
Table B-1 (page 1 of 2)
WITHDRAWALS FROM THE MINNESOTA SPENDING CYCLE

b c d e
Savings and

g

Federal State Net Social Out of
a f

Income Income Income Property Security Sales and Total State Total With-
Category Taxes (t) Taxes (t) Taxes (%) Payments (t) Use Taxes Taxes (%) Purchases (%) drawa1s (%)

5,000-5,999 4.7 1.0 1.9 6.7 3.4 17.7 12.3 30.0
6,000-6,999 5.6 1.4 1.9 6.7 3.4 19.0 12.3 31.3
7,000-7,999 6.3 1.9 1.9 6.7 3.4 20.2 12.3 32.5
8,000-8,999 7.1 2.3 1.9 6.7 3.4 21.4 12.3 33.7
9,000-9,999 7.8 2.7 1.9 6.7 3.4 22.5 12.3 34.8

10,000-10,999 8.5 3.0 2.0 6.7 3.4 23.6 12.3 35.9
11,000-11,999 9.2 3.4 2.1 6.7 3.3 24.7 12.3 37.0
12,000-12,999 9.7 3.6 2.1 6.7 3.3 25.4 12.3 37.7
13,000-13,999 10.2 3.8 2.1 6.7 3.2 26.0 12.3 38.3
14,000-14,999 10.6 3.9 2.1 6.7 3.2 26.5 12.3 38.8

15,000-19,999 11.5 4.3 2.1 6.7 3.2 27.8 11.5 39.3
20,000-29,999 13.0 4.9 2.6 6.7 3.2 30.4 13.0 43.4
30,000-39,000 15.2 5.4 3.1 6.6 3.2 33.5 16.3 49.8
40,000-49,000 17.7 5.7 3.5 5.2 3.2 35.3 18.6 53.9
50,000-99,999 22.0 6.2 4.1 3.1 3.0 38.4 24.9 63.3
Over 99,999 31.2 6.7 8.2 2.0 2.7 46.7 24.9 71.6

h i
3.2

j
All Taxpayers 14.8 5.8 2.4 8.2 34.4 13.0 47.4

~rackets are set according to Minnesota gross income, as reported on state tax returns. Income categories 0-4,999 have been omitted from
the table. These low income groups are likely to be strongly influenced by retirees, students, and other groups with access to untaxed
sources of income. For these groups, Minnesota gross income is a serious under representation of actual spending power, and apparent tax
rates are, therefore, distorted. These groups have been included in the "all taxpayer" figures reported at the bottom of the table.

bsource: Federal income tax deductions from 1981 Minnesota Individual Tax Returns. Obtained from State of Minnesota, Department of
Revenue, "1981 Minnesota State Individual Income Tax," Bulletin No. 58 (1983).

c Ibid•

dsource: State of Minnesota, Commissioner of Revenue, "1981 Property Tax Relief for Minnesotans," Bulletin No. 14 (1983). Note that the
values listed are those applying after the Minnesota "Circuit Breaker," or property tax refund. Raw property tax values are considerably
higher and considerably less progressive.



Table B-3
NONTAX WITHDRAWALS

Values for Homestake Mine (1974)a Predicted Values for Koch

b c
Savings Plus Comparable Predicted

Income OUt-of-State Income Nontax
Grou£..- Spending Group Withdrawals

o - 7,999 12.3 15,800 12.3
8 - 8,999 10.8 17,800 10.8
9 - 9,999 11,3 19,800 11.3

10 - 10,999 11.3 21,800 11.3
11 - 11,999 14.2 23,800 14.2
12 - 12,999 12.2 25,800 12.2
13 - 13,000 11.7 27,700 11.7
14 - 14,999 15.6 29,700 15.6
15 - 19,999 16.9 39,600 16.9
20 - 24,999 20.3 49,500 20.3
25 and over 24.9 50 and over 24.9

Average 13.0 13.0

aSource: J.W. Johnson and L.A. Poth, "Regional Impact via Multiplier Analysis of Primary Industries: A Case of Study (Homestake Mining
Company, Lead, South Dakota), University of South Dakota, Business Research Bureau, Bulletin No. 109 (1974).

bJohnson and Poth calculated multipliers for various income categories. Their data, however, failed to take taxes into account, thereby
considering only withdrawals due to savings and out-of-state spending. These values can, therefore, be obtained by using their multiplier
values to solve the multiplier equation for w, the rate of withdrawals.

c
Obtained by using a price index of 198. This was obtained from the Survey of Current Business. The third quarter 1984 price index is
222.31, using 1972 dollars as base. Implicit price deflators for 1974 and 1972 are 163.61 and 145.88, respectively (using 1958 dollars as
base). A 1966 to 1984 price index is, therefore:

163.61
22.31 x ----- = 198

145.88
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Table B-2
COMPUTATION OF SALES TAX INCIDENCE

a
Predicted Values for Minnesota (1984)Values for Washington (l966)

b c d
Income Effective Comparable Effective
Group Tax Income Tax
(AGI) Rate Group Rate

$ 3,000 2.2% $ 8,550 3.4
5,000 2.1 14,250 3.2
7,000 2.1 19.950 3.2
9,000 2.1 25,650 3.2

12,000 2.1 34,200 3.2
17,000 2.1 48,450 3.2
30,000 2.0 85,500 3.0
50,000 1.8 142,500 2.7

aSource: Tax Foundation, Inc., "State and Local Sales Taxes," Research Publication No. 23 (New Series) (1970).
bBased on a 5 percent tax rate with exemptions for food and drugs. Actual Washington sales tax data were used, then modified to account for

the fact that in 1966, Washington had a 4.2 percent tax rate without exemptions for food and drugs.
ccalculated using a price index of 385. This was obtained from Survey of Current Business Data. The third quarter 1984 price index is

222.31, using 1972 dollars as base. Implicit price deflators for 1972 and 1966 are 145.88 and 113.90, respectively (using 1958 dollars as
base). A 1966 to 1984 price index is, therefore:

145.88 = 285
222.31 x 113.90

dCalculated by noting that Minnesota sales and use tax revenues in 1981 averaged 2.4 percent of income. (Source: Table B-1). In 1983,
taxes
were increased to 6 percent. Since Washington tax revenues averaged 2.1 percent, a conversion factor of:

was used for this analysis.

GLT263/95

2.4 x
2.1

6

4.5
= 1.52



new payroll multiplier of 2.06. Each dollar of Koch's pay­
roll, therefore, produces $1 in direct benefits and $1.06 in
spinoff benefits.
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heavy industries in regions with few nearby out-of-state
shopping districts, their effects should be similar. This
analysis will incorporate the South Dakota Homestake data
with no adjustments other than for inflation (see Table B-3).

Table B-1 has two parts: income bracketed amounts and statewide
averages.

The income bracketed data will be used to determine the spend­
ing and tax paying patterns of Koch's labor force, and the
statewide averages will be used to calculate subsequent cycles
of the multiplier effect.

There is an apparent contradiction in Table B-1 between the
income bracketed and average values for Social Security
taxes because of a difference in the treatment of employer
contributions to Social Security. Since these amounts are
not included in Koch's payroll, they need not be considered
in determining employee spending patterns. For businesses
receiving spinoff income from Koch's employees, however,
these withdrawals must be considered. Hence, Table B-2
includes employer contributions in the statewide average,
but not the income bracketed withdrawals. Another differ­
ence between these two computations is that Koch's payroll
is entirely composed of wage income, most of which is
subject to Social Security tax. For the economy as a whole,
however, only 60 percent of total income is subject to
Social Security taxation. Thus, most of Koch's employees
face Social Security withdrawals of 6.7 percent, while the
economy as a whole experiences Social Security withdrawals
of 8.2 percent. A similar apparent inconsistency results
from the inclusion of corporate income taxes in the average
value for Minnesota income taxes, but not in the income
bracketed amounts.

In 1983, Koch's employees earned an average of $32,400 per
year. Ignoring the unknown effects of other sources of income,
Table B-2 indicates that these employees spend 50.2 percent
of their income within the State of Minnesota.

A Koch payroll multiplier can, therefore, be calculated for
the Minnesota economy. In the first round, each dollar of
the payroll is income to the Koch employees. They spend
50.2 percent of this income locally, giving a second round
effect of 50.2 cents. This second round income will be
received by people in a large number of income categories.
Subsequent rounds of the spending cycle will, therefore,
involve the average withdrawal rate of 47.4 percent. These
numbers can be combined to produce a single multiplier. A
withdrawal rate of 47.4 percent corresponds to a mUltiplier
of 2.11. Since the statewide economy is fueled by only
50.2 percent of Koch's payroll, the spinoff benefit multi­
plier is 50.2 percent of 2.11, or 1.06. Adding 1.00 to ac­
count for the benefits to Koch's own employees produces a
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Appendix C
GROUNDWATER QUALITY

SAMPLING PROCEDURES

Before sampling the monitoring wells, approximately five
casing volumes of water (or pumping to dryness, if the wells
are tight), will be removed with a submersible pump. In
general, pumping five casing volumes before sampling will
ensure that stagnant water is removed from the well and for­
mation water is being sampled.

The monitoring plan should also specify at what depth in the
wells the evacuation pump is to be placed, and the total
well depth should be measured before each round of sampling
to check for silting.

Periodic testing of field blanks that have been run through
the evacuation pump is advisable to check for cross contami­
nation from the collection procedures and for absorption/
desorption of organics by the pump material.

After purging with the pump, samples will be collected by
dedicated combination stainless steel-Teflon bailers lowered
into the wells with a stainless steel wire. The bailers
will be cleaned with soap and water, followed by a tap water
and distilled water rinse, and oven baking.

Samples will be filtered with a millipore, a septic filtra­
tion apparatus, and collected in a plastic or glass bottle,
preserved, and placed in an ice chest. Volatile organics
will be collected in VOA vials that are carefully and com­
pletely filled to avoid aeration of the sample and an air­
space. Chain-of-custody forms will be completed after the
sampling. Temperature, specific conductance, and pH measure­
ments will be made on a separate sample in the field. Ana­
lytical methods to be used to process the samples are the
Standard EPA-approved test methods (Table C-1). Sample pre­
paration, analytical methods and sample bottle specifications
appear to conform to accepted standards.

SOIL-PORE WATER SAMPLING IN THE UNSATURATED ZONE

According to EPA ISS Standards (U.S. EPA, 1983), soil-pore
water sampling is to be conducted about 30 cm (1 foot) below
the treatment zone and at a maximum depth of about 1.67 m
(66 inches) below the surface. The depth of the treatment
zone at the land treatment ranges from 15 to 45 inches based
upon operating procedures for the soil auger (used to incor­
porate the waste into the soils), and visual inspection of
the vertical extent of altered soils at the landfarm treatment
facility.
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TABLE C-1
SAMPLE PRESERVATION AND ANAI.YTICAL METHODS FOR GROUNDWATER SAMPLES

PAUH!T!Il CONTAINER PRlSUVATIVE HOLDING TIHE
AIlALYTI CAL
HETHOD

DETECTION
!.IHI.T._~~/.~~

pcU!.
pCilL
pCi/L

1 u.ho/cD
1000

100
lOOO

1
5
1000
50
40

0.1

100
2
0.2
0.006

0.176

0.004

1
100
0.1
1
100
1
.2

IINOI to pH<2 6 Dontha EPA 7060:
IINO, to ,,11<2 (, Dontl.. ErA 7080.
lillO, 10 1'11<2 (, ..onlh. Yo!'A 1111.
II Nil , to pll<2 (, Dontha ErA 7191

2None ...quired 28 d.ya SId Hethl})1e
II NO to 1'"<2 (, ..onth. E!'A 1421.I
IINO, to pll<2, 0.05% (, .ontha E!'A 1410

ItL Cr07
!l'A 353'1)Cool, 4uC 48 houra

IINO. to p8<2 6 .onth. EPA 7740 1
IIN01 to pll<2 (, aontha EPA 7161
Cool, 40 C 7 day a (untll .xtractlon) EPA 8080'

30 daya (after extraction)
EPA 8080'Cool, 4°C 7 day a (until extraction)

30 day. (after extraction)
EPA 8080'Cool, 4°C 7 d.y. (until extraction)

Cool, 4
0

C
30 day. (after ..xtraction)

EPA 8080'7 day a (unti' extraction)

Cool, 40 C
30 day a (.fter extraction)

EPA 8150'7 day. (until ..xtraction)
30 daya (after extraction)

EPA 8150'Cool, 40 C 7 daya (until extraction)
lO day. (after extr.ction)

EPA 901.0 1IINOI to 1'11<2 6 ..ontha
IINO) to pll<2 (, .ontha EPA 900.0 I
II NO) to pll<2 6 .ontha EPA 900.0' 2
Cool, 4"C 6 houra Sid H.. tla 806
IINOJ to 1'8<2 6 aontha EPA 7'i21 1

IINO) to pH<2 6 aontha F.PA 2119.1)
None Required 28 day. EPA J2~.2'
IINO I to 1'"<2 (, 80ntha EPA 2l6.1)
IINO. to 1'11<2 (, • .,ntha F.PA 241.1)
Coo·" 4"C 28 .loy. EPA 8040'

U. SO" to pll<2
EPA 27l.1 l

IINO i to"pll<2 6 DOntha
Coo , 4 C 28 daya EPA 375.2 1

II,. SO" to r.1I<2 28 daya EPA 413.2 1

Cool, 4 C
Std Heth 402 2Determine on Site :I houra

Cool. 4"C 28 daya EPA 120.1 1

Cool, 4"C 28 day. EPA 415.1 J

II:S0" to pH<2
Cool, 4 11 C 7 day. EPA 4~0.1"

cap.

P,C
P,G
P,G
P,G
P
P,G
P,G

P,G
P,C
P,C
C, taflon lined c.p

C, teflon lined c.p

C, t .. flon lined cep

G, teflon lined c.p

C, teflon lined cap

G, teflon lined cap

P,G
P,G
P,G
P,G
P,C
P,G
P,G
P,G
P,G
P,G

P,G
P,G
G

P,G
P,G
P,G

C, teflon lined cap

Hethollychlor

Lind.ne

Nitr.te
Seleni...
Silver
Endrill

Ar.enic
aariu.
C.d.i ...
Chro.i ...
Fluoride
I."ad
Mercury

2,4-0

Toxaphella

2,4,5-TP SUvax

Sodi...
Sulf.te
Oi I .lId Cre••e

Il.odi ..
Cro•• Alpha
Cro•• B..t.
Colifora B.cteria
Nickel
Zinc
Chloride
Iron
H.ng.II.....
Ph..nola

Total OrganIc Halogen

pH
Sp..clfic Conduct.nce
Total Organic Carbon

C - Amber glaaa, with non-Detallie t .. flon-lin..d
P - Plast Ie.
I
U.S. Environmental Protection A~eney. Teat Methoda for Evaluat Ing Solid \Jaste. .:I'A S\J-846. July 1'182.

2A1'AA AWA-IJI'Lf. Standard ""thods for the Examination of \Jatt'r s"d \Jaste \J.lter, 151h Ed. Amer. Puh. IIl,nlth AS80e.,
\Jashlllgtnn. D.C.

1 .
11.5. t:nvlrnnmelltal Protection Agency. Methods fur ehe.. lcal Analysis of Uater and lJasles. EPA-60014-19-020. Harch 1919.

4U•S • t:rA 60014/84-0n8 Appendix D.



Constituents, particularly heavy metals, may travel at a
small fraction of the velocity of groundwater in which they
are carried. Consequently, a distance of 15 to 25 inches
may be traversed in a matter of an hour to a day by a leachate
front, but the dissolved constituents in it may take much
longer, due to sorption or precipitation mechanisms. It is
recommended then that the unsaturated zone monitoring (lysi­
meters and soil-core sampling) be conducted as close to the
bottom of the treatment zone (45 inches) as possible, pre­
ferably within 1 foot of the bottom. This suggests a maximum
depth of placement of monitoring devices at 57 inches.

SOIL-PORE WATER SAMPLING

Soil-pore water will be sampled at the landfarm through the
use of a network of 19 vacuum-pressure lysimeters. The lysi­
meters will be installed at selected locations within the
uniform soil areas (Figure C-l). Two lysimeters will be
placed in each of the two background monitoring plots. The
samples will be collected four times a year, annually, from
the lysimeters in the active landfarm area and four times
every 5th year, in the background plots. Samples will be
taken around the first part of the months of May, June,
October, and November within 24 hours of a significant rain­
fall event. Samples will be collected, composited, stored,
and recorded according to EPA guidelines, with the exception
of depth of sampling. The concerns noted previously in regard
to maintaining a maximum distance of 1 foot between the bottom
of the treatment zone and the sampling depth are applicable
to the lysimeter installation as well.

Sample parameters and analytical methods are the same as
those for quarterly sampling of the groundwater monitoring
network.

Recent work conducted by the U.S. EPA Environmental Monitoring
Systems Laboratory (EPA, 1984) involves the use of pan lysi­
meters to augment or replace vacuum lysimeters in sites where
macropore flow is of concern. This would involve flow through
cracks or large pores in permeable soils (such as might be
found at the treatment facility). Because lysimeters have
already been installed at the site and agency draft guidance
is subject to change, it is not warranted to install pan
lysimeters at this time. If, however, problems involving
insufficient sample volume develop in the lysimeter network,
installing pan lysimeters should be considered.

SOIL CORE SAMPLING

Soil core samples are to be taken at selected points within
uniform soil areas. The latter are defined on the basis of
predominant soil type and moisture conditions within the
land treatment facility. Four uniform areas within the active
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land treatment area and two background areas from outside
the treatment boundary have been identified (Figure C-2).
For each soil-core sampling event, samples from below the
treatment zone will be obtained and composited to provide a
sample coverage of approximately one sample per acre. New
locations for the soil area will be selected for each samp­
ling event. Sampling parameters to be analyzed from the
soil cores (and soil-pore water lysimeters) are the same as
those included in the quarterly sampling program for the
groundwater monitoring wells.

Sample collection will be conducted with a 4-inch, stainless
steel barrel auger. Sampling techniques including sample
preservation, sample storage, and chain-of-custody proce­
dures appear to adhere to accepted EPA sampling protocol.
Cleaning techniques, on the other hand, may not be suffi­
cient to prevent cross contamination between sampling areas.
It is recommended that sample collection equipment be cleaned
with tap water, checked for adhered macroorganics, solvent
rinsed for residual organics if present, double rinsed with
deionized distilled water, and finally air dried. These
methods are directed toward preventing cross contamination
and minimizing the frequency of having to resample apparently
contaminated areas.

Extreme care during the excavation and sample removal proce­
dures must be exercised to avoid unintentionally contaminating
the subsurface soils and introducing bias to the sampling
program. Each sample point must be backfilled with clean
soil or bentonite.

METHOD OF CALCULATING LOW AND HIGH INFILTRATION RATES

Water balances for both the preexpansion and postexpansion
landfarm were performed using the method outlined in Fenn (1975)
(Tables C-2 and C-3). Tables C-4 and C-5 list parameters
and assumptions used in the water balances. This yields a
liberal estimate of both evaporation and infiltration. For
the preexpansion facilit~, the calculated evaporation is
22.21 inches or 6.8 x 10 gallons/year. Potential evaporation
is calculated based on Thornthwaite's method, which expresses
evapotranspiration as a function of mean monthly air tempera­
ture. The values calculated for evaporation using this method
may be somewhat high, as no transpiration occurs on the land­
farm (i.e., there is no vegetation). However, this effect
may be compensated for by the existence of ponded water on
the landfarm during the spring after snowmelt has occurred,
and after periods of heavy rainfall. Infiltration for the
preexpansion facility was found to be 9.93 inches, or 3.1 mil­
lion gallons/year.

Postexpansion evaporation calculated using the same method
(Fenn, 1975) for the entire landfarm was found to be 18 million
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Table C-2
PREEXPANSION WATER BALANCE

Jan. Feb. Mar. Apr. ~ Jun. July Aug. Sept. OCt. Nov. Dec. Annual

PEa - - - 1.54 2.83 3.93 4.41 4.25 3.11 2.05 0.15 - 22.27

P 0.73 0.84 1.68 2.04 3.37 3.94 3.69 3.05 2.73 1.78 1.20 0.89 25.94

b
0.48 0.48 5.76WW 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48

(DEC-MAR) 6.06

I - - 6.06 2.52 3.85 4.42 4.17 3.53 3.21 2.26 1.68 - 3.170

I-PE - - +6.06 +0.98 +1.02 +0.49 -0.24 -0.72 +0.10 +0.21 +1.53

LNEG(I-PE) -0.24 -0.96

ST
c

5.5 5.5 5.5 5.5 5.5 5.5 5.27 4.61 4.71 4.92 5.5 55.5

MT 0 0 0 0 0 0 -0.23 -0.67 +0.10 +0.21 +1.58 0

AE - - - 1.54 2.83 3.93 4.40 4.20 3.11 2.05 0.15 - 22.21

PERC. - - 6.06 0.62 1.02 0.49 0 0 0 0.21 1.53 - 9.93

Note: All values in inches.
a
bCalculated using Thornthwaite's method based on energy available for evaporation.

Water from waste = initial water in waste plus water produced during waste decomposition.
c
Values obtained from Thornthwaite soil moisture retention table (EPA/530/SW-168).
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PEl

P:

WW:

I:

NEG(I-PE) :

ST:

AE:

PERC:

Table C-4
PARAMETERS IN WATER BALANCE

Potential Evaporation (Thornthwaite in Dunn and Leopold, 1978)

Precipitation (From Minneapolis-St. Paul 30-Year Averages)

Water from Waste

Infiltration (P & WW)

Months of Soil Moisture Depletion

Soil Moisture Storage (Calculated from Tables in Fenn, 1975)

Actual Evaporation

Percolation

Calculation of Thornthwaite PE

a
IOTa

E = 1.6 I
t

GLT499/19

where E Evapotranspiration (PE)
T

t = Mean Monthly Air Temperature (OC)
I
a = Annual Heat Index

I (MPLS/SP) = 35
2 3

a = 0.49 + 0.0179 (I) + 0.0000771(E ) + 0.000000675 (I )
= 1.05



Table C-3
POSTEXPANSION WATER BALANCE

Jan. Feb. Mar. Apr. ~ Jun. July Aug. Sept. Oct. Nov. Dec. Annual

PEa - - - 1.54 2.83 3.93 4.41 4.25 3.11 2.05 0.15 - 22.27

P 0.73 0.84 1.68 2.04 3.37 3.94 3.69 3.05 2.73 1.78 1.20 0.89 25.94

b
WW 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 3.36

(DEC-MAR) 5.26

I - - 5.26 2.32 3.65 4.22 3.97 3.33 3.01 2.06 1.48 - 29.3

I-PE - - +5.26 +0.78 +0.82 +0.29 -0.44 -0.92 -0.10 +0.01 +1.33

ENEG(I-PE) -0.44 -1.36 -1.46

c
ST 5.5 5.5 5.5 5.5 5.5 5.5 5.1 4.3 4.2 4.21 5.5 5.5

t.sT 0 0 0 0 0 0 -0.4 -0.8 -0.1 +0.01 +1.29 0

AE - - - 1.54 2.83 3.93 4.37 4.13 3.11 2.05 0.15 - 2.11

PERC. - - 5.26 0.78 0.82 0.29 0 0 0 0 0.04 - 7.19

Note: All values in inches.
aCalculated using Thornthwaite's method based on energy available for evaporation.
bWater from waste = initial water in waste plus water produced during waste decomposition.
cValues obtained from Thornthwaite soil moisture retention table (EPA/530/SW-168).
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gallons. Infiltration over the entire landfarm is estimated
to be 5.9 million gallons/year. Evaporation and infiltration
combined account for all of the water input to the landfarm
(approximately 10 million gallons per year) in the method
presented by Fenn (1975). Since these numbers depend on the
amount of surface water removed from the landfarm, the assump­
tion of no surface water removal yields liberal (i.e., high)
values for both evaporation and infiltration.

It is necessary to make a conservative estimate of infiltra­
tion to define a range of possible values for this parameter.
A water balance for both the preexpansion and postexpansion
landfarm was calculated using Darcy's Law and making some
basic assumptions (Tables C-6 through C-9). In this case,
surface water removal was calculated, and evaporation was
neglected. This procedure yields conservative estimates of
infiltration through the landfarm soils.

Total precipitation plus wastewater input for the months of
April through November was summed and divided by eight to
yield an average value of hydraulic loading per month. This
input was assumed to occur in one precipitation event each
month. surEgce water removal was assumed to take 7 days. A
value of 10 cm/s was assumed for the landfarm soil. This
value is based on the presence of standing water on the land­
farm observed during a site visit 1 week after a rainfall;
if the soil permeability were higher by one order-of-magnitude,
all of the standing water would have infiltrated within a
week.

Based on the assumptions listed, a flow rate (Q) was calcu­
lated for the standard monthly precipitation event. This
value, in units of cm/s over a unit surface area, was con­
verted to a flow volume over the 7-day period, and multiplied
by eight (the number of precipitation events per year) to
obtain a total flow per year (cm 3 /year) caused by rainfall
and wastewater inputs for the months in which infiltration
occurs.

The precipitation and wastewater inputs for December through
March were summed and used as the total water input for the
spring snowmelt event. Surface water removal after snowmelt
was assumed to require 12 days. Values of infiltration volume
for the 12~day period following snowmelt were then calculated
using Darcy's Law.

In both the infiltration calculations (for rainfall events
and for spring snowmelt), the value of hydraulic head was
assumed to remain constant. Values of infiltration over the
7- and 12-day periods are low enough to be neglected in con­
sidering hydraulic head flux.
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Table C-5
ASSUMPTIONS IN WATER BALANCE

1. From Barr Engineering Report for Koch;
Available water capacity = 0.22 inch/inch
Available water at field capacity = (0.22) (25) =5.5 inch where 25 inch =average
depth of treatment zone

2. No surface water removal; this assumption will yield liberal values for evaporation
and infiltration.

3. No evaporation from December through March.

4. No infiltration from December through February.

5. Runoff from landfarm equals zero.

6. Preexpansion:

Water in waste is 72% of 9,347 tons/yr = 6,729 tons/yr
= 1.6 million gallons/yr

Postexpansion:

Water in waste is 1.5 (6,730 tons/yr)

7. Preexpansion

10,100 tons/yr
2.4 million gallons/yr

Water from decomposition

Postexapnsion:

9

13
(1,435 tons) = 993 tons/yr

= 0.2 million gallons/yr

Water from decomposition
9

13
(1.5 x 1,435* tons) = 1,490 tons/yr

= 0.36 million gallons/yr

*Amount of hydrocarbons in waste

5
CnHn + - nO

4 2

n
nCO + - H 0

2 2 2

~rn(13n) + (4On) --- (44n) + (9n)
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Table C-7
CALCULATION OF INFILTRATION AND SURFACE WATER REMOVAL FOR

PREEXPANSION FACILITY SPRING RUNOFF

Total Precipitation (December-March)
Total Wastewater Input (December-March)
Total Spring Runoff (December-March)

Assumptions:

4.14 inches
1. 92 inches
6.06 inches

5.

1. No evaportranspiration or infiltration occurs during the months of December-March;
total precipitation and wastewater input for the months of December-March effectively
loaded to the 1andfarm during spring snowmelt.

2. Twelve days required for surface water removal after spring snowmelt.

3. Evapotranspiration is negligible over 12-day surface water removal period.

4. Hydraulic head (dh/d1) = 31/25 1.24 inches/inch.

-6
Permeability of 1andfarm soils = 10 cm/s (based on observation of standing water
7 days after precipitation event).

6.
2

Area = 1 cm

Darcy's Law:

Total Infiltration:

Q =

Q =

kA(~g/dl)

(10 (1)(~624)

1. 24 x 10 cm/s
0.042 inches/day
0.504 inches/12 days

3
(1.14 x 19 gallons/day/acre) (12 days) (11.51 acres)
1.58 x 10 gallons

Infiltration (12 days):
Removal:
Total Removal:

GLT499/18

Q =

R =
R=

0.504 inches
6.06 - 0.504 = 5.56 inches
(5.56 inches) (1 ft/12 inches)3(43,560
(11.51 acres) (7.48 ga110ns/ft )
1.7 million gallons

2
ft /acre)



Table C-6
CALCULATION OF INFILTRATION AND SURFACE WATER REMOVAL FOR

PREEXPANSION FACILITY

Facility Refining Capacity: 137,000 barrels crude oil/day
Landfarm Area: 11.51 acres

"Rainfall" Events

Total Precipitation (April-November)
Total Wastewater Input (April-November)
Total Water Input (April-November)

Assumptions:

21.8 inches
3.84 inches

25.64 inches

1. One "rainfall" /month = 3.2 inches/month maximuim hydraulic loading to landfarm.

2. Seven days required for surface water removal.

3. Evapotranspiration is negligible.

4. Hydraulic head (dh/dl) 28.2/25
1.13 inches/inch

5.

6.

-6
Permeability of landfarm soils = 10 cm/s (based on observation of standing water
7 days after precipitation event).

2
Area = 1 cm •

Darcy's Law:

Over 11.51 acres:

Total (April-November):

Q = kA (dh/dl)
= (10-6)(I)~~.13j 2
= 1.13 x 10 cm /s/cm

0.0384 inches/day
0.269 inches/7 days

3Q = (1.04 x lO gallons/day/acre)(7 days) (11.51 acres)
= 8.4 x 10 gallons/event

4
Q = (8.4 x 19 gallons/event) (8 events)

6.7 x 10 gallons

Infiltraton (7 days):
Removal:
Over 11.51 acres:

Total (April-November):

GLT499/21

Q = 0.269 inches
R = 3.2 - 0.269 = 2.931 inches
R = (2.931 inches)(1 ft/12 inchesj(43,560

(11.51 acres)(7.48 gallons/ft )
0.9 million gallons/event

R = (0.9 million gallons/event)(8 events)
= 7.2 million gallons

2
ft /acre)



Table C-9
CALCULATION OF INFILTRATION AND SURFACE WATER REMOVAL FOR

POSTEXPANSION FACILITY SPRING RUNOFF

Runoff

Total Precipitation (December-March)
Total Wastewater Input (December-March)
Total Spring Runoff (December-March)

Assumptions:

=

4.14 inches
1.12 inches
5.26 inches

1.

2.

3.

4.

5.

6.

No evaportranspiration or infiltration occurs during the months of December-March;
total precipitation and wastewater input for the months of December-March effectively
loaded to the landfarm during spring snowmelt.

Twelve days required for surface water removal after spring snowmelt.

Evapotranspiration is negligible over l2-day surface water removal period.

Hydraulic head (dh/dl) =30.25/25 =1.21 inches/inch.

-6
Permeability of landfarm soils = 10 cm/s (based on observation of standing water
7 days after precipitation event).

2
Area = 1 em

Darcy's Law:

Total Infiltration:

Q = kA(dh/dl)
-6= (10 (1) (1.21)

-6= 1.21 x 10 cm/s
= 0.04 inches/day
= 0.49 inches/12 days

Q (1.1 x 10
3

gallons/day/acre) (12 days) (30 acres)
= 3.98 x 105 gallons

Infiltration (12 days):
Removal:
Total Removal:

GLT499/l2

Q 0.49 inches
R = 5.26 - 0.49 = 4.77 inches
R = (4.77 inches) (1 ft/12 inch~s)

(30 acres) (7.48 gallons/ft )
= 3.9 million gallons

2
(43,560 ft /acre)



Table C-8
CALCULATION OF INFILTRATION AND SURFACE WATER REMOVAL FOR

POSTEXPANSION FACILITY

Facility Refining Capacity: 207,000 barrels crude oil/day
Landfarm Area: 30 acres

"Rainfall" Events

Total Precipitation (April-November)
Total Wastewater Input (April-November)
Total Water Input (April-November) =

Assumptions:

21.8 inches
2.24 inches

24.04 inches

1. One "rainfall"/month = 3.0 inches/month maximuim hydraulic loading to landfarm.

2. Seven days required for surface water removal.

3. Evapotranspiration is negligible.

4. Hydraulic head (dh/dl) = 28/25
1.12 inches/inch

5.
-6

Permeability of landfarm soils = 10 em/s (based on observation of standing water
7 days after precipitation event).

6. Area = 1
2

em •

Darcy's Law:

Over 30 acres:

Total (April-November):

Q = kA(~/dl)

= {IO (1) (!~21)

= 1.21 x 10 cm/s

= 0.04 inches/day

= 0.49 inches/12 days

3
(7 days) (30 acres)Q (1.03 x 19 gallons/day/acre)

2.16 x 10 gallons/event

5
gallons/event) (8 events)Q = {2.15 x 10

= 1. 7 million gallons

Infiltration (7 days):
Removal:
Total Removal:

Q =
R =
R =

0.267 inches
3.0 - 0.267 = 2.733 inches
(2.733 inches) (1 ft/12 inc~es)

(30 acres) (7.48 gallons/ft )
2.2 million gallons

2
(43,560 ft /acre)

Total (April-November)
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Q (2.2 million gallons/event) (8 events)
= 17.6 million gallons



Table C-I0
RESULTS OF WATER BALANCE CALCULATIONS PERFORMED USING DARCY'S LAW

Q/Spring RISpring
Q/Rainfall Event RIRainfall Event Q/8 Events R/8 Events Snowmelt Snowmelt Total Q/yr Total R/yr

Preexpansion

(11.51 acres + current 4 5 5 6 6 6 5 68.4 x 10 9.0 x 10 6.7 x 10 7.2 x 10 1.84 x 10 1.7 x 10 8.5 x 10 8.9 x 10
refining capacity)

Postexpansion

(30 acres + 500~ increase 5 6 6 6 5 6 6 72.2 x 10 2.2 x 10 1. 7 x 10 17.6 x 10 4 x 10 3.9 x 10 2.1 x 10 2.12 x 10
in refining capacity)
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Surface water removal was calculated by taking the difference
between total input for each event and total infiltration
for the same event.

Table C-IO summarizes the results of the water balance cal­
culations performed using Darcy's Law. For the preexp~nsion

facility, total infiltration is approximately 8.5 x 10 gal­
lons/year, and roughly 8.9 million gallons must be mechanically
removed. Infiltration and removal for the postexpansion
facility were found to be approximately 2.1 million gallons
and 21.2 millions gallons, respectively.

For the postexpansion facility, infiltration values range
from 2.1 to 5.9 million gallons/year. Surface water removal
was estimated to be 21.2 million gallons/year using Darcy's
Law in the second water balance. This value indicates that
surface water removal will be a significant problem if the
facility is expanded to the proposed 207,000 barrel per day
capacity.

UNSATURATED ZONE TRANSPORT

The transport of leachate and constituents in the unsaturated
zone is controlled by:

o Infiltration rates
o Subsurface permeability
o Capillary forces
o Adsorption/desorption/precipitation reactions

Several expressions have been developed for estimating the
transport time from a leakage source to the groundwater table
(zone of saturation). One developed by McWhorter and Nelson
(1979) is based upon Darcy's law and the continuity equation.
The expression for the travel time, t, of a leachate front
traversing a vertical distance, L, is given by the following:

t = [(L/q) (n-e.) (q/K)] 1../ (2 + 31..) •
].

where q is the infiltration
initial moisture content, K
and A the pore size index.
natural soils.

rate, n the porosity, e. the
is the hydraulic conductivity,
The latter varies from 1 to 4 in

Because of a variety of phenomena, including adsorption and
desorption, cation exchange, and precipitation reactions,
the transport of dissolved constituents may be slowed relative
to the velocity of the leachate front. This apparent transport
velocity is retardation factor, equal to the average linear
velocity divided by the (vi), (Rd) , and varies according to
soil type, pH and Eh conditions, and constituent type. Values
for retardation factors vary from less than one (for certain
organic constituents) to several thousands in the case of
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of a single invariant value for Rd (even for a single site)
is questionable, we have chosen to present a range of Rd
values. This may make interpretation of the results of the
constituent transport calculations more difficult, but we do
not believe that selection of a single Rd value (and predic­
tion of a single travel time) is justified. Estimates of
travel time using a value of 32, however, are probably more
realistic than those based on a lower Rd value.

The results of the unsaturated zone transport time calculations
are shown in Table C-11.

Table C-11
COMPUTED LEACHATE TRAVEL TIME IN UNSATURATED ZONE

(Time in Years)

No Expansion of

Capacity

Expansion of

Capacity

12-inch depth

24-inch depth

50 feet

Low Rd

0.08

0.2

4.1

High Rd

1. 87

3.74

93.44

Low Rd

0.08

0.2

4.3

High Rd

1.9

3.9

97.3

Travel times are given for depths corresponding to: (1) the
recommended depth for lysimeters below the treatment zone,
(2) the acutal c.c:pth o~: .Ly:3.imaters, and (3) the groundwater
table. These values are again valid for a single constituent;
different constituents would travel faster or slower, depend­
ing upon their Rd values.

The computed travel times compare favorably with soil core
data that show elevated levels of inorganics in the lower
portions of the treatment zone after a period of operation
of only a few years. Data from the Koch RCRA Part B applica­
tion show that cadmium concentrations at a 50-inch depth in
cell 12 exceed background levels by a factor of 3 (5.1 ppm/
1.6 ppm) after a period of operation of 2.75 years. According
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to the leachate travel time calculations, cadmium should
reach this depth between 0.03 and 0.8 years, which is well
within the observed travel time. The data also suggest that
travel times to the groundwater table may vary from 4.1 to
93.44 years for the no-expansion alternative. Values for
the expansion alternative are essentially the same as for
no-expansion since although waste loading increases, treat­
ment area increases as well.

According to the data in Table C-11, the difference between
travel times to the 12-inch and 24-inch depths ranges from
less than 1 year to 2 years, assuming small and large Rd
values, respectively. This may support the contention that
the deeper lysimeter installations will not adversely
increase the time to detection of leached constituents.
However, this does not remove the concern about the possible
incorporation of waste below the 1.5m maximum depth, as
addressed in the RCRA regulations.
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C-20




