysis much the sa!ll.e as hydrodynamic dis~e~sion wa3 incorpcrat=d previo~sly, if 

the relationship between the water and ion travel-tine distributions can be pre­

dicted. Curso:rJ analysis indicates that very large reductions in activities r:.ay 

be expected when there is sorptian. 
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TABLE III 

FRACTION OF ACTIVITY LEAV,,!G TF.E 1301-~! CRI3 WEICZ REACHES T:-:E 
RIVER AS A FUilCTION OF TTI•1E. FOR THE AVERAGE AHD MAXI­

Mlil-1 RUP'IURE DTvERSION TTI,1ES 

River Arrival Rupture Di·,ersio~~ Ti..r:ie 
Time Avere.ge (0.347 de.y) Me.x ir.l:ir:i ( 0 . 694 d.a.v) I .J. 

(Days) Deca:r Factor* I Qj~ I A/~ De-:,ay Fai:!t6~
1

< I Q/~ I A/.40 

11.80 0.3727 0.002 0.0007 0.3851 G.002 0.0008 
11.90 0.3690 0 ~020 0.0074 0 . 3801 0.020 0.0076 
11.95 0.3679 0.040 0.0147 0. 3790 0.040 0.0152 
12.00 0.3662 0.070 0.0256 0. 3770 0.070 o .. 0264 
12.05 0.3650 0.109 0.0398 0.3759 0.109 O.OLlO 
12.10 0.3625 0.144 0.0522 0.3:42 0.144 0.0539 
12.15 0. 3619 0.170 0.0615 0.3/23 0.174 0.061..8 
12.20 0.3600 0.188 0.0677 0.3707 0.198 0.0738 
12.25 0.3584 0.198 0.0710 0. 3690 0.220 0.0812 
12.30 0.3570 0.200 0.0714 0.3679 o. 2.42 0.0890 
12.35 0.3552 0.191 0.0678 0.3662 0.263 0.0963 
12.40 0.3538 0.169 0.0596 0.3650 0.282 0.1031 
12.50 0.3506 0.143 0.0501 0.3619 0.316 0.1144 
12.70 0.3447 0.112 0.0386 0.3552 0.302 0.1073 
13.00 0.3359 0.079 0.0265 0.3461 0.188 0.0651 
13.50 0.3218 0.058 0.0187 0.3315 0.133 0.0441 
14.00 0.3082 0.048 0.0149 0.3175 0.100 0.0318 
15.00 0.2825 0.032 0.0090 0.2911 0.065 0.0189 
16.00 0.2592 0.021 o.005L. 0.2671 o.oh.6 0 . 0123 
18.00 0.2181 0.011 0.0024 0.2250 0.022 0.0050 
20.00 0.1839 0.007 0.0013 0.1894 0.014 0.0027 
22.00 0 . 1546 0.004 0.0006 0.1595 0.009 0.0014 

* l':l~ '.rne zero time for I~~ decay was tal:en as the end of the rupture diversion 
time of 0.347 day. 

~ 
The f'raction of the initial activity reaching the river, A/Ao, is the product 

of the decay and dilution flux rates for the ground water, Qj ~. 

~The zero time for decay calculations was taken as the end of the rupture di­
version time of 0.694 day. If the actual distribution in time of activity 
entry into the soil from the crib were known, such results could be treated 
similar to the way hydrodynamic dispersion was introduced in the earlier 
section. 
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RESULTS 

The results c:' specific iri::;c::-tar.ce fer the 1301-:i:7 crib eval:.:.a-: :'.or: i..--:c~ud.e: 

direct grmmd water flow system data, the flow-geo~etry dil:.:.tion effects on a,:tiv­

ity entry to the river, and the predicted red·..1ct:.cn cf 1131 release i:o the river by 

co:::bined. grcw:d 1.;ater dih:.tion B.!::d. decs.y e:::'fects. 

Di~ect Flew Syste~ Results 

Three of the coP.servat i ve t'"wo-dicensior.al bou:,·.2£.Ty value problems we::e set 

up to st:idy the e::rects of river stage on ti:e travel tiue al:m6 i:he s1:crte3't :i:'low 

path . 'I'he river elevations sti..!died were 3£,0.5 1 390, a nd 4C0 feet above r:ean sE:a 

level. The results, presented in Figure 5: are the ;·:ic..::::-·os:::cpic c.Lrii..::..u: flow tir:es. 

Also shown in Fig·.1re 5 are the extremes of measm·ed and erpect.ed long-ter::l river 

stages (9 ). Fron ttese data the 380. 5 foot river staf;e was aele,~ted a .s the flow sys­

tem for the co-;rrple~e tin:e analysis. 

Questions have arisen on the effects of river banlc springs on tne travel time, 

and on how extensive spring developi:;ient will become du.ring long-term use of tile crib. 

Tue locations of the surface of seepage were obtained in the process of analog so-

lution of the bcEc.ary value problems. The effect of river st.age on the naxin·.81 

elevation of sprir..g appearance above the water level in the river is shown L"l 

Figure 6 . The res ·...:.lts ina.icate that springs will d2velop in tine; however, l ittle 

c o1: ce1·ic is warranted s ince pip ing will not ·oe a proolen in the ro:::1-:.s ar.d. gravel a-

lor.g the riverbank by 100-N area. 

Dil~tion Resulti~g Fron Flow Geocetry. 

The dilution of contaminants by the gro'.lild water flow system for the average 

diversion time to the crib is shown in Figure 7. The sq1.1are wave of cor.ta:::1ination 
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leav:ing the crfo bet-v1een t = 0 and t = 0. 34 7 is red"..;.ced to the m:ich lcwe:::- cancer.-

tration but longer bleed to the river cor-.::::enc ir:;s at ~ust W1d.er 12 ciays. T:le re-

duction :in peak river activity is fivefold as a result of flow geo::net::rJ. This 

reduction is almost twice the red1.1ction due to decay. 

The release re.te to the r:.ver 30 days after t ;.;.be diversion is ir:.sig:::'..ficant 

(Fig:rre 7); therefore, there will be no long-ter:-:i ccr.t i nuo'.ls addition of -::ontai;ii-

nants to the river, s:Lrice the expected r upture freq'..lency is one per mont:":. Tne 

same statement is true for the ma.x:i.r:r,n.:i dive:csion tir.1e of 0.694 day. In fact, the 

rupture frequency could be in both ce.ses as high as one everJ 20 days; a:-_:i still 
~~-

~ the nonsorbed radionuclicies frora the first r apt:..;.re would have entered the ri,;er 

and raoved downstream prior to t:'1e radionuclides fro• the following rupt ·c;.::e having 

reached the river.* 

IodL~e-131 Release To The River 

~ 131 
Tne decay or I . , when cot:lbined with dil ution from flow geometry, provides 

a predicted activity in the river as a ratio to the activity entering the soil at 

the crib. These results, as su::;r::iarized :in Table III, are shown in Figure 8 for 

the average and maxi.~"..Lm rupture diversion times. The pea_~ activities a.re redu~ed 

to 0.072 and 0.117 of the original values f or the average and maximum dive:?:"sion 

times, respectively. 

*This statement applies only to nonsorbed species. When ion exchange occurs, the 
,, 

frequency of rupture may have a significant effect due to the possibility of carry­

over from one rupture to the next. Hence there may be a gradual build-up :in river 

contamination with time. (See also footnote under previous topic, 1131 Activity 

Reduction By Decay And Flow System Geometry) . 
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