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IMeTASSIFIED ' HW-81306
ANALYSIS OF WASTE RELEASED BY SEEPAGE TO THE COLUMBIA
‘ RIVER FROM THE 1301-N CRIB
By

1/

R. William Nelsomr
INTRODUCTION

The 1301-N crib is designed to receive diverted primary coolant from
the N-Reactor when a fuel element fails. Information on the rate of re-
lease of fissicn products and concentrations in the Columbia River is needed
to evalual the long-term public 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‘applied to provide estimates of the long-term maximum activities
of T3 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 syétem
results.

SUMMARY
This report presents analysis of the effects that act to Teduce the

rate of contaminant entry to the Columbia River following diversion to the

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

of river contamination levels after long-term operation.

Y

HANFORD LABORATORIES, General Electric Cormpany, Richland, Washington.

Work performed under Contract No. AT(45-1)-1350 between General-Electric
Company and the U. S. Atomic Energy Commission.
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All the asvects of the ground water flow system vital to ccntaminaticn

analysis are brcugnt tcgether in the Basic Water Arrival-Tinme Distribution.

This distributiocn is a continuous function interrelating the arrival tims at
the river with the cumulative relative flux of water leaving the crib. The
functicn for the 1301-N crib has values of 11.78, 13.33 arnd 2L.03 days Zor cumu-
lative fluxes entering the river of 0.05, 50.0, and $5.0 percent respectively.
The dependence of cumulaetive fluxes entering the river upon time, when con-
bined with the rather short (less than 1 day) rupture discherge periods to the
crib, resulis in a sigrificant dilution of waste entering the river. For both
rupture diversicn periods assumed, 500 and 1000 minutes, the rupture frecuency
could be as often as cnce every 20 days and still nonscorbed isotopes from cre
diversion would have entered the river and moved dcwnsiream before radicnuclides
from the next rupture reach the river.

The decay of 1131, when combined with the diluticn from flow geometiry ef-
Tects, gives the time variation of riverbank activity as a ratio to the activity
entering the scil at the crib. These ratios are 0.072 and O.117 for the average

and maximum rupture diversion times, respectively.

GEITERAL CONSIDERATIONS

The reactor effluents going to the erib will include a water purity bleed,
a continuous coolant-monitoring bleed, and individual tube diversion during
ruptures. The tube rupture diversion contributes fhe éctivity to the river
through seepage from the crib. In the analysis to follow, not only peak activity
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tc the crib but also the duraticn and frequency of rupture occurrence is impor-
tant. CShert infrequent rupture pericds, even thcugh of nigh activiiy, may yield
rather low concentrations of contaminants in the river. However, ruptures in-
volvirng mwuch lower activity but cccurring more frequently end Zcr lorger tericds

. could rrodice higher river activities. Hence, the duraticnr and frzouverncy cf rup
tures are importeant.

The ex; ‘:ted average time of diversicn tc tre 1201-W crib during a Tuel

-

(B2

. . (10
element failure { ).

5 500 minutes (0.347 dzy)with a freguercy of once pe

3

nonth

=~
el

The rexinam rupture diversicn time is estimated at 1000 ninutes (C.CSL day).

From these data will come the average and werst pcessible release rates of con-
tamiraticn to the river.

Crib Utility

Seepage from a crib is an erffective aad eccnomical way to handle rather
high but short-tern activity pealis associated with fuel element failures. The
beneficial reduction in river contamination 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,land 3) decay time provided by any delay
due to ion exchange.

Itens 2 and 3 are well recognized. By contrast, item 1 is seldom considered,
yet it is always present ard provides a signiiZcant reduction in peak river concen-
trations. In fact it is the starting point fcr introducing both decay and, if
present, ion exchange.

Item 1, the time variation due to flow geometry, results in a slow extended
bleed of waste to the river. The slow bleed rate is a result of varying velocities
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along ground water flcw paths of different lengths. In other wcrds, thes con-
tamination fellcwing the sheriest flov path enters and is swept downriver long
before the waste following a longer path reaches the river. Depending uzcn the
flow system, the net eifect 1s three-tc a hundredfold reducticn in peail zctivity
entering the river. Decay and Icn exchange must be superizpcsed on thiz tite
variation from ficw geometry. |

The three independent effectis (flcw gecrmetry, decay axd scrption) éiminish

the peal: activity erntering the river frow the crib. Each effect when rresent

I

nust ve analyzed a:xd then combired with the others to enable predicticn ¢ the
activity distributioz in the river. The analysis includes four general sters:
1. Describe the ground water flow system (1301-N crib) as a well
posed bcundary value problem, and sclve that problem for the
ground water potential and flow paths.
2. Carry out a macroscopic flow time analysis along paths of flow
and aprrcoriately intrcduce hydrodynamic dispersion to obtain

the Basic Water Arrival Time Distribution.

3. Use the basic water arrival time distribution and the time of
waste inflcw to the crib to obtain the reduction in river ccn-
e . s R
taminaticn as a function of time .
i . 131 . . ;
L. Introduce radiocactive decay (I considered here) using the
time and reduction distribution in Step 3 to determine the ac-

v

tivity entering the river as a function of time.

"If ion exchange recuires analysis, an additional step between Items 2 and 3

is needed.
UNCLASSIFIED
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These steps will be considered ccnsecutively in detail. At the same tinze

131
usable results are provided for estimat: I 3 activities in ithe rivsr frcno
the 1301-N crib. Those interested primarily in conclusions may prcceed direct-
ly to the P~~—1ts section since the intervenirg tcpics describing the =ethed

can be omitted with a minimuz loss in continuity.

1300.-W.CRIB FLOW Svemmy

The 1301-N crib is lcocated on the banl bluff scme 60 feet above and 860
feet back from the Columbia River. Coolant erfluent from the reacior cver-
spills the crib entrance trougnh and spreads cut into the three feet of botton
area (125 feet by 290 feet) filled with large sicnes. The water level in the
crib will be maintained below the surface of the stones through pond seepage
and occasional cverflow into the crib extension trencn. The time for mcvement
along the crib lergth, into the trench, and then by seepage into the river 1s
longer than by direct seepage from near the crib inlet to the river. Thnerefore,
the first effluent to enter the river will move along a vertical plane extend-
ing perpenaicularly back frcm the river, and passing through the crib near the
entrance box. In this vertical plane; appropriate boundary value prctlems are

cansidered.

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 of the
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. travel time. For instance, ultimate steady-flcw systems were usea, although in
reality only arter several years of crib operation will trese conditions be ap-
proached. Similarly, two-dimensionzl saturated flow systems, which are used
throughout, predict shorter travel times than actually occur in the true three-
dirensional Tlow system.

River fluctuetians, which occur both seasorally and yearly, change the

i energy available fcr ground water flow and therevy alter the travel time distri-

s

e . . - . N > - — N
E _ bution. Accordingly, three river boundary elevations, 400, 390, and 3860.5 feet,
£k

o, E . . - N . N -

Sy were studiled . The lowest river stage twundary value prcblem gives the short-

est minimum travel time, so it is the one considered in detail here.

In the scluticn of the crib flcw system there are two boundary conditions
that are particularly difficult to handle: the free surface (water table) and the
surface of seepage (riverbank springs); Both of these boundaries. arised from hav-
ing a gravity compornent included in the ground 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 conductance paper electrical enalogs were used to solve the several
boundary value problems(3). The free surrace 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 measurement
of the current inflows and outflows on the conductance model enabled setting up
the second boundary value préblem to obtain the streamfunction.

UNCLASSTIFIED
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The streamitinction boundary wvelue prcolem was then sclved by a new con-
ductance analog and the streamlines plotted. The traditional flow net for the

system was obtained by tracing the streamlines and equipotentials on an cverlay.

The flow net (Figure 1) is the basis for the time aralysis to fcllow.

USE OF ZLCW GECHETRY FCR THE ANALYSIS

Flcw time is obtained frcm the flow system results by combining the ve-
locity variations with the pata length. ZEach flcw path has a uniguely differ-
ent flow time. Accordingly, the Tinal time distributicn sougnt is the aggregate
cf all individual flow times. This final distrivution of time can be found from
the flow net results through use of the appropriate expressions that follow.

Equations For Flow Tine

The basic equations needed (from soil fluid mechanics) as a starting point
are adequately discussed elsewhere '~ , so tney will only be noted here. The
effective pore velocity is from Darcy's Law and the porosity:

V=-Kgradg (1)
P
and the system cf ordirary differential eguations describing a streamline are:
dx _ dy . dz

09 3¢ o9 (2)
ox oy dz

Where: V is the effective macroscopic pore velocity vector,
K 1is the hydraulic conductivity of the soil,

P is the effective porosity,

UNCLASSIFI™N
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_p e s . . .
P = + 2z 15 the Yydraulic head, potential or potential Turction,
P8 .
X, ¥, z are the Cartesian coordinate directicns with 2z oriented paral-
lel with the earth's gravitational field,
P 1is the pressure,

P 1s the mass density, and

g€ 1is the gravitaticrnal scalar.

. Let the differential length of flow path be ds; then, in terms of ccmpcnents,
2 2 2 2
(ds)” = (ax)” + (ay)” + (az) or,

ds = t(’\/li-(%) 2+ (%yz—)z )dx 5 (3)

but since ds is along a streamline defined by Eguation (2), then upon rearrang-

ing the later equation and substituting into (3),

2 2
3¢ 3¢
as = =+ | [f1+0%Y . )02 ax. (%)
% D
ox 3%

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

o e
aTt

(5)

where T 1s time. Rearranging Equation (S) gives

ar = E;i (6)

Equation (6) becomes, upen expanding Equation (1) and substituting in Equations

UNCLASSIFIED
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26 20
1l + 32 + aZ
QP o

1+

41 = dx, (7)

E 28x 2 3x 2
S BRI I

ard upon integrating and rejecting negative terms, the expression for travel

tine, T, is 4 — —_—
. max .a_¢C §2C
1+ 9 2
3¢ 30
P OX dxK dx. (8)
T = = 3¢ € + od¢ 2+ 3¢ 2
. x 3y 3z
%5
The evaluation of the integral must be carried out along a streamline. The

parameter X5 is the value of x where the particular streamline leaves the
crib, and X, 1s the x coordinate of the point of emergence at the river.

Equation {8) is the precise definition 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 st ition with suf-
ficient accuracy.is needed to use in place of Egquation (8). This is obtained by
replacing dx with its approximate difference equivalent,

A= ax, (9)

and by always orienting the coordinate system along the streamline such

that
22 . o, (10)
oy
and, _aag - 0. (11)
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Further, let the difference appreximation be

°¢ - L9 (12)
3x A

where A9 is the potential difference along the streamline in the short distance A .

Then using Equations (9) through (12), and replacing the integral by the approxi-

1 i=N
maetion sum: o

T, = 2 ) [A (13)
s Equation (13) enables getting the travel time by dividing the streamline into
ed many short increments, each A long, and reccrding Ap from the flow net; or for
g@é better accuracy by measuring Ap electrically directly from the original analog.

Tr==1 Time Analysis for the 1301-N Crib

The travel time along each streamline, T, (the m 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 1

SUMMARY OF CALCULATED GROUND WATER TRAVEL TIMES FROM 1301-N CRIB TO RIVER

Low river stage - 380.5 ft.- Hydraulic conductivity (K) = 270 ft/day
Porcsity (P) - 0.3 .

Streamline Cumulative N Travel Time Streamline
Value Relative Flux (’( b 2) (Days) Length, L,
W (/o) L' agh (2t}
0 0.000 10,740 11.93 833
0.05 0.095 10,830 12.03 8Ls5
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 1%.60 960
0.40 0.760 14,300 15.89 997
0.42 0.800 14,870 16.52 1011
. 0.4k 0.836 15,690 17.43 1031
0.46 0.875 16,740 18.60 1052
'0.48 0.912 18,450 20.49 1080
0.50 0.950 21,170 24.08 111k
0.526 1 :

000 mmemem e ----
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Estimate of Hydrodymamic Disversicn

Up to this point the enalysis has considered only_macrOSCOpic or average
flow conditions in porous media. The microscopic aspects of flow or distributicn
about the average (macroscopic) exert only small effects on river arrival time.
These small effects (hydrodynamic dispersion) are nevertheless important encugh
to receive consideration here.

When two miscible fluids; originally separated by a shi  interface, mcve
through porous media, the mechanisms 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 estimated. This is possible
by considering only the lateral component of dispersion as a deviation in arrival
time, about the average or macrcscopic 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(z), or Ogata(Y) as written in earlier work(6)

are applicable. Ecuation (2&) in the earlier work(6), but converted to the

notation used here, is:

2

%I:i _ 2Mg(£{£)+ 11‘\/[(2M2(%;)+1) -l] (1)

where:
tm is the arrival time of any relative concentration, C/Co,

ﬁm is the macroscopic arrival time from the earlier analysis corre-

sponds to C/C, = 0.5, and
[e]
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a is the dispersity characteristic value fcr the soil,
(@ = 0.C2 ft. was used),
L s the m*D streamline length (see Table I),
M = erf (2 % - 1) is the inverse errcr function of (2 & - 1)

o Cs
C is the water ccncentration (best visuzlized as the concentration

1

of a perfect water tracer) at any tire, tm’ as the dispersed front

reachkes the river;and

CO is the concentraticn of the hypotheiical water tracer in the crib.
Using Equation (14) with the cclumn lengths fror Table I and an a of 0.02 fcot,
enables an estimate tc be made of the hydrcdyraric dispersion along each streamline.

The estimate must be inccrporsted into earlier results to get the Basic Water Ar-

rival-Time Distribution.

Figure 2 shows both the macroscopic and microscopic flow effects and is the
basis for determining the resultant combinaticn. The heavy center curve labeled
C/CO = 0.5 is a plot of the cumulative fracticnal flux, q/QO*, versus the arrival
time, Tm’ from Teble I. The flow length (Table I) associated with each T, was used
with successive values of C/CO** to obtain the family of curves on each side of the
central curve in Figure 2. The family of curves, a result of hydrodynamic dis-

persion, incorporates the micrc-aspects of flcw in porous media.

*

The variable q/QO is utilized rather than\*f. 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.

**The concentration term, C/CO, is used here to ccnveniently convey the idea that
different fractions of the water arrive at different times due to hydrodynamic

dispersion along a single streamline.

UNCLASSI™™ ™D
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Macroscopic Arrival
0.6 —

From Table ! \

}

CiCy = 0.3

C/Cg = 0.}

0.5~ Cic, = 0.025\/
cic, = 0.005\

Microscopic Arrival
Distr:bution (Eq. 14)

0.3

o \
a C/Cq = 0.995
o
3 CIC, = 0.975
fn

. 2
2 0.3} C/Cy=0.,9
o
°
< /
L
3 C/Cy = 0.7
a
3
5 CICY = 0.5 is q/Q,

0.2~
01—
Coumposite Effect
of Hydrodynamic
' Dispersion
! l ]
11,7 12,0 12,5

13.0 13.5 14.0
Water Travel Time in Days

Figure 2. Muacroccopic frrival-1ime Dictribution and Hydrodynomic Dicoerzion.
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The microscopic and macroscopic effects in Figure 2 must be. combined into a
single distributicrn. Tnis is acccmplished by obtaining the variaticn i c_/Qo with

concentration, C/Co,at a single tine. For example, a vertical line in Figure 2

I

representing 13.5 days intersects the C/Co 0.995 curve at a q/Q, of 0.4E€9. Simi-

larly, the i3.5 days intersecticn for C/Co

sections are: C/C, = 0.5, q/QO = 0.527; C/C_ = 0.1, q/Q, = 0.54k, etc. This distri-
bution is shown ﬁn igure 3 for a time equal to 13.5 days. The other curves shown
in the latter figure were obtaired similarly. The ccncentrations and cuzilative
flux rates in Figure 3 are ncrmally distributed about Q/QO, except for the shorter
times where severe truncation occurs. It is only in the truncated regicn where the
dispersion effects will be cf significance.

The combined effects of hydrocdynamic dispersion and flow gecmetry are obtained

by evaluating the integral:

(c/cy)
CRSCHEE

where: ( ) is the cumulative relative flux of water arriving at the
O/ ¢ . .
river at time t,

c is the meximum concentration associated with q/QO = 0,
Co [ max

t is the river errival time, and the other terms are as de-
fined earlier.
Equation (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.

UNICLASSTFIED
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1.0
t =24
- o N
P
—_ E—
0.9 - R _ -
\
t =17
0.8 i
- t = 15 Days
0,7 |—
—
0.6 p—
S Time (1) = 13,5 Days

q/Q, - Cumulative Relative Flux Rate

C/Cg - Hydrodynamic Disperson Distribution of Water

Figure 3. Variations of C/Cy with Cumulative Macroscopic Flux, o/Cy, for
Different Timece.
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TABLE 11

BASTC WATER ARRIVAL-TI4E DISTRISUTION

HW-31306

(Containing the combined effects cf hydrcdyraric dispersion
and flcw geometry for the 1301-N crikt)

Time (t) Total Cumvlative
: Relative Flux Rate
(days) ’Qo)t
.76 aeea-
1,78 0.00605
11.83 0.0050
11.90 0.016
11.94 0.03%
11.98 0.0861
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 0.6€5
15.89 0.760
16.52 0.798
17.43 0.836
18.60 0.874
20.49 0.912
24,08 0.950
----- 1.0C2

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

bution, which completely describes the time delay brought about by seepage

from the crib.
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USE OF THE BASIC WATER-TIME DISTRIBUTION

of the flow system on contamination entering the river. The distribution pre-
dicts the arrival and recession curves for contamirated coolant diverted dur-
ing a fuel element failure.

The basic arrival-time distribution for early times, shewn in Figure U4 as
the heavy curve lebeled Curve 1, is a plot of results from Table II. This curve
is the kcoundary between contamirnated water due to rupture diversion snd uncontami-
nated water which preceded the diversion. he region to the left of the curve
represents clean water; whereas, the regicn to the right represents ccrntaminated
water. Curve 2 was drawn by adding 0.347 day (the average rupture diversion peri-
od) to all of the times in Table II. This curve rspresents the reappearance of
uncontaminated water after the end of the diversion. Curve 2 alsc represents a
contamination boundary; however, this fime the regicn to the right is clean
water, and that to the left is contaminated water. The composite resuli, 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 tcial volume of contaminated liguid
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 time, t, the fraziion of
the ground water flow rate into the river, which is contaminazed, is the dif-
ference in ordinate values. Curve 3 of Figure 4 is the difference of cumulative
flow rates, or the fracticn of the steady flow rate (Qb)’ which at that time is
entering the river. Also, Q/QO is the effective dilution of contaminetiion,

caused by ground water flow geometry, from the crib to the river.

ULICLASSTFTED




|

m
/

/

-

17

"
1

K

fom

Mw
£
Fa e

¢

722

:Eﬂv’;

LN

0.44

0.40

0.36

0,32

- 0.28
]
@
Y
(34

E 0.24
[
[}
2
]

= 0.20
"
[}
2
&

3 0.16
E
3
O

0.12

0.08

0,04

0

Figure U.

-0~

HI1-81306

Time in Days Since Start of Rupture

Time Veriotion oo Contominoted Yater Mlus: into the River for

the Avercpe enc tiotimwn kusture Dizchurge

Period.

0.44
The Basic Water Arrival
Time Distribution
L — 0.40
(Curve 1) 4
[ Curve 2 T} 9.3
L 0,32
Curve 4
- — 0.28
- — 0.24
- — 0.20
Curve 5

Average Rupture Maximum

— Discharge —10.16
(500 Min.)
L — 0.12
Curve 3
Average
L —10.08
Maximum Rupture
Discharge Time

‘ 1000 Min. or 0.694 Days
L — 0.04
A, | | ! | | | 0

11.8 12.0 12.2 12.4 12.6 12.8 13.0 13.2

Q'/Qqy-Fraction of Flux Leaving Crib at Zero Time, Arriving at River




UNCLASSIFIED -21- EW-313C6

Curve 4 in Figure 4 is a replot orf the basic arrival-tire distributicn with
the zaximum rupture diversicn time of 0.0Gh4 day adisc ¢ each iize shocwn in
" Table Ii. The reletive release rate of contaminaticn to the river as a funciion

of time for the meximum diversion time is shown as Cuarve

\n
! e
b
)J
0
F
1))
foud
[
3
:

merical values oT Qf/Qﬁ for Curves 3 and 4 are tabulated in Tenle IIXI. There re-

mains only toc include decay for the Iljl and to cobtain the combined aciiviiy re-

Ei duction from decay and Tlow gecnetry dilution.
;xé I131 ACTIVITY REDJCTION BY DECAY AVD FLOW GECMETRY DILUTION

1

Everything tc this point nas considered tne water arrival-time distribuiicon

-

arisirg from flcw geometry, which acts effectively as diluticn cf the waste.

The effect of decey for any Tission product, which is not sor:ce

u
-
[WH
]
m
{0
w
'.l.
'.J
3
e
o
]

- cluded using the travel times from the flow system analysis¥; I'L3l is considered
in T=ble III. The ifracticnal ectivity, A/AO, is the product of the decay rs-
!
duction and the diiution, Q/QD, due to flow geometry. The fractional activity,
; s 4 ; 131 - . . . . N
when multiplied by the I activity leaving the crib, AO, gives the instantanecus

activity entering trhe river via crib seepage. The entire diszributicn is shown

graphicelly in the Results secZion.

*
Soil sorption, for exawple strontium and cesium, can be intrcduzed into the

analysis much the same as hydrodynamic disversion was incorpcratsd previocusly, if
the relationship between the water and ion travel-time distributions can be pre-

dicted. Cursory analysis indicates that very large reducticns in activities pay

be expected when there is sorptian.
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TAELE TII

FRACTION COF ACTIVITY LEAVIIIG THEE 1301-3 CRIZ WiXICE REACHES THE
RIVER AS A FUNLCTION OF TDME. FOR THE AVERAGE AID MAXI-
MUM RUPTURE DIVERSION TIMES

River Arrivel Rupture Niversion Time

Time Average (0.347 day) Meximum (0.69% day)
(Days) Decay Factor™ )/ A/A:* Decay Factor Q/Q, | A/A
11.80 0.3727 ¢.002 0.0007 0.3851 C.002 0.0008
11.90 0.3850 0.020 0.00T4 0.3C01 0.020 0.0076
11.95 0.3679 0.0k40 0.0147 0.3790 0.0kC 0.0152
12.00 0.36€2 0.070 0.0256 0.3770 0.07C 0.026k
12.05 0.3650 0.109 0.0356 0.3759 0.109 0.0:10
12.10 0.3625 0.144 0.0522 0.3742 0.1k4 0.0539
12.15 0.3619 0.170 0.0615 0.3723 0.174 0.08L8
12.20 0.3600 0.188 0.0677 0.3707 0.198 0.0738
12.25 0.3534 0.198 0.0710 0.3690 0.22¢ 0.0812
12.30 0.3570 0.200 0.0714 0.3679 0.242 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 0.35C6 0.143 0.0501 0.3619 0.316 0.114k
12.70 0.34L7 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 0.04k1
1L.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 0.0054 0.2671 C.0L6 0.0123
18.00 0.2181 0.011 0.0024 0.2250 0.022 0.0050
20.00 0.1839 0.007 0.0013 0.159L 0.01L 0.0027
22.00 0.1546 0.00k4 0.0006 0.1595 0.C09 0.C01k

Fe

. 3] . - . .
Tne zero time for Il«l decey was taken as the end of the rupture diversion

tine of 0.347 day.

*¥
The fraction of the initial activity reaching the river, A/Ao, is the product
of the decay and dilution flux rates for the ground water, Q/Qo.

*¥*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 resulis could be treated
similar to the way hydrodynamic dispersion was introduced in the earlier
section.
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RESULTS

-

1

The results c spec

T fic irportance for the 13C1-I0 crib evaluai:on include:
direct ground water flow system data, the flow-geometry dilution effects on aztiv-
: ; e " - L - 131 ; .

ity entry to the river, and the predicted reducticn of I release to the river by

cornined ground water dilution and deczy effecis.

Direct ™~y Systex Rssulis

Three of the conservative two-dimensionzl boundary wvalue problems were set

up to study the effects of river siage cn the travel tine along the shertest fiow

path. The river elevations studied were 300.5, 360, and LCO fzet above rean sea

B

1

level. The results, presented in Figure 5, are the mecroszcpic minimur Tlow tines.

Also shown in Figure 5 are the extremes of measured and expectad long-terz river

(9) \

stages . Fron trese data the 380.5 foot river stage was selested &s the flow sys-
tem for the compleie time analysis.
Questions have arisen on the effects of river vank springs on the travel time,

and on how extensive spring development will beccme during long-term use of the crib.
The locations of the surface of seepage were obtained in the process of aralog sc-
lution of the bouncery value problems. The effect of river stage on ths maxinuz
elevation of spring appearance above the water level in the river is shown in
Figure €. The results indicate that springs will develdp in time; however, little

o concern is warranted since piping will not be a prcolem in the ro:iis and gravel a-
long the riverbank by 100-N area.

Diluticn Resulting Fron Flow Geormetry.

The dilution of contaminants by the ground water flow system for the average

diversion time to the crib is shown in Figure 7. The sqguare wave of contazination

UNICLASSIFIED
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leaving the crio between t = O and t = 0.347 is reduced to the mich ;ower concen-
tration but longer bleed to the river commencirg at just under 12 days. The re-
duction in peak river activity is fivefold as a result of flow geometry. This
reduction is almost twice the reduction due to decay.

P

The release rate to the river 30 days after tube diversicn is insigrnificant
(Figure 7); therefore, there will te no long-term ccrniinuous addition of contami-
1 ts to the river, since the expected r ture freguency is one per moniz. The

same statement is true for the maximua diversion time of 0.694k day. In fact, the

rupture frequency could be in both cases as high as one every 20 days, a=d still

the nonsorbed radicnuclides from the first rupture would have entered the riwer

and noved downstream prior to trhe radionuclides from the following ruptixre having
- . . ¥*

reached the river.

Jodine-131 Release To The River

The decay of Il3l, when combined with dilution From flcw geometry, provides
& predicted activity in the river as a ratio to the activity entering the soil at
the crib. These results, as suzmarized in Table III, are shown in Figure 8 for
the average and maximum rupture diversion times. The peak activities are reduced
to 0.072 and 0.117 of the original values for the average and maximum diversion

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

contamination with 1e. (See also footnote under previous topic, 113l Activity

Reduction By Decay And Flow System Geometry).
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