
































Bibliography

American Society of Testing and Marerials. 1989 Annual book of standards,
Volume 04.08. Philadelphia, PA.

Moore, John §. 1990, SEEPPAGE: a system for early evaluation of the pollution
potential of agricultural groundwater environments. Geol. Tech. Note No.
5, U.S. Dep. Agric., Soil Conserv, Serv., NNTC, Chester, PA,

Moore, John S., and Howard W. Hall. 1988. Guidelines for the use of soil liners
with agricultural waste management practices. U.S. Dep. Agric., Soil Conserv.
Serv., NNTC, Chester, PA.

United States Department of Agriculture. 1957-89. Miscellaneous soil testing data
(unpublished permeability results of compacted soils). Soil Conserv. Serv.,
Soil Mech. Lab., SNTC, Fort Worth, TX,

United States Department of Agriculture. 1978. Suggested preparation of sealant and
treatment of area 10 be sealed. Soil Conserv. Serv,, Soil Mech. Lab., SNTC, Fort

wWorth, TX.

United States Department of Agriculture. 1984, 1979, and 1980. Pracrice Standards
No. 359, Waste treatment lagoon; No. 425, Waste storage pond; and No, 313,
Waste storage structures, National Handbook of Conservation Practices. Soil
Conserv. Serv., Washington, DC.

United States Department of Agriculture. 1987, Guide on design, operation, and
management of anaerobic lagoons. Eng, Tech. Note, Ser. No. 711, Soi! Conserv.
Serv., SNTC, Fort Worth, TX.

United States Departroent of Agriculture. 1991. Measurement and Estmation of
Permeability of Soils for Animal Waste Storaée Facility Design. Eng. Tech.
Note, Ser. No. 717, Soil Conserv. Serv., SNTC, Fort Worth, TX.



Appendix A

Summary of Literature Appraisals



LITERATURE REVIEW
by ©. Gangbazo, D. Cluis, and M, Vallieres

Modern farming methods and economic pressures have
concentrated the larger dairy and hocg farms in certain areas
of Quebec. Because of their size, these farms generate very
large quantities of manure, and the resulting cost of
storage and spreading is significant.

It is known that hog and cattle manure contains soluble
nutrlents, the most important in terms of quantlty being
ammonia. When ambient conditions permit, armonia is
transformed into nitrates in the s0il and water. Nitrogen
in the form of ammoenia or nitrates represents a serious risk
to the environment. In effect, all countries have developed
standards for these parameters {(Simard and Des Rosiers,
1979;: Gouin and Malo, 1877). During the last two decades,
several studies have been carried cut in different parts of
the world to evaluate the risk of contamination of ground-
water due to the storage of manure in earth storage tanks.
The a‘m has been not only to understand the way in which the
manure seals the tanks (self clogging property), but alse te
improve the construction guidelines designed to protect the
ground-water arcund the tanks.

Nerdsedt et al. (1871 studied the aguifer 15 m from a
cattle manure tank situated on a clay soil. He found above
rnormal nitrate concentrations in the aguifer at a depth of
between 2.0 and 3.0 m. The tank had been in service for 8
months.

Miller et al. (1976) found that the concentrations of
ammonia (NH4) at more than 1.40 m below two hog manure
storage tanks was higher than that before their
installation. The tanks were in operation for 8 years, one
on a soil of medium texture and the other on a coarse soil.

Sewell et al. (1978) obkserved increasing concentrations
of chlorides in the aguifer at a depth of 6 m and a distance
of 5 to 15 m from a cattle manure storage tank. However,
these concentrations returned to> normal two months after the
tank was put into service., The soil at the tank site was
silty to sandy loam from 0 to 1.0 m and sandy from 1.0 to
4.0 m.

Ciravolo et aml. {(19879) studied the effect of three hog
manure storage tanks of the guality of the adjacent aguifer.
They concluded that scil texture has a large effect on the
contamination of the aguifer: a fine textured goil reduces
the risk of contamination compared to a coarse soil.

Barringten (1985) published the results of a study
designed to determine the criteria for site selection and
standards for the construction of earth-built manure storage



tanks which would ensure the maximum protection of the
environmental quality. As many other authors have, she
found that the sealing cof the soil pores was related to the
pads of solid manure which accumulate at the soil-manure
interface. This mechanism allows the soil to become almost
instantanecusly impermeable as long as the scil can retain
the solid manure at its surface. The results of the study
showed that this seal cculd be achieved even in soils as
coarse as sand. Rates of infiltration as low as 3 X 10-6
cm/s were maintained over a period of 12 months under such
conditions. In addition, this author suggested that the
rates of infiltration obtained were relatively independent
of the initial hydraulic conductivity at the site. Based on
these results, she recommended the use of the effective
diameter of the soil voids as the main criteria for the
selection of sites for the construction of earth-built
manure storage tanks. The maximum diameter for such sites
should be 2.0 microns for cattle manure and 0.5 microns for

hog manure storage tanks.
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LITERATURE REVIEW OF SEALING MECHANISMS
by &. Barrington and R. Broughton

The mechanisms ©f so0il sezling by manure have been
categorized into three distinct groups: physical, biolocgical
and chemical. The physical mechanisms of cleogging scil
pores by manure solids have generally been considered
predominant. Nevertheless, the relative strength and origin
of each of the three mechanisms was not investigated until

the late 1070s.

De Tar (1979) observed the infiltration of dairy manure
of various total solids content (TS} into clays and sandy
loams. He demonstrated that the slurry TS was the primary
factor controlling the long-term seepage rate and that the
spoil's steady state infiltration rate with water was much
less significant. Rowsell (1980) used laboratory columns to
measure infiltration rates of natural and sterilized
screened feedlot runcoff intoc scils of various textures. As
a nain sealing mechanism, he s. jgested the formation at the
s0il surface of an impermeable iayer of manure solids.
Rowsell et al. (1985) confirmed this by examining the sealed
surface under microscope and finding solids lodged between
the soil particles.

Barrington et al. (1987a.,b) investigated separately the
physical, biological and chemical sealing mechanisms and
found the first process to be predominant. Biological and
chemical mechanisms were found to intervene, under ambient
temperatures exceeding 10°C, to strengthen the physical
clogging rather than to create a new seal. Through the use
of piezometers, they alsc demonstrated that the sealing
layers were at the organic solid mat above the s3il surface
and at the manure-soil interface. This suggests that the
soil acts basically as a screen holding at its surface the
manure solids forming the seal. The finer the diameter of
the s6il pores with respect to manure solids, the more
extensive the sealing process. Barrington et al. (1987a,b)
found little correlation between the soil's k value and the
extent of the sealing process. Finally, they demonstrated
that the low volumes of manure liquids seeping into the soil
are highly contaminated and can result in groundwater
contamination if the soil is of low cation exchange capacity
(CEC) .

These findings suggest the use of soil pore diameters
rather than soil k values as design criteria for earthen

storage fagilities.
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LITERATURE APPRAISAL
by John Sweeten

Seepage from livestock waste treatment lagoons and
runoff holding ponds has been studied by researchers for at
least two decades. In essence, it has been determined that
bacterial cells and fine organic matter generally cleg soil
pore spaces along the bottom and sides of lagoons and
holding ponds (Barrington and Jutras, 1985) making them
effectively *self-sealing" (Davis et al., 1973).

After several months of storage, coefficients of
permeability of the bottom soil in ponds storing liquid
manure, wastewater and runcff from livestock operations have
usually been from one to three orders of magnitude lower
{i.e. 10 to 1000 times) for wastewater than for clean water,
as indicated in Figure 2(Robinson, 1973; Lehman and Clark,
1975; Barrington and Jutras, 1983). When the soil bottom
and sides of manure storage ponds a..d lagocons have a
moderate to fine-textured scil (su~h as silt clay loam or
clay), the final permeability coefficient is usually of the

order of magnitude of 10-° to 107 centimeters per second
{cm/sec), or 0.0014 inches per nour (in/hr}, respectively
{(Barrington and Jutras, 1985). However, final

permeabilities ¢f a sand usually exceed  10°¢ cm/sec
{0.0014 in/hr) (Dye et al., 1984). Cattle manure has
generally shown better self-sealing properties than swine
manure {Barrington and Jutras, 1985).

Livestock manure and wastewater provide significant
beneficial self-sealing on the bottom and sides of lagoons
and holding ponds. However, some regulating agencies feel
this phenomenon should not be counted on as the sole means
of groundwater preotection, and that lagoons should also be
placed in relatively impermeable subsoils (Dye et al.,
1984).

Many feedlots in Texas are bullt on playa lakes, which
have a clay bottom (Randall clay) of several feet that is
underlain by much more permeable soil material (of
Pleistocene origin) resembling caliche. Lehman and Clark
{1975) determined that undisturbed cores of the clay surface
soil in playas had permeability values with clear water of
2.8 X 105 cm/sec (0.04 in/hr), as compared toc 1.1 x 103
cm/sec (1.6 in/hr) for the buried Pleistocene materials.
However, the addition of feedyard runcff reduced
permeabilities within 45 days to only 8.3 X 104 in/hr (5.6
X 1077 cm/sec) through the Randall clay after 10 days and
0.0025 in/hr (1.7 X 10-¢® cm/sec) for the underlying buried

scil.
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LITERATURE REVIEW
by David Brune

The use of lagoons as a treatment technique for managing
animal waste has become a widespread and common practice,
primarily because it is an economical means of treating highly
concentrated wastes from confined livestock operations. 1In the
late 1960's, considerable attention was paid to the impact of
lagoons on surface water quality; since the mid 1070s that
attention has shifted to the potential impacts on groundwater
quality.

Sewell (1) found in his studies on an anaerobic dairy lagoon
that the lagoon bottom seals within two months of start up, and
little or no pollutants were found in the groundwater after this
time. Ritter (2) studied a two-stage anaerocbic swine lagoon for
four years and determined that the contaminant concentration
increased in wells (50 m from the lagoon) the first year and then
steadily decreased afterwards. His data lead him to speculate
that biolerical sealing takes plac» over a periocd of time
depending on the loading rate to & lagoon. Collins (3) studied
three swine lagoons, each within a high water table area. He
found that there was no significant effect on groundwater beycnd
3 m from the lagoon edge. Miller (4) studied the performance of
beef lagoons in sandy soil and found that the lagoons had
effectively sealed to infiltration within 12 weeks of addition of
manure. Humenik ({5) summarized research conducted by others on
the subject on lagoon sealing, and he concluded that the studies
indicated that lagoon sealing may be expected within about six
months after which the area of seepage impact becomes restricted
to approximately 10 m.

On the other hand, Hegg (6-7) collected data from a dairy
lagoon and from newly established swine lagoons and found that
some of the monitoring wells became contaminated while others did
not. This led him to conclude that seepage does not occur
unifermly over the entire wetted perimeter of the lagoon, but at
specific unpredictable sites where sealing has not taken place.
Similarly Ritter (8) monitored an anaercbic two-stage swine
lagoon for two years, and found that one of the wells showed
contamination which indicated localized seepage, while the other
monitoring well indicated the lagoon system produced a minimum
impact on groundwater quality and that sealing had gradually
taken place.

Geraght (9) presented a general discussion on how
contaminated groundwater moves in plumes and how the plumes can
be controlled. His presentation outlined work dealing with the
soil water interface in the lagoon and core sampling technigques
and work in which soil columns were used to simulate lagoon
conditions. Chang (10) concluded that there are two mechanisms
that cause sealing. The primary mechanism is the trapping of
suspended matter in the soil pores which physically cause
clogging. The secondary mechanism is caused by microbial growth



which produces by-products that bind the soil particles together.
Allison {11) noticed a correlation between poclyuronide

(a polysaccharide produced by most microorganisms in the sand
under a pend and the extent of clogging. Additicnally, in
laboratory studies McCalla (12, 13) found that very little
clogging occurred when microorganisms were not present at high
numbers. He also found that as microorganisms act upon organic
matter in the soil they tend to stabilize soil structure units.

Unfortunately, however, some isolated area in lagoon do not
seal, resulting in a pollutant plume which can contaminate
groundwater down gradient from the lagoon. The nature of these
"non-sealing events" is sporadic and unpredictable. Most of the
literature tends to agree that, in general, animal waste lagoons
tend to self-seal within 6 months to one year depending on
loading rates and soil conditions. The sealing mechanism seems
to be both physical and biological. The suspended particles in
the lagoon water filter out in the soil pores clogging them. The
biological action of the microorganisms produce by-products
(polysaccharides) which aggregate the scil and bind it together.

The problem remains that lagoons have the unpredictable
potential to affect both groundwater and surface water. Because
of the sporadic and site specific nature of such leakage, it is
not pecssible to draw conclusions about the degree of hazard to
groundwater without surveying a large number of lagoons. Given
the non-uniformity of lagoon seepage, it is important that the
technique used to study the lagoons involve a global or areal
sensing of the groundwater, as opposed to a localized or point
sampling technigque as represented in the standard practice of
installing monitoring wells.

The techniques which have been used in the past, and other
techniques which appear to cffer promise include:

A) Passive Areal Techniques

1) ground penetrating radar
2) electromagnetic survey

B) Interactive Areal Technigques

1) surface resistivity
2} downhole resistivity
3) tracers

4) water balance

C) Interactive Point Technigues
boreholes

1)
2) seepage meters
3) water mounding
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CONSTRUCTION SPECIFICATION
FOR
WASTE TREATMENT LAGOONS (359)
&
WASTE STORAGE PONDS (425)

Foundation preparation

The foundation area shall be cleared of trees, logs, stumps, roots, brush, boulders, sod
and rubbish. The topsoil and sod are to be stockpiled. After stripping, the foundation
area will be prepared to assure a bond with the fill by removing loose dry material,
scarifying, disking, adjusting water content, and compacting as necessary.

Cutoff trench

A cutoff trench under the embankment area shall be constructed when shown on the
construction drawing. Final depth of cutoff trench shall be determined by observation of
the foundation materials. Sand, gravel, and other more permeable materials shall be
removed to prevent Jeakage under the embankment.

Excavation

The completed excavation for the storage area shall conform to the lines, grades, and
elevations shown on the plans or as staked in the field.

Fill placement

The material placed in the fill shall be free of detrimental amounts of sod, roots, frozen
soil, stones over 6 inches in diameter, and other objectional material. To the extent they
are suiable, excavated materials are to be used as fill. The distribution and gradation of
materials shall be such that there will be no lenses, pockets, streaks, or layers of material
differing substantially in texture or gradation from the surrounding material.

The fill shall be brought up in approximately horizontal layers not 1o exceed 9 inches in
thickness when loose and prior to compaction. Each layer will be compacted by
complete coverage with the hauling and spreading equipment or two passes of standard
tamping roller, or other equivalent method approved by the engineer. Compaction will
be considered adequate when fill material is observed to consolidate to the point that
settlement is not readily detectible.

Placement of topsoil

Available topsoil should be placed on the tep and the exposed slopes of the lagoon
embankment.

Water control

The minimum water content of the fill material and foundation shall be such that, when
kneaded in the hand, the fill material will form a ball that does not readily separate. The



CONSTRUCTION SPECIFICATION
FOR A SOIL LINER
FOR
WASTE TREATMENT LAGOONS (359)
&
WASTE STORAGE PONDS (425)

Scope

This specification covers the lining of these facilities with a designated soil material at the time
of initial installation, or as repair or remedial work.

Foundation preparation

The fou- 'ation area shall be cleared of trees, logs “tumps, roots, brush, boulders, sod and
rubbish. When a liner is being installed after the iacility has been in use, care should be taken to
remove sludge and sediments down to the original soil material. Foundation preparation must
also extend deep enough to eliminate any effects from drying that may have occurred during
previous operations. The topsoil and sod are to be stockpiled. After stripping, the foundation
area will be prepared to assure a bond with the fill by removing loose dry material, scarifying,
disking, adjusting moisture, and compactng.

Liner placement

The material placed in the fill shall be free of detrimental amounts of sod, roots, frozen soil,
stones over 6 inches in diameter, and other objectionable material. The materials will be from
those designated borrow areas. The distribution and gradation of materials shall be such that
there will be no lenses, pockets, streaks, or layers of matenial differing substantially in texture or
gradation from the surrounding material.

The fill shall be brought up in approximately horizontal layers not 10 exceed 9 inches in
thickness prior 10 compaction. Each layer will be compacted by a minimum of complete
coverage with the hauling and spreading equipment or two passes of standard tamping roller, or
other equivalent methods approved by the engineer. Compaction will be considered adequate
when fill material is consolidated to the point that settlement is not readily detectable.

Water content control

The minimum water content of the liner material and foundation shall be the optimum water
content that relates to the specified dry density or such that, when kneaded in the hand, the fill
material will form a ball which does not readily separate. The maximum water content is when
soil compaction efforts do not properly consolidate the soil, or when conditions are too wet for
efficient use of the hauling and compaction equipment.

Installation

Installation shall be conducted in a skillful and workmanlike manner. Extreme caution must be
exercised in backfill and compaction around structures or conduits to prevent damage,
movement or deflection. A consistent homogereous fill is necessary. The installation shall be



done with proper moisture content and with adequate mixing of the soil materials to accomplish
this.

General

Construction operations shall be carried out in such a manner and sequence that erosion and air
and water pollution will be minimized and held within iegal limits.

The completed job shall present a workmanlike appearance and shall conform to the line, grades.
and elevadon shown on the drawings or as staked 1n the field.

All operations shall be carried out in a safe and skillful manner. Safety and health regulations
shall be observed and appropriate safety measures used.
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Appendix C

Tllustration for Calculation of Hydraulic
Gradient for Compacted Liner

From drawing below, define terms as follows:
H = Head of water in lagoon
d = Thickness of liner

D = Distance from datum to bottom of liner

Water Su “ace

.4

To determine the hydraulic gradient across the ciay layer:

Hydraulic gradient is defined as the energy loss across the layer, or between points 1 and 2
on the drawing.

E = Total engery head = Pressure head + Elevation head + Velocity head

At point 1 E=H+W@+D)+0
At point 2 E=0+D+0

The difference then,
=H +d orh (see figure 1)

Therefore the hydraulic gradient is the energy loss (H + d), divided by the length of the
flow path, d

i=(H+d)d orh/d



Appendix D

Statistical Data for Group
Permeabilities



Appendix D

Statistical Data for Group Permeabilities

As a result of doubling the size of our database since Technical Note 716 was issued in 1990, the
statistical results for each Group were re-evaluated.

Histograms for Group I, II, IT], and IV soils compacted to various percentages of their ASTM
D698 dry densities are shown in Figures 1-6. The ordinate scale for the histograms is the
number of observations and the abscissa scale is log;o of the permeability rate in cm/sec. The
log scale was selected due to the scalar effects caused by the wide variations in permeability
encountered. Representative data are shown in Table 1. Mean values were deemed to be more
representative than average values since the data does not fit a normal distribution pattern.

Table 1 - Median permeabilities by group and percent compaction?

Soil Group Percent of Nur.:ber of Median K Median K

ASTM D698 Observation (cm/sec) (fpd)
Dry Density

1 All 32 6.6x104 1.9x10°

II 90 37 1.8x10-0 5.0x10°3

I 95 27 1.2x10-¢ 3.5x10-3

III 85 20 3.5x10-° 1.0x10-3

111 90 101 6.5x10/ 1.8x10->

IV 85 ----2 ---- o

IV 90 17 4.0x10°7 1.1x10-2

1 Data from actual laboratory permeability tests made by the Soil Conservation Services
Laboratories in Fort Worth, TX and Lincoln, NE.

2 Insufficient number of observations to calculate meaningful statistical relationships.

The Group II soils had a median permeability of 1.8x10-6 cm/sec when compacted to 90% of
their maximum ASTM D698 dry unit weight. The median permeability for these soil decreased
to 1.2x10-% cra/sec when compacied to 95% of their maximum ASTM D698 dry unit weight.
However, almost half (14 out of 27) of the observations were greater than the acceptable value
of 1.25x10% cr/sec.

The Group I soils had a median permeability of 6.5x10-7 cm/sec when compacted to 90% of
their maximum D698A dry unit weight. Approximately 75% (74 out of 101) of the observations
in this Group were less than 1.25x10-6 cm/sec, For the same degree of compaction, the Group
IV soils had a median permeability rate 4x10-7 cm/sec.
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Figure 1- Histogram of Log,, Permeability (cm/sec) for
Group 1 Soils at All Densities
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Figure 2 - Histogram of Log,, Permeability (cm/sec) for
Group 2 Soils at 90 percent Maximum Density
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Figure 3 - Histogram of Log,, Permeability (cm/sec) for
Group 2 Soils at 95 percent Maximum Density

N
<

N
o

-y
5

no. Of Observations
Py
o

$)

9 -85 -8 75 -7 65 -6 55 -5 -45 -4 .35 -3 -25 -2
Log,, Permeability (cm/sec)
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Figure 4 - Histogram of Log, , Permeability (cm/sec) for
Group 3 Soils at 90 percent Maximum Density
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Figure 5 - Histogram of Log,, Permeability (cm/sec) for

Group 3 Soils at 85 percent Maximum Density
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Figure 6 - Histogram of Log , Permeability (cm/sec) for
Group 4 Soils at 90 percent Maximum Density
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