
-

, ..

* '
..

) ? reject No. RM77-419 11.: IL4
: Oct. 77 CONSULTING ENGINED'S. INC.

I
i /615~

ed. e - 12 se
s-n '5

Volume 2-Appendices

Report 3
Environrnental Effects'

of Present & Proposeci;

ITaiiings Disposal Practices
:

I =

f Sp:it Rock Mill
! Jeffrey City, Wyomirig

]

f - .

1
, Western Nuclear, Inc. ''-"

i Denver, Colorado {g c/-

49jWr ,

ii

3

i; .w w -

~

'

g .



:

$.
I i.,

1

i

I

'

t
1 !

:
i !

.

3
i
t

v .

-
,

A

1
.

'4 APPENDIX Jj .

SENSITIVITY ANALYSIS OF DISPERSION PARAMETERS

.

,

v
e,4

kl

.

~$ .

.

,
,; ,
MI

M+
*il

,
-

.
.

...-.
54

M_ ,

*

!
?

M,c'
M. ,

>

,

*L).

)
1 i , l\W

() '/
'; JU

<u

i

| -- - _ . , . ,,,.= a



-

f

'
--

J-1

APPENDIX J

SENSITIVITY ANALYSIS OF DISPERSION PAPMETERS

The degree of spreading and mobility (dispersion) of any substance in a
porous media depends on the behavior of that specific substance and the
environment in which the dispersion is taking place. Factors that con-

trol dispersion phenomena are defined by parameters most of which are

empirical. These parameters can be grouped into three stegories:

Substance dependent such as decay constante

Media dependent such as intrinsic permeabilitye

Substance-environment dependent such as distri-o

bution coefficient
]
y' Most mass transport parameters are directly or indirectly in the third

For example fluid velocity is affected by the concentrationcategory.

and consequently, effects the dispersion; or the solution pHgradient

changes the distribution coef ficient. Important parameters which con-,

.

tribute to the migration of a substance are as follows:

I Fore velocity (fuartion of hydraulic gradient, -e
$
-d permeability , ef fective porosity)y

Dispersion coef''.cient (function of velocity,j e

4
h dispersivity)

Equilibrium constant (fuaction of distribution24
* *

|p coefficient, unit weight and porosity of the
LE porous media)
,

e Decay constant

i
-

The sensitivity of these parameters xcept decay constant) to the rate

of migration of a substance is analyzed by the dimensionless solution ofM
I one dimensional dispersion.

, .

. , .

Mm
The equation for a one dimensional ion exchange column is as follcus

1976 D :
T (Lapidus and Amundsen [Duguid and Reeves,

,

T
A 52\ 7"p r,
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j where

,, ,

D = Longitudinal dispersica ccefficient [L'/t] .

) V = Pore velocit.y ' -Gh/n [L/t]
K = Permeabilitf (L/t]'"

tih = '21ezcmetric head dif ference [L]-

3.7
4A

n = Ef fectivo porosity
e
C = Concentrar. ion of a chemical species [M/L ]*

#.
= Adsorption equilibrium constant or retardation'

factor (nondimensional]
= Time [t]

3 3 to z and t.p, p = Partial derivatives with respect
.

?
Equation (1) can be written as#

,

4
Su

b 3C * 9 * 3C,

't 32 ~ E
3 z .(

2 where
4
3 * *

! D = D/R and V = V/Rd
19
R

With the following initial and boundary conditions

>0C(0,t) = C ; t -
o

g

2 C(z,01 = 0 , z > 0

~ t(=,t) = 0 ; t 0 -

.

_

h The solution of Equation (1) yields

:f
* ':n.,_
. -

* * * 7,

4 Vz z + Vt
, ,

i C 1' z-Vt
-=;| erfe + exp - erf: (4-)
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El The dimensionless parameters (, n are defined as

*
Vt V*

* ( = Vt
;.

~I # ^* # * 'E'-=
' '' R "~ '

d tion process]

*
* D D

'

0 * vz (6)
Vz

Substituting (, a into Equation (4) yields

e-
P

,'+ exp (1/q) erfc (7)C 1 1-E 1+E
5 erfc-=
'

3
(q 2) (qo 2

Equation (7) is used to obtain the dimensionlesa oncentration with re-

| spect to differe". E and a values. The calcula .d concentrations are

plotted versus ( on a semilog paper for dif ferent n values as shown in
Figure J-2. Two major observations made from this figure are:

1. The shape of the concentration curve is inde-

f pendent of C and is a function of a only.
'

Where a decreases, the slope of the curve
'

(measured at C/C, = 0.5) increases. As a
approaches zero, t!.a slope of the curve

approaches 90 degrees. Another observa-
tion is tt at the larger a value covers

*1 more ranges of C.

p 2. Regardless of the n value (except for n >0.02)
M;, _ .

. at & equal to one, the dl=ensionless concen-

tration is 0.5.

.-

( The specitic conclusic.ns made from above observations are as follows:
'r..

1. The dissolved substance will spread more at a larger>

I

a than smaller one. For example, at ( = 0.7, the

!' concentration is 0.06 and 0.16 for a equal to

i .e-~

r, , 30.7
-

,
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0.025 and J.05, respectively. Bet as o decreaseset

1 the concentration difference of two curve also
t decreases. This implies at very small a, say
,

I less than 0.01, the concer.tration curve will
:. not substantially change. In other words, the

shape of the spreading becones independent of

a when n is less than 0.01.
.

!

Accepting the linear relationship between dis-
persion coefficient and velocity vectors, i.e.,

D = a V. the dimensionless a value can be
7 7

written as:
| /a= 1*

| This equation states that n is a function of
f
M longitudinal dispersivity and diatance and al-
1
i'

most independent of velocity. It can be con-

I cluded that shape of spreading is controlled
,_

strongly by longitadinal dispersivity and dis--

tance from the source. It is also noted that *

the concentration is 0.5 at E = 1 regardless

of the value n.

I 2. Figure J-2 shows that generally the change of

$ concentration stares at ( greater than 0.1 and
n
' ' beyond & = 2 the concentration al:nost attains

;g its source value. To assure a contaminant
,na will not reach a pot' . , the value of ( should.

~

be less than 0.1. Examination of parameters"

4
A which constituce C, reveals that velocity and
1

I time increase E, while the equilibrium constant
e and distance decrease its value. This impliesy

that those four parameters have ident cal et'fect
f

i

% in mig:ation or =itigation of any substances
b
! (e.g. , radionuclide) .
*

W
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The follcwis conclusions are derived from the above discussions:
.

a. For nonadsorbing dissolved tracers (materials

present in very low dissolved concentrations),
~

s'ach as sulfate, or fluoride, where Rd" '

the major controlling factor is the hydrogeo-;
>

,

logical parameter, i.e., movement of material
y

can be retarded by reducing velocity,

b. For all adsorbing substances velocity vectors

| and ecuilibrium constants are major factors.

Typical values of distribution coefficients

;| and equilibrium constants at dif ferent pH

values for a few radionuclides are given in

| Table J-1. The equilf *arit, .onstant for

each ele =ent is dif ferent and increases with

; - increasing pH. To control migratf r . ot

{, radionuclides not only the flow regime s~.iould

[. be controlled, but it is more important that
'
z the pH of r% t. '.er be maintained in the -

5 higher pH required, e.g. pH = 6 or above.
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TABLE J.1
#

DISTRIBUTION COEFFICIENTS AND DECAY CONSTANTS
USED IN COMPUTER MODELING OF CllEMICAL DISPERSION

!

I

DISTRIBUTION DECAY CONSTANTE 1.I RI
| ELEMENT pH COEFFICIENT A (montS-l)CONSTANTK (*1/8)d R,9
e

2.0 0(2) 1s

4.5 25(2) 95^* St ble i0 5.75 200(3) 755
7.0 300(2) 1,135

2.0 100(2) 380

U-238(5)
4.5 200(2) 735 _11

l' * .O5.75 1,000(3) 3,780 ',

7.0 2,000(2) 7,560

2.0 16( ) 60
4.5 5,000(3) 18,900 -

i Th-230 7.2 x 105.75 10,000(3) 37,800'

7.0 15,000(4) 56,710
g

2.0 0(2) 1 .

Ra-226 3.6 x 10"
5

7.0 100(4) 380

2.0 20(2) 75
4 -

100f2Pb-210(5) 380 ~3
2.8 x 10

5./5 1,500 5,670
W 7.0 4,000(2) 15 120,h

2.0 0(3) 1

Po-2,10 1. x 10
, .5 1 45

|
7.0 25( ) 95

'

'D
NOTES:

(
From Lederer, et al., 1967.

E,

(2)lh termined for site sediments. C, o 1 /1*
,J| 1 - i

Estimated.
E

(4) Estimated from literature.4

( Determir.ation made from total uranium and lead assumed
'

3 equal to K f U-238 or Pb-210.
dA

+
4
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