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Figure 1-2. Hanford e, Washington, and Major Structural
and ographic Features.
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Hanford formation lithofacies CB diments are interpreted as mixtu
of main flood channel deposits or lags in the 300 Area and as proximal,
boulder-rich deposits shed off bedrock highs such as found near Umtant Ri |e
(Lindsey 1991 . The parallelism between the ¢ )ngate deposit trends and
coarse-grained, open-framework character of the CB and G lithofacies supports
a similar interpretation for both 1it Facies.
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Figure 3-1. Location map of the 300 Area and Borehole Locations.
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Figure 3-2. Scatte jrams of XRF Data from Glaciofluvial,

Upper, and r Ringold Formation Strata.
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Figure 3-2. Scatter Di:¢ -ams of XRF Data from Glaciofluvial,
Upper, and owev Ringold Formation Strata.
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Figure 3-2. Scatte jrams of XRF Data from Glaciofluvial,
Upper, and r Ringold Formation Strata.
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Figure 4-1. Contoured Tenpach Map for Gravel Hydrofacies Bodies
in 2 300 Area (Main).
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Figure 4-3. Contoure I ach Map for Gravel Hydrofacies Bodies
in the 3  Area (Accessory #2).
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Figure 4-5. Conto | Isopach Map for Sand Hydrofacies
in the ) Area (Access ‘y #1).
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Figure 4-7. Contoured Isopach Map for Mud/Silt
Hydrofac 2s in the 300 Area (Accessory #1).
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jrofacies Maps/Grids.
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Hanford 300 Area Model |

Figure 5-1.
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(Sheet 5 of 5)

Hanford 300 Are Model Hydrofacies Maps/Grids.

Figure 5-1.
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Piper (1939) determined ¢ :wcific retention by two distinct methods which
he termed: (1) volumetric anal :is, and (2) specific retention. Piper corre-
lated specific retention and gr n size data from the 16 samples of undis-
turbed sediment, and using equi on 3 correlated mean grain size to specific
yield. Piper noted that a set ' only 16 samples was not statistically
significant. In spite of this, he still surmised that sediment samples with
low standard deviations tended to have I jher specific yields than samples
with higher standard deviations.

The California Water R ; Board (CWRB) (1957) utilized well log
records to estimate the spec yield of unconfined aquifers in an effort to
evaluate ground-water resour Before ground water resources could be

evaluated, correlations between the grain size distributions a [ specific
yield, and between geologic g documentation and grain size distributions
were established. The grain size parameter GS10 was chosen as a repre-

sentative grain size. Corre ns from grain size distributions indicated
the median grain size was . | mately 1 f unit smaller than GS10. This
correlation allowed the use ! isting geologic logs (which generally listed
the median grain size) for e ting GS10.
REFERENCES
CWRB, 1957, Determination of ific Yield and Storage Capacity, California
Water Rights Board, Sp Report #2.
_Eckis, R., 1934, Geology and nd Water Storage Capacity of Valley Fill,
California Division of r Resources Bulletin, Vol. 45, p. 91-246.
Folk, R. L., 1954, The Disti. n Between Grain Size and Mineral Composition
in Sedimentary-Rock No 'ature, Journal of Geology, Vol. 62,
p. 344-359.

Hazen, 1910, "Discussion of s on Sand Formations", in Transactions of the
American Society of Civil Engineers, Vol. 73, p. 199-221.

Masch, F. D., and K. J. Denn 66, "Grain Size Distr ution and Its Effect
on the Permeability of nsolidated Sands" in Water Resources
Research, Vol. 2, No. . 665-672.

McKee, 1979

Piper, A. M., H. S. Gale, omas, and T. W. Rodinson, 1939, Geology
and Groundwater Hydrolc the Mokelumne Area, California, U.S.
Geological survey Water ly Paper 780, p. 101-121.
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ATTACHMENT

This attachment presents a copy of a permeability theory provided by
C. R. McKee, Associate Professor in Department of Civil Engineering, at the
University of Wyoming.
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2. PERMEABILITY TEECRY

To better understand the we2ning of permeabiliety, we begin
with Darcy'’s law for flow of groundwater im 2a zquifer. The
equation is

Q=~T 2" ™ (2.1)

*2 7%
where § is the flow througn an area element 1 ft wide znd a depth
equzl to tha thickness of the aquifer. The flew is in units of
volume/unit width/wir tima, while h is the hesd zod T is the
transmissivity of the zquifer. A minus sign is usad im eq 2.1
since the flow is oppesite to the direction of kezd increase.

Transmissivity is given by -

=
i
&

(2.2)

where b is the zquifer thickaess and K the hydraulic comductivity
koe .
¥ = 2% (2.3)

In this equation k is permezbiliry,p £luid density, g acceleration

of gravity, end u is the flui viscosity. Unlike tramsmissivity

and hydraulic conductivity, parmezbility is theoretically 2 =medium

property zod independeat of the fluid er agnifer thicknass. To

2 large exteat, permeability can uwsuzlly be regarded as a2 forma-
tion property. A major exception to this rule ocecurs whan part-
icles such 2s elay are stroangly affected by the chemical proper-

ties of a particular fluid flowing through the sample.

When clays are not 2z waj  factor, permeability can be conm-
puted from a knowledge of the size distribution of the grains znd
porosity of the sample. Suech a calculation zssumes that the for-
mation is uvnconsolidated with no cementation of graims, and thaﬁ
the various sizes are homogeneously mixed. Treatment of clays

and other particles less than 1 micron in diamerer is discussed

below. WHC-EP-0500
Attachment
Page 2 of 8
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The derivarion begins with the formula for average fluid
velocity v, and head loss in a pipe (Bird, Stewart, Lightfoot
p- 197)

2
< h,— h

- - R pg £ Q .
v on 7 (2.5)

where £ is the szmple length, and R the hydraulic radius of the

conduicr defined =s

R = cross—section available for flow (2.5)
B wetted parimeter of pipe - )

i

For a circular pipe, the hydraulic radius is 2¢ the zetual pipe

radius. The constant ¢ in eq. 2.4 bas the value c for pipes of

circular cross—-section. It is one of the strangths of the hyd-
raulic radius comcept t T the coustant ¢ does not change apprec-

iably for chamnels of different shapes (seze table 2.1).

Table 2.1 Vazlues of ¢ for viscous flew in various cross—
sectional shapes (after Carmen).

Shape c
1. ecircle 2.00
2., ellipse, semi-zxes 2,b: :
i) a=172b 2.13
(ii) a = 10b 2.45
3. sguare 1.78
4. rectangles, sides a2,b:
(i) a=2b 1.94
: (ii) a2 = 10b 2.65
5. parallel slit (fracture) 3.00
6. equilateral triangle 1.67
7. annuli in pipes with concentric cores 2.0-3.0 -

8. annuli in pipes with eccentric cores,
radii al and a,:
(i) e < 0.7 1.7-3.
(ii) e » 0.7 1.2-2.
‘@ = eccentricity = b/(a1 -2 )
b = distance between centefs

C
0

1f shapes other tham circular were choosen, the factor c¢ would
WHC-EP-0500
Attachment
Page 3 of 8
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change slightly. Even cases 7 2ad 8 {(charnels with cores) corres-
ponding to partial plugging of channels with grains, does not modi-

fy ¢ greatlyX However,as shos beiow, mean grain diameter and por—

osity caa change significantly thus acgounting for differences in

permeability of various wedia.

Obviously it would be very difficult or Iimpossible to measure
the cross-—sectional z2res and wetted perimeters of the highly irreg-
ular pore geometry. Instead the hydrautic radius will be related

—. - ——

to the disgribution of grain sizes -- 2 quantity which can be dir-

St SuAlaer Soait  y0ieme oL S
AR .

ectly measured. This is acce: lished by mulriplying the numer-

ator znd denominator of eq. 2.5 by the length of & channel to

obtain

R =

volume available for flow . .
: (2.6)
total werted surface .

Dividing numerator asd derominator of eq. 2.6 by the total samplgf

voluze (grains and voids) gives -
Y oeflogie vid :
Luerduse vid ¢ ;
."lfd\t.u':' - R = =~ : (2.7

. U

where ¢ is the porosity defined as (void volume)/(sample volume),
and § is the specific surface area wetted surface)/CSample voluze).
If 2 unit valugé is considered, thenm grains occupy a volume equal

to (1 -¢), and the specific surface/unit volume of grains is then
ek T
g 7 A volawe
S (1 - Lé) f:‘"-‘;'- V"‘\v\r‘-

S (2-8)

The reason for using Sg is th: it can be related to grain size.

For uniformly sized'spherical paritcles we have

Grrl. 6
L ._s?--_f" - = (2.9)
et v &pgd m
¥ o cda, olun s,

where d  is the grein diameter. If grains of the same size are

- ~ - WHC-EP-0500
Attachment
Page 4 of 8
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not spherical, then 2 chzpe factor, a, must be introduced as fol-

lovws

§ = — ' €2.10)

to a2ccount for particle zsymnetry. Tzble 2.2 gives valuas of the

shape factor far variecus materizls.

Table 2.2 Valuves of the particle shape factor from Carmen

Material Shape Factor (2

spheres 1.00
Ottawa sand, nezr] spharical 0.95
sand, rounded ) . 0.83
sand, average for wvarious types ‘ 0.75
..3and, engular . 0.73
puiverized glass 0.73
flint sand, jagged Q.66
natural cozl dust, less than 3/8 in. 0.65
Wilcox sand, jagged : 0.63
flint sand, jagged flakes 0.43
N mica filakes 0.28

To arrive at a mea grain diazeter when 2 distribution of sizes

is present we begin wit the definition of spacific surfzce aras

as
s « total surface area of grafms _ Tma.diat” (2.11)
g total v¢ ma of grains . It Trnid;.:z.",’. : .

1
The symbol I is 3 summatiocn sign and indicates that we are to add
the surface zreas (nuserators) and graia volumes (demominators)
separately for each graia size group a2nd then perform the division
to cobtain the specific surface ares with respact to grains (Sg).

In equation 2.11, n,

i is the number of grains with diamerer d;.

W .-EP-0500
Attachment
Page 5 of 8
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To avoid counting the number of grains within each size g-oup,
we convert eq. 2.1l to weight fractions by multiplying aumerator
and denominator by the grain dansity pg. The denominater then

becomes the total sample weight, and eq. 2.11 after multiplying

aand dividing the numerator by Gdia yields
Vi ol
= — =5 1
Sg 6 iz - Hun (2.12)

The aumerator Wy is the weight frzctiom of the sample with
dizmeter di' Substituting aq. 2.12 into eq. 2.9, the mean grain
diameter is obtained ia terms of aa equivalent mixture of spher~

ical partiecles zs

4= 2 (2.13)
Lo 5 .
- d.

1

Substituting equations 2.7, 2.8, and 2.2 iato eq. 2.4 yields

i d%s3pg : h,~ h
q = ¢év -~ - = — t o , (2.14)
| 36en(@-9)?T| 2

[
e e e

where q is the volumetric flow/umit ares/umir time. Velogity has

been muitiplied by porosity since it is the average flow over the

entire cross-section of thae ¢ 'e which is usually measurad instead

of flow with respect to the cross-sectional area of the pore space.

. A tortuosity factor has also been iacluded in the denominator ef

the right hand side of ea. 2. 4. Tortuosity T, is defined as.
2

[%ctual length travele%]

sample length = £ (2.15)

Tortuasity accounts for the fact that the fluid deces not travel in
a straight line through the sazple. Instead it is constantly

deflected by the grains sueh hat 3 "tortuous” pach results.

W -EP-0500
Attachment
Page 6 of 8
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The square of the path ratio ocecurz in =q. 2.15 for two rcasons.
First, since the chaanel length is longer than the direct sample
length £, it has the effect of reducing the hydraulic graéieat

in eq. 2.14. Secondly, while velocity in a given chamnnel may be
constant, the fluid's rate of migration in the direction £ is re-
duced. This is due to the beanding of the fluid's path at varyiug
angies with respect ro the direction & as it traverses the sample.
The tortuocsity factor must therefore always be greater than or

equal tu one.

The coefficient of the difference in head in eq 2.14 is the
hydraulie conductivity.  From the relation (eq. 2.3) for hydraclic
conductivity the permezability froz eq 2.14 can be obtained as

243 f

ks —— (2.16)
36eT(1-4)2

e,

It now rexzains to choose suitable values for the comstants in eq.
2.16. Experimental datz suggests that T lies betwsen 2 and 2.5
for unconsolidated media, while ¢ from table 2.1 may vary from

1.7 to 3.0.

For artificial mixtures in large packed columns, a value of
150 for 36eT yorks best. This value is suggested by Ergun (see
Bird, éﬁééart, Lightfoot ﬁ. 200), and is in agreement with my
experiments on laxge columms and particles at Livermore Labs.
For finer industrial wders a value of 180 is recommended by
Carmen. The examples I will pressat inm sactiom 3 are best fitted
. if 36cT is assigned the value 270, which is at the upper range of
possible values for T z2nd ¢ (values of T were measured on artific-
ial samples and are probably larger for nztural materials). For
the natural samples in sect. 3, the mean grain dizzeter and range
of sizes is considerably differant than the artificial mixtures in

packed colurmns., For patural waterials the trend is toward larger

‘ - " WHC- EP- 6500
. - Attachment
e ; Page 7 of 8
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values of the constants 25 the mezn grain diazaters become smaller
and the spread of grain sizes greater. As Smaller grzins £ill the
spaces between larxger grains, he tendency will be for iortuosity
to increase and for chznnel geometry to correspond more closely to
the cases of channel pluggzing w h low eccentriciry (¢ + 3 and
possibly higher wvalues in table 2.1). While a wvalue of 270 for
36cT fits the exzmples in sect. 3 quite well, the reader should
expect it vary from one fermation to another. It is therefore
advisazble to determine its value indirectly from permeability mea—
surements using eq. 2.1l4, porosity, and mean graln diameter by .

eq. 2.13, on a few select corxes from the formation of interest.

~
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