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2 RESPONSES TO JANUARY 23, 1990 REVIEW
7 OF APPLICATION FOR SOLID WASTE
OPERATIONS PLAN APPROVAL BY THE
SOLID WASTE UNIT
PART 1
ENGINEERING MASTER PLAN

Section

2.2 Pursuant to A.R.S Title 49 Section 767B., written verification

by the applicant is required to verify that the entire site does

® not have grandfathered irrigation rights pursuant to A.R.S.
Title 45, Chapter 2, Article S.

Attachment 1 includes three letters that establish that the site
® does not have grandfathered irrigation rights.

2.3 The Conditional Use Permit issued by the City of El Mirage

for the facility requires additional improvements for EIl

PY Mirage Road. Is paving of the El Mirage Road required? If
not, a description of methods used to provide an all weather

access road which will not create a dust problem is needed.

» The additional improvements consist of widening the prasently
paved El Mirage Road as shown on the enclosed figure prepared
by HNTB (Attachment2). In addition, two lanes of El Mirage
Road from Olive Avenue to Northern Avenue will be repaved

Py : with a new 3-inch asphalt concrete surface. The widened lanes
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will be paved. No dust problem will be created since the access
road to the landfill will be paved through the entrance facilities.
Roads from the entrance facilities to the disposal areas will be
surfaced with crushed rock and watered daily to avoid dust
problems.

2.4 The location of the 100-year floodplain and the integrity of
the flood control dike to protect the site from washout is
required to be approved or permitted by the appropriate
flood control agency prior to ADEQ approval. A copy of the
formal approval or permit will be required as part of the
application. Also, verification is needed regarding the
appropriate local flood control agency designated by the
Federal Emergency Management Agency (FEMA).

The plan to install bank protection features within the 100-
year floodplain may result in the need to obtain approvals
pursuant to Section 401 and 404 of the Clean Water Act.
Written verification is needed regarding whether such
approvals are not required or are required and, if so, a copy
of required approvais is needed as part of the application
prior to ADEQ approval.

Arizona Revised Statutes §48-3601, et seq. (specifically A.R.S.
§48-3610) provides that floodplain management duties "may be
assumed by the governing body of an incorporated city or town
within its area of jurisdiction if the incorporated city or town
declares by resolution that it intends to assume the powers and
duties, including the adoption of floodplain management regula-
tions, pursuant to this article.” The City of El Mirage has as-
sumed floodplain jurisdiction. Attachment 3 includes copies of
the relevant El Mirage resolution and a letter from the Flood
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*® Control District of Maricopa County indicating that the County's
flood control files are being transferred to the City of El Mirage.

A permit has been obtained for the site pursuant to Section 404
o of the Clean Water Act (copy included in Attachment 3).

The Comps of Engineers, Los Angeles District, Regulatory
Branch, has stated that a Section 401 Certification is not neces-
® sary in this instance.

3.2.1a Information is needed on whether the soils at the on-site
facilities (Union Rock & Material Corporation) have been
® tested for petroleum hydrocarbon content to determine If
state action levels (Total Petroleum Hydrocarbons 100 ppm)
have been exceeded. Information Is needed on whether the
facility/site has underground storage tanks abandoned or In
e use?

The soils of the Union Rock & Materials Corporation (UR & MC)
facilities were sampled and analyzed in February 1989 as
® reported in the Final Environmental Regulatory Compliance
Evaluation Report prepared by SCS Engineers and submitted to
UR & MC on April 3, 1989 (see Attachment 4). Ten borsholes
adjacent to various buildings, tanks, and areas with soil staining
® were drilled and sampled. Soil samples from each borehole
were analyzed for total petroleum hydrocarbons (TPH). One
sample contained TPH exceeding the 100 mg/kg state action
level. This sample, B-3-0, which contained 40,000 mg/kg, was
- obtained at the ground surface from a borehole located 5 feet
north of the burner oil tank of the asphalt plant. UR & MC has
developed and will implement a remediation plan for this area.
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Contaminated soils found on site could be used as part of the
daily and intermediate cover materials, but will not be used as
part of the soil component of the liner system.

The UR & MC facilities include the following underground tanks
which are not in use and which will be removed and disposed of
in accordance with applicable regulations:

+ One 12,000-gallon diesel fuel fiberglass tank in the
heater/dryer burner plant

+ Two 10,000-gallon diesel fuel steel tanks in the fueling
facility

+ One 4,000-gallon gasoline steel tank in the fueling facility

3.2.1b (1) Information is needed on whether the soils beneath the
existing settling ponds or the abandoned settling ponds
have been tested for moisture content or contamination at
depth. Of concern is the question of whether the soils hav-
ing a high moisture content, will create a problem when an
impermeable liner is placed over them. (2) Could this resuit
in the creation of a solar still, which may cause vapor
entrapment and the ballooning of the liner material and
require venting?

No exploration was conducted to test the soils beneath the set-
tling ponds. However, soils adjacent to them were explored by
drilling several borings. The moisture content of soil samples
collected in these borings was estimated visually and is recorded
on the corresponding boring logs. No soil samples from these
borings were tested for contamination since no evidence of deep
contamination exists or is suspected.
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® Since the soils beneath the settling ponds will be removed during
excavation for the disposal modules and the geologic environ-
ment of the site is not conducive to the occurrence of gases,
ballooning of the liner material is not anticipated. The time

® needed to prepare the excavated surface for liner placement
would allow soil moisture to evaporate in the arid Arizona cli-
mate. The moisture in the soil component of the composite liner
will not be sufficient to cause that effect.

3.24 The inactive well which will be within refuse model 1 will
need to be abandoned per the Department of Water
Resources requirements. ADEQ would recommend a con-
o tinuous cement grouting when abandoning the well. The
well (W-2) abandonment procedures and certification of
abandonment will need to be submitted to ADEQ before
approval to operate.

The well will be abandoned by installing a continuous cement-
bentonite slurry grout. This abandonment will occur shortly after
permit approval along with the proposed monitoring well installa-

@ tions. The well abandonment notification, abandonment proce-
dures, and certification of abandonment documentation accord-
ing to Arizona Administrative Rules and Regulations Title 12,
Chapter 15, Article 8 - Well Construction and Licensing of Waell

® Drillers (specifically R12-15-816) will be submitted to the Arizona
Department of Environmental Quality (ADEQ) as well as the Ari-
zona Department of Water Resources (ADWR).
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3.5 The values as stated in the application for the 100-year flood
event in the Aqua Fria River, 99,000 cfs currently and 33,000
cfs with the new Waddell Dam in operation, need to be ref-
erenced as to the information source.

Current 100-year Agua Fria flows in the vicinity of the proposed
landfill were established by the 1989 Flood Insurance Study pre-
pared by Jerry R. Jones & Associates for the Flood Control Dis-
trict of Maricopa County. This study indicates that the current
100-year flow at Olive Avenue is 98,780 cfs. The post New
Waddell Dam flows have not been finally established. Informa-
tion from a preliminary study prepared by the Corps of Engineers
entitled "Hydrology for Evaluation of Flood Reduction by New
Waddell Dam: Agua Fria River Below New Waddell Dam to the
New River Confluence,” September 1988, indicates that
100-year flows in the vicinity of the landfill are estimated to be
33,000 cfs. This reduced flow has not been used for design pur-
poses, but is noted so that reviewing agencies will understand
that the design proposed for current 100-year events will greatly
exceed the required design for future 100-year events.

The following details flows at various locations along the Agua
Fria river as computed for present conditions by the Corps of
Engineers in 1984 and by Jerry R. Jones in 1989.

1. Corps of Engineers - 1984 - HEC-2 output data from computer

printout obtained from Flood Control District of Maricopa
County (FCDMC), dated 19 March 1984.

PJ3 3721501J.00W 2-6 Rev. 5 July 24, 1990



Cross-Section
No.

16.58
16.291

15.823
15.647
14.501
13.554
12.470
12.357

Location

Qo0 Cfs

1,056 ft. upstream (u.s.) from Grand 108,205
1,340 ft. downstream (d.s.) from 77,775

Grand (Main Channel Only)
1,470 ft. u.s. from Cactus
540 ft. u.s. from Cactus
350 ft. u.s. from Peoria

600 ft. u.s. from Olive

270 ft. u.s. from Northern
320 ft. d.s. from Northern

107,775
105,600
102,500
99,000
96,150
95,800

2.Jerry R. Jones (JRJ) study for FCDMC (FEMA study) HEC-2
model output dated 29, January 1989, obtained from FCDMC via

JRJ.

Cross-Section
No.

16.72
15.61

15.42
14.47
13.34
12.38
12.27

Location

1,800 ft. u.s. from Grand
1,200 ft. u.s. from Cactus
(Main Channel Only)

200 ft. u.s. from Cactus
600 ft. u.s. from Peoria
at u.s. side Olive

175 ft. u.s. from Northern
315 ft. d.s. from Northern

Q1 00 cfs

106,742
83,181

102,650
98,780
98,780
95,540
95,540

4.0a A detailed description of acceptable and unacceptable
wastes for receipt at the landfill is required for the approval
of the operation plan (similar to operation plan for BFl trans-
fer station), especially for special wastes such as tires,
asbestos, contaminated soils, incinerator ash, infectious
waste, sewage sludge, household liquids and household
hazardous wastes.

The Cholla Landfill will accept the following wastes:

- Residential wastes consisting of household garbage and trash.

PJ3 3721501J.00W
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» Commercial and Industrial wastes consisting of nonhazardous
solid wastes such as packaging materials, trash, used prod-
ucts (tires, etc.) and manufacturing wastes.

* Yard wastes

« Construction and demolition debris such as wood, concrete,
asphalt and soil.

« Dewatered sewage sludge

+ Asbestos in DEQ approved plastic bags or containers and in
properly moistened and covered bulk shipments. (Asbestos
wastes will be immediately buried in prepared pits and covered
with a layer of other wastes or soils).

+ White goods

Unacceptable wastes are listed below.

« Commercial compressed gas cylinders

* RCRA hazardous waste

+ Infectious waste

* Bulk liquid waste

« Qil-field drilling fluids

- Radioactive wastes
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® 4.0b A description of materials which will be recycled at the
| facility and methods used for proper sanitary controls so as
} not to create a public nuisance is required. Will the con-
\ tainer for recyclables be protected from the weather and will
® recycling activities be managed by on-site personnel?

Materials to be recycled at the citizen drop-off facility will be
white goods, metals, paper (newsprint, high grade paper, mixed

@ paper), cardboard, plastics, and glass. There will be weather-
proof containers for specific recyclable materials.

Separate weatherproof containers will be provided for aluminum,
P ferric and other metals, newsprint, glass and plastics. The con-

tainers will be emptied when they are filled or at least once each

week. The recycling area will be policed daily to control litter.

® The recycling activities will be managed by the District Landfill
Manager who is located on site.

4.0c The concrete and asphalt which will be recycled from the
® waste stream will have to be stockpiled or incorporated into
the landfill operations immediately. If the material is to be
stockpiled, an area set aside for initial stockpiling will need
to be included in the plans.

The concrete and asphalt to be recycled will be stockpiled and
used on interior roads. An area set aside for initial stockpiling is
included in the plans (see revised Drawing No. 2, enclosed).

® The stockpile will not be larger than about 3/4 acre and will not
exceed 15 feet in height.
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5.8 More detail is required for the temporary sumps which are
to be used to accumulate run-off from within the active dis-
posal cells so the water does not come in contact refuse fill
(working face). At what frequency will these drainage fea-
tures be installed and maintained? How will they be
designed and installed?

The base of the landfill is 80 to 110 feet below the original
ground surface. Until the landfill module has been filled to above
the original ground surface the runoff from precipitation that falls
directly on the fill module will have to be collected and pumped
from the module. To collect the runoff temporary drainage
sumps will be provided in each active module or on the floor of
the adjacent partially excavated module. Runoff from excavation
side slopes and the soil covered refuse, that has not been con-
taminated by contact with the refuse, will drain to a sump. Each
sump will be designed with the capacity to contain the computed
runoff from a 2-year, 24-hour storm. Each sump will be
equipped with a pump sized to provide rapid discharge of the
sump water to a sedimentation basin at the ground surface.

Where a sump is located over a soil covered lift of refuse any
leakage from the sump that percolates through the underlying
refuse will be collected in the leachate collection system above
the base liner and drained to the double lined leachate sump.
Any leachate collected in the sump will be recirculated through
the landfilled wastes or disposed of at a publicly owned sewage
treatment works (POTW).

The sumps will be inspected and necessary maintenance per-
formed prior to the summer and winter peak rain periods, and
after major rainstorms. Low berms situated to deflect surface
runoff around the active working face also will be constructed at
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L this time. These drainage control berms will be extended or
relocated as necessary to divert runoff around the wastes
exposed on the working face.

® A vector/mosquito abatement program will be implemented if
water remains in a sump for a period longer than 3 days.

A small working face (about 200 feet wide) will be active at any

* given time. Rain water falling on the active working face will be
collected by a continuously maintained berm within the working
face area and will be treated as leachats, i.e., it will be recircu-
lated through landfilled wastes or disposed of ata POTW.

@

5.10.2  Will on-site materials be capable of obtaining a horizontal
hydraulic conductivity of 1 cm/sec which Is specified for the
leachate collection drainage layer. Documentation needs to

& be provided that the hydraulic conductivity specified can be

obtained.

The leachate collection system should not allow for leachate

Y to obtain depths of greater than one foot on top of the
geomembrane except in the double lined collection sumps.
Documentation needs to be provided that the combination
of the drainage layer hydraulic conductivity value; drainage

® layer slopes and distance between drain pipes, will not
allow leachate to accumulate and exceed one foot depths on
top of the geomembrane.

® Clean gravels or clean coarse sands from on-site material will be
processed to have hydraulic conductivities of 1cm/sec or
greater. Attached is a figure from "Design Manual - Soil
Mechanics, Foundations, and Earth Structures” NAVFAC DM-7,
® : March 1971, documenting that clean fine gravels and clean
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coarse sand materials have hydraulic conductivities of 1 cm/sec
or greater (see Attachment5). Curves for materials currently
produced by the El Mirage plant of Union Rock & Materials Corp.
are plotted on the graph and show that appropriate materials are
available on site. A QA/QC program will be developed to confirm
the permeability of materials used in the leachate drainage layer.

The leachate collection system is normally designed with the
capacity to carry twice the estimated annual leachate production
rate as determined by the HELP-2 Model, with a maximum head
build-up on the liner of one foot. Due to the low rainfall in the
area of the Cholla landfill the HELP-2 Model indicates a very low
rate of 0.0001 in/yr for percolation of precipitation through the
4-foot thick final landfill cover soil. For the operational phase, the
model indicated a percolation rate of 0.0128 in/yr. Using twice
the higher of these rates as a basis for the leachate collection
and removal system (LCRS) design would indicate an unreason-
ably wide spacing of collection pipes. Therefore, a nominal col-
lection pipe spacing of 400 feet was selected and analyzed for
maximum head over the liner at twice the calculated operational
phase percolation rate (0.0256 in/yr). The calculated maximum
head was less than 0.1 foot indicating a very large excess
capacity in the LCRS design. Calculations are presented in
Attachment 6.

5.11.3 With the facllity design incorporating a composite liner and
a low permeability soil final cover, the methane gas which
may be generated at the facility will have no method of
escape from the filled areas without affecting the integrity of
the liner or final cover. A contingency plan needs to be
developed to monitor explosive gas build-up within the
filled areas to either show that the gas Is not creating prob-
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@ lems or giving detailed methods to be used for corrective
actions if the gas presents a problem.

Landfill gas produces low levels of pressure that will cause the

o gas to slowly permeate through cover soils. In wet climates,
pressures of 12 to 20 inches may occur below the cap when the
cap soils are wet clays. However, lower pressures will exist
beneath the cap with lower moisture content and higher cap

. permeability. Testing of the clay-lined and capped Yolo County
landfill (near Sacramento, California) which is located in an area
having 16 inches or twice the Phoenix average annual rainfall,
yielded static gas pressures beneath the clay cap of 1 to

*® 6 inches!, prior to installing a gas recovery system. In drier cli-
mates, such as Arizona, pressures would be less than those
measured at the Yolo County landfill.

L Ruptures of cap soils due to gas emissions have occurred only
occasionally and have been due to high gas generation rates,
where the refuse has a high moisture content, and where the
cover consists of a wet low permeability clay (permeability less

® than 108 cm/sec.)?.

Due to the dry Arizona climate, low initial moisture content of the
placed refuse, and the moisture content of the soil cover of

® intermediate permeability, the landfill gas will not be capable of
exerting high pressures. The gas will therefore be able to slowly
permeate through the soil without rupturing the cover.

® Methane monitoring probes will be installed at 1,000-foot centers
along the site perimeter to detect the presence of methane if it

1. Landfill Methane Recovery Assessment, Central Landfill, Yolo County, California,
EMCON, November 1983.

o 2. personal communication, St. Johns Landfill, Portiand,, Oregon.
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escapes beneath the site. A methane control system consisting
of extraction wells, collection and header piping, and a methane
treatment/processing facility will be designed and installed. The
treatment/processing facility will be either a flare or a recovery
facility and will satisfy environmental protection standards as well
as all state, federal and local air regulations applicable at that
time. This system installation will start within three years after
reaching final grade in Module 1, and will continue as the fill is
completed.

5.12 The actual calculations and assumptions used to arrive at
the values used for Q, and Q, in the EPA risk-based algo-
rithm equation need to be shown as the references cited do
not contain the values used. In this section the values
obtained from the risk-based algorithm method are not cru-
cial for the review process, however, the values obtained
are cited in the liner reliability section which is crucial in the
review process.

The proposed Cholla landfill has been designed with a liner and
a leachate collection and removal system (LCRS) even though
leachate generation is calculated to be low because the site is
located in a dry desert environment with low annual precipitation.
In addition, depth to the ground-water table under the site is in
excess of 250 feet. The calculations using the HELP-2 model
indicate that small amounts (0.0001 inch per year) of rainwater
may infiltrate through the final cover and be potentially available
to generate leachate. For leachate to be formed due to rainwa-
ter infiltration, the assumption would have to be made that the
refuse has no absorptive capacity left, thus further having to
assume that rainwater infiltrated through the final cover reaches
the base of the landfill and is, by definition, leachate. The EPA-
proposed risk-based algorithm was used to evaluate the impact
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® of this potentially generated leachate on the underlying aquifer it
no liner and no LCRS were included in the design. This method,
presented in the proposed Subtitie D regulations (Federal Reg-
ister, Vol. 53, No. 168, August 30, 1988, pp.33356-33365)

e involves calculating the ground-water carcinogenic risk level at
the point of compliance (which is assumed to be at the site
boundary). EPA proposed that a design would be acceptable if
the excess lifetime risk cancer level due to continuous lifetime

® exposure was inthe 1 x 104 to 1 x 1077 range.

The calculated risk was 1 x 10°10 or several orders of magnitude
below the above values. The calculations and assumptions pre-

L4 sented in the Application for the predicted rate of leachate
release, Qr, and of the ground-water flow rate under the site,
QA,, are presented below.

® The values of Qg and Qp were calculated as follows.

Qpg, the predicted rate of leachate release to the uppermost
aquifer, was calculated using the results of the Water Balance
® Calculations presented in Appendix I-D of Part 1 of the Applica-
tion. The calculations were made using the EPA HELP-2 simu-
lation, which predicts a percolation rate of 0.0001 in/yr through
the final cover. It was then assumed that no attenuation of
® leachate occurs as a result of the absorptive capacity of the
refuse or the 185-foot thick soils separating the base of the land-
fill from the aquifer. The area of the completed landfill,
175 acres, was used for this computation, as follows:
i #2
Qr=0. 0001 x 1 1-2—-— x 175 acre x 43,560 1= X

748-9%- 47531
#
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- gal -3 m3_ m3
=475 v x 3.7854 x 10 W_‘I.BOW

Note 1: Due to an error in the conversion of units (using Imperial instead
of U.S. gallons) the value in the Application was reported as

3
m
2.16)7

Note 2: This analysis is conservative because the release rate calculated
here assumes that all moisture passing through the final cover
also enters the aquifer. In reality, this would not happen since
the liner and leachate collection system would intercept any
liquid.

Qp, the ground-water flow rate of the uppermost aquifer under
the site, is calculated on the basis of transmissivity data pre-
sented by Eaton et al. (1972) and Long et al. (1982). Long et al.
data are presented on Table 2 of Part 2 of the Application. From
this Table an average value of transmissivity of 50,000 gal/day/ft
was calculated for the aquifer underlying the site area. This
value was used as follows:

Qa=Txwxi Equation (1)
Where
T = transmissivity

w length of base of landfill excavation (assuming that the
leachate is released at the downgradient edge of the prop-

erty, coinciding with the point of compliance, POC)

hydraulic gradient

The length of the excavated base of the landfill is 4,400 feet and
the hydraulic gradient of the ground-water table (as depicted on
Figure 9 of Part 2 of the Application) is approximately 0.015 av-

PJ3 3721501J.00W 2-16 Rev. 5 July 24, 1990



® eraged over a 1-mile distance through the center of the site
(west half of Section 36 and east half of Section 35).

Substituting in Equation (1)

*® 3
A als -3.m ft
Qp =50,000 ay x 3.7854 x 10 gal x 3.281 =X 4,400 ft x
m day
0.3048 - X 0.015 x 365 vr
2 6m°
& =4.56x 10 yr
Note 2: The value in the Application (1.4 x 108 m3/yr) was erroneously
derived from a flatter hydraulic gradient which did not consider
b the impact of ground water overdraft west of the site.
These Qp and Qg values have a slight impact on the risk calcu-
lation, as shown in the following:
]
The EPA risk algorithm is
R =4.5x 104 (Qg/Q,) x e(TOT)(-0.029)
o
where TOT, time of travel (in years) for leachate in the aquifer
from the unit boundary to the compliance point (POC) is equal to
0 (since the POC and the unit boundary are assumed to be coin-
® cident in this analysis).
Substituting in the risk equation
® R=45x104(1.80/4.56 x 106) x 1 = 1.78 x 10°10
The calculated value for R presented in Section 5.12 of Part 1 of
the Application is 6.9 x 10-10, The new value is more conserva-
®
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tive than the value above. Therefore, this new value confirms
the validity of the liner reliability section presented in
Appendix |I-E of Part 2 of the Application.

Although the calculated risk is much lower than what EPA con-
siders acceptable for unlined sites, BFI considers it prudent to
include a composite liner in the design.

6.1a The inspection of incoming waste loads for hazardous
materials by the gate/scale personnel needs to be further
explained. Will there be several employees at the scale
house with various job functions, or will there be a dedi-
cated trained employee at the scale house? Will incoming
loads be required to be covered? If so, how could scale
house personnel visually inspect?

BFI uses a system approach for monitoring incoming loads. This
system consists of (1) visual inspection, (2) television camera
surveillance (at the gatehouse), and (3) radiation detection scan-
ning (at the gatehouse). This system is reinforced through long-
established employee training programs aimed at identification of
unauthorized waste. It is also reinforced by stiff warnings (see
6.5.7) to customers who use the site, required manifests for spe-
cial wastes, and a reputation for denial of disposal privileges to
those who attempt to circumvent disposal policies.

Visual inspections are carried out both at the entrance and at the
working face. At the gatehouse, attendants inspect the surface
of loads particularly for evidence of closed containers and liquid
wastes. Because covered or enclosed loads (packer trucks)
cannot be readily inspected in the truck they will be observed by
spotters and equipment operators as the wastes are unloaded at
the working faces.
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® All loads will be required to be covered. Loads coming in vehi-
cles of familiar customers will typically be allowed to proceed to
the working face for inspection. Loads of unfamiliar customers
will be inspected both at the entrance and at the working face.

L
All vehicles carrying unacceptable waste will have the entire load
rejected. Even if an unauthorized load is deposited at the work-
ing face, it will be removed by the operator and returned to the
] customer or taken to an authorized facility at the customer's

expense.

6.1b The public tipping containers should be unloaded at the end
@ of the working day even if not full. The waste should be
compacted and covered daily.

| Comment noted. The public containers will be unloaded daily at
® the end of the working day. The waste will be compacted and
covered daily.

6.2 When a refuse fill module has been completed and will not
® receive waste for at least 180 days, intermediate soil cover
of 12 inches should be applied within 30 days of completing
the module.
o Comment noted. Twelve inches of intermediate soil cover will be

placed over refuse in any module within 30 days of completing
the module, if the module will not receive waste for at least

180 days.
®
6.5.5 A more detailed discussion of available fire fighting equip-
ment is necessary. This includes information on the closest
fire hydrant to the facility which is connected to the El
® Mirage water main and is the closest hydrant able to be uti-
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lized at the landfill facility by city fire fighting personnel.
What is the amount of water to be stored at the facility avail-
able for the fire fighting and will city personnel be able to
utilize it?

The closest fire hydrant to the facility is located on El Mirage
Road 1 mile north of the site. It will be available to the City of El
Mirage volunteer Fire Department, who will service the site.

10,000 gallons of water stored permanently on site, primarily for
dust control, will be available for fire fighting by site personnel as
well as by the city's Fire Department.

Fires in landfill wastes will be controlled by smothering the
flames with soil using a bulldozer. The burned wastes will then
be separated from other wastes, spread on the soil-covered
landfill or natural ground surface, and sprayed with water as
necessary to extinguish any embers or smoldering materials.
The burned materials will then be reburied in the landfill, after
they are completely extinguished.

6.5.7 Information needs to be provided on proposed language for
entrance signs and warning signs. Placement and size of
the signs shall conform to the requirements of the El Mirage
Zoning Ordinance.
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® The proposed language for the entrance sign is as follows:

« Cholla Sanitary Landfill |
| ‘
| « Operated by Browning-Ferris Industries of Arizona

@ |
| » Open to the public Monday - Friday from dawn to dusk and }
' Saturday !
‘ until noon. ‘
| - Closed Sunday, New Years Day, Thanksgiving and Christmas 1

® : |

Two warning signs are proposed with the first as follows:
@ WARNING

Transporting any unauthorized waste to this facility for dis-
® posal is prohibited by law. Persons violating this prohibition
are subject to civil and criminal prosecution.

| Examples of materials which are NOT permitted in the Cholla
) | Sanitary Landfill include (but are not limited to): Automobile
Batteries, Compressed Gas Cylinders, Hazardous Waste,
Infectious Waste, Liquid Waste, Qil-Field Drilling Fluids,
Pharmaceutical Wastes, Radioactive Wastes, Septic Tank

® Pumpings. These wastes require special handling.

The second warning sign will read as follows:

ABSOLUTELY NO SALVAGING

ALL CHILDREN AND ANIMALS MUST REMAIN IN VEHICLE
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Placement and size of the signs will conform to the requirements
of the El Mirage Sign Code Ordinance 35-003.

6.9 A proposed organizational chart needs to be provided
regarding the employees responsible for on-site activities
along with a brief job description for each job classification.

A proposed organizational is included as Figure 1.

The Regional Manager, headquartered in San Jose, California, is
responsible for all aspects of the operation. He is assisted by an
Environmental Compliance Manager, also headquartered in San
Jose, California, who is responsible for all technical aspects of
environmental monitoring and compliance.

The following lists the initial operations minimum and probable
maximum number of employees responsible for on-site activities
and describes their duties.

District Landfill Manager (1) - responsible for all of the opera-
tions; main contact with regulatory agencies; has supervisory
authority over all site employees.

Heavy Equipment Operators (3-6) - responsible for operating the
landfill equipment (dozer, compactors, scraper, grader, loader)

Site Mechanics (1-2) - responsible for servicing the landfill
equipment

General Laborers (2-5) - responsible for spotting loads, control-

ling landfill traffic, providing litter control and inspecting for haz-
ardous materials at the working face.
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® Gate House Attendants (1-3) - responsible for collecting fees,
visually inspecting loads for hazardous materials through a video
system, recording unacceptable loads

o Accounting Manager (1) - responsible for keeping books, paying
bills

| 6.11 Any change, modifications or other deviation from approved

® plans will require written approval by ADEQ before

implementation.

Comment noted. BFI will submit any substantial changes, modi-
| fications or deviations from approved plans to ADEQ for approval
before implementation.

7.3 It appears that the gas monitoring probes will be outside the
® perimeter 6 foot chain link perimeter fence. What method(s)
will be used to protect these monitoring probes from being

struck by a vehicle or vandalized, besides the locking cap.

® Could the gas monitoring probes to be installed along the
flood control dike also be used as neutron monitoring wells
to determine if wetting fronts may be moving through the
dike towards the landfill? If not, some type of vadose zone
o monitoring should be established along the east side of the
facility to determine if surface water from the Agua Fria
River is seeping through the west bank which may affect the

tacility.
o
The gas probes will be located adjacent to landscaped berms
and out of the perimeter maintenance road where vehicular
damage is unlikely. The 8-inch steel surface casing set in con-
® crete and lockable steel cap is reasonable protection. In any
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case, if damage to the gas probes occurs, it will be promptly
repaired.

The gas monitoring probes to be installed along the west bank of
the Agua Fria River could not be used as neutron monitoring
wells for several reasons: (1) neutron probes require casing with
a minimum of 2inches in diameter and the gas monitoring
probes are 1 inch in diameter; (2) the neutron probes would be
measuring the hydrogen content of the 1-inch PVC casing rather
than the soil moisture nuclei; (3) neutron probe casing has to be
aluminum for calibration purposes; (4)the presence of the
12-volt detector within a possible methane gas environment;
(5) neutron probes should not be installed within a backfill since
under this installation only moisture content of the backfill is
measured.

As indicated in the unsaturated ground-water flow modeling for
the river bank area and the subsequent confirmation laboratory
hydraulic conductivity and moisture retention data (see Attach-
ments 7 and 8), an advancing moisture front or saturated condi-
tions would not impact the proposed landfill excavation area
under the most conservative conditions as indicated by cross-
section No. 9 in the northern part of the site. The modeled
moisture front does not come closer than 100 feet (horizontally)
to the proposed excavation lined slopse.

8.3 Will the wastewater from the ancillary facilities be con-
nected to city sewer or will a septic system be installed? If
a septic system is to be installed, please provide details of
the septic system including size of septic tank(s), locations
of tank(s) and leach lines or seepage pits and estimated
wastewater flows. Will the maintenance building have floor
drains and will these drains be connected to the septic sys-
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® tem/city sewer and will an oil-water separator be
incorporated.

A septic system will be installed to handle wastewater from the
o ancillary facilities. Wastewater will be generated at two loca-
tions: the landfill office and the equipment maintenance building.
Proposed staffing and related estimated wastewater discharges
are as follows (Table 1, Engineering Bulletin No. 12, ADEQ,

® June 1989):
« Landfill office - 6 employees at 25 gpd = 150 gpd
o « Equipment maintenance building (w/showers) -
15 employees at 35 gpd = 525 gpd
o Total Estimated Wastewater Discharge 675 gpd

Using a design safety factor of 1.6, the total design flow will be
1,080 gpd. Consequently, the septic tanks will be sized to

® accommodate this flow. If more than one septic tank is used the
minimum tank capacity will be 960 gallons (as recommended in
Engineering Bulletin No. 12, PartIV, page 24 [ADEQ, June
1989)).

The septic tank and leach field will be located immediately east
of the maintenance building and designed to the requirements of
the City of El Mirage and Maricopa County Health Department.
® Borings and percolation tests will be made to confirm the suit-
ability of the selected leach field area and to establish design
parameters as specified in Engineering Bulletin No. 12, ADEQ,
June 1989. A copy of the design report and permit application to
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the City of El Mirage and Maricopa County Health Department
will be forwarded to the ADEQ.

The septic tank and leach field will be located away from the
edge of the landfill modules and be at least 100 feet from the
composite liner system.

The maintenance building will have floor drains and will incorpo-
rate an oil-water separator.

10.4 Depending on the sampling results of the first 30 years of
post-closure monitoring of groundwater and methane, the
state may extend post-closure monitoring past the initial
30-year period. Perpetual care maintenance may be
required for the site to keep it from causing a public nui-
sance or environmental hazards. A notation on the deed to
property shall be required which shall state that the land
has been used as a landfill for municipal refuse.

Comment noted.

10.5 Closure and post-closure costs will need to be updated
yearly to reflect cost in current dollars (inflation adjust-
ments) and changes to facility plans or operations which
may increase the closure and post-closure cost estimates.

Comment noted. Closure and post-closure cost estimates will be
revised yearly.

Appendix I-B Geotechnical Engineering and Slope Stability

A Quality Assurance and Quality Control (QA/QC) Plan will need to
be developed for installation of the composite liner, leachate collec-
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) tion system and operational soil layer placement. The QA/QC plan
should include the following at a minimum:

- Sampling frequency and testing methods used to
determine that the soil liner hydraulic conductivity in
place will meet the 1 x 10-6 cmy/sec criteria.

- HDPE liner field seaming methods and testing
requirements.

« Methods for applying the drainage blanket over the
PY HDPE liner.

- Methods for seaming the geotextile.

« Methods for applying the one foot thick soil opera-
tions layer cover.

i. Will a geotextile be used between drainage layer material (gravel)
and the HDPE liner to protect the liner from rupturing by the gravel
material?

How and when will the 2 foot thick soil operations layer be applled

® directly over the HDPE liner on the side slopes? Will this soil layer,
(on the side slopes), exceed the friction angle between the soil and
liner interface especially on the 2:1 (H:V) slopes?

Will a geotextile material be used between the primary soll liner and
0 leak detection sump gravel layer (see Drawing 7 Detall 13)?

The QA Procedures for Earthwork Construction at Cholla Sanitary Landfill
are presented as Attachment 10. QA/QC testing frequencies for geosyn-
thetic materials are described in the QA Procedures for Synthetic Con-
tainment System Construction presented as Attachment 11.

If material larger then 1/2 inch is used in the drainage layer, a cushion

geotextile, or HDPE rub sheet will be used under the gravel drainage

material. If fine-rounded gravel (smaller than 1/2 inch) or coarse sand is

used for the drainage layer, a geotextile will not be needed to protsct the
® liner from rupture by the drainage material.

The 2-foot-thick soil operations layer will be applied to the slopes immedi-

ately ahead of refuse placement adjacent to the slope. As filling pro-

gresses in the cell, the side slope buffer will be placed so that it is a mini-
® mum of 5 feet above the waste.
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Soil will be deposited by scrapers on top of the refuse lift. The scraper will
not get closer than 10 or 15 feet from the side slope to prevent damage to
the HDPE liner. Dozers will then carefully push the soil up the lined slope
so that it is a minimum of 5 feet vertically above the lift (15 feet slope
length). The thickness of the operations layer will be monitored to be no
less than 2 feet (measured perpendicular to the slope).

The friction angle between the operations layer material and the HDPE
liner is greater than the friction angle between the HDPE and underlying
low permeability soil. The operations layer placement method negates
potential concern for liner-operations layer stability.

A geotextile filter layer will be used between the primary soil liner and the
leak detection sump gravel.
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® PART 2
HYDROGEOLOGIC STUDY

3.2.1 Probablistic calculation of ground acceleration stated in this

section indicates that there is a 10 % chance of exceeding

0.004g in a 50-year period. While in Partl it states 10%

® chance of exceeding 0.04g in a 50-year period. See com-
ments for Part | Section 3.6.4.

As stated in Section 3.6.4 of Part 1 of the application, the site lies
in an area with a 90 percent probability that the acceleration in’
rock will not exceed 0.04 g in a 50-year period (Algermissen and
Perking, 1976). Algermissen et al. (1982) indicate that the rock
| acceleration in the site area also has a 90 percent probability of
| not exceeding approximately 0.1 to 0.11 g in a 250-year period
| (which is the same as a 10 percent probability of being exceeded
in that period). The site is located immediately adjacent to the
10 percent of gravity contour on Plate 3 of Algermissen et al.
(1982).

Since Arizona does not have a requirement that stipulates
acceptable seismic design methods, the performance of the
facility under earthquake loading conditions was also evaluated
on the basis of the pending EPA landfill regulations. The pro-
posed 40 CFR Part 258.14 (Subtitle D regulations) specify that
"all containment structures...must be designed to resist the
maximum horizontal acceleration in lithified material for the site.”

These regulations are proposed for "seismic impact zones,”

which are defined as areas "with a 10 percent or greater proba-
bility that the maximum horizontal acceleration in hard rock,
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expressed as a percentage of the earth's gravitational pull (g),
will exceed 0.10 g in 250 years." The proposed landfill site is in
a "seismic impact zone" as defined by the proposed regulations.

The tectonic model used by Algermissen et al. (1982) includes a
magnitude 7.3 earthquake to arrive at a horizontal peak rock
acceleration of about 0.11 g. Due to the site conditions the peak
ground acceleration would also be 0.11 g based on relationships
derived by Seed and Idriss (1982). Using these paramseters
(magnitude 7.3 and 0.11 g peak ground acceleration), an analy-
sis using procedures described by Newmark (1965) and Makdisi
and Seed (1977) was performed to estimate the effects of the
regulatory earthquake on the facility's slopes and its conse-
quences on the containment structures.

The Newmark procedure is based on the assumption that a
slope will move and permanently deform by ground displace-
ments during an earthquake when the yield acceleration is
exceeded. The yield acceleration is defined as the average
acceleration that imparts a horizontal inertial force on a potential
sliding mass so as to produce a safety factor of unity (1.0)
against sliding. The yield acceleration was computed for the
critical sliding surfaces shown on Figures 1B-14 through 1B-18
of Appendix B, Volume | of the Application for Aquifer Protection
Permit and Approval of Solid Waste Disposal Operations Plan.
The permanent displacements were then estimated by compar-
ing the ratio of the computed yield accelerations to the peak
ground acceleration for a 7.5 magnitude earthquake using the
methodology presented in Makdisi and Seed (1977).

The deformation analyses indicated that there would be no per-

manent displacements due to earthquake shaking for the landfill
excavation slopes and final landfill slopes, and that there would

PJ3 3721501J.00W 2-31 Rev. 5 July 24, 1990



() be a total displacement of 1 foot or less for the temporary oper-
ating refuse slopes. Deformations of this magnitude are not sig-
nificant and are not expected to be detrimental to the perfor-
mance of the landfill's liners and leachate collection system.
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Appendix II-A UNSAT-2 Computer Model

This computer model assumes flow is to occur in the vertical plane
® and hydraulic conductivities are based on vertical flow. Conse-
quently, the hydraulic conductivity (Kz) in a vertical direction will be
less than in a horizontal direction (Kx). It is not unusual to find Kz
values that are only one-fifth or one-tenth of Kx values and is the rule
rather than the exception for undisturbed alluvial deposits (Bouwer
e 1978). Aquifers and ground-water basins deposited by flowing water
may also exhibit anisotropy in the horizontal plane itseif, because Kx
tends to be greater in the downstream direction than perpendicular
there to. Such medias then have three-dimensional anisotropy with
principal K axes in the vertical direction, horizontal direction parallel
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to past prevailing stream flows, and the horizontal direction at a right
angle to these flows (Bouwer 1978). Please address how these con-
cerns were or were not incorporated into the computer model and
how they may change the results.

Two of the three sections (7 and 8) that were used to model flows
through the vadose zone beneath the site incorporated a soil/cement
region in the west bank of the Agua Fria River. WiIll the soil/cement
region be incorporated into the design of the flood protection struc-
tures? If so, it should be included in the application. If not, it should
not be included in the computer model.

At the proper modeling scale, the hydraulic conductivity within each layer
can be assumed to be homogeneous and isotropic. However, on the
scale of the thickness of several hundred feet, the hydraulic conductivity is
anisotropic. To see this, consider a square cross-sectional area of a
hypothetical aquifer composed of isotropic and homogeneous horizontal
layers of different hydraulic conductivities, where the ithe layer is ¢ units
thick with hydraulic conductivity, K; and,

n

Zd1 =d

where d is the length of the side of the square cross-sectional area. To
the scale of the length d, the anisotropy is calculated as follows.

For a discharge in the vertical direction,

d

d d
K, + Ky + +

K,

XL.‘Q

For a discharge in the horizontal direction,

K1d1 + K2dz+ Kndn
= d

Ky

As can be seen K, # K,, and so to the scale of length d, the system is
anisotropic.
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® The process of layering by lithological units produces anisotropy, but
within those lithological units, the hydraulic conductivity is considered
isotropic and homogeneous. It should be noted that the anisotropy is also
a function of the wetting front and changes as more and more layers are
exposed to flow. Therefore, the model treats anisotropy in an implicit but
® exact manner.

The grids for each section modeled were constructed to account for the
various layers of material properties encountered. In the simulation, the
hydraulic properties of the materials were assigned from three sources:
® (1) laboratory permeability measurements, (2) in-situ tests in selected
boreholes, and (3) published ranges of saturated hydraulic conductivity
based on soil texture (Maddock et al., 1989a).  Subsequently,
14 undisturbed cores taken from boreholes SHC-5 and SHC-22 near Sec-
tion 8 and from borehole SHC-9 near Section7 were analyzed by
o Daniel B. Stephens and Associates to determine values of hydraulic
conductivity and the moisture retention characteristics. These data indi-
cated that the estimated values used for the simulation were conservative
(Maddock et al., 1989b, see Attachments 8 and 9). By assigning hydraulic
properties to individual layers in the model, anisotropy induced by layer
® heterogeneity has been incorporated in the model. The degree of
anisotropy within a homogeneous unit is minor and was not considered in
the model. The ability of the model to account for vertical variations of
hydraulic properties is demonstrated in Figures 35 and 46 of Maddock et
al. (1989a). Figure 35 shows the pressure head distribution at 0.5 day,
. and indicates that the wetting front is moving downward through uniform
material with little lateral movement. Figure 46 shows the influence of the
clay layer on the movement of the wetting front. The clay layer impedes
flow in the vertical direction while enhancing lateral movement of the wet-
ting front.

Within a lithologic unit, anisotropy can result from imbrication (Bouwer,
1978). In this situation, the hydraulic conductivity in the vertical direction
will be less than that in the horizontal direction because of the manner in
which the alluvial materials were laid down. The type of measurement
® technique used determines whether the measurement is representative of
the horizontal or vertical hydraulic conductivity. Analysis of in-situ bore-
hole tests demonstrates that these tests are most representative of the
horizontal hydraulic conductivity as they are weighted towards lateral flow
away from the borehole (Philip, 1986, 1987). Results from vertically ori-
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ented cores placed in a permeameter in the laboratory provide estimates
of hydraulic conductivity in the vertical direction. The differences in results
arising from the choice of measurement technique can be seen from the
data obtained from two of the boreholes at the proposed Cholla Landfill
Site. In the table below, values of saturated hydraulic conductivity deter-
mined from in-situ tests and vertical cores measured in the laboratory are
compared.

In-Situ K Laboratory K
Borehole Depth (ft) USCS (cm/s) (cm/s)
SHC-5 79.5 SM-SC 2.32x 104
78.9to0 80.9 SC 1.31x 103
SHC-22 20.3t023.9 SW 3.51 x 103
23.5 SW 1.94 x 103

At all tested locations, the value of the saturated hydraulic conductivity
measured with the in-situ borehole test was larger than that determined
from the laboratory cores.

An examination of Tables 1-3 in Maddock et al. (1989a) shows that the
sources of the values of the saturated hydraulic conductivity used in the
model were mainly from in-situ borehole tests. Because the in-situ tests
are more representative of horizontal flow, these values are representative
of the horizontal hydraulic conductivities within the layers. A comparison
between the values of saturated hydraulic conductivity used in the model
and those obtained from the laboratory cores is contained in Maddock et
al. (1989b). These comparisons show that the values of the hydraulic
properties used lead to a conservative estimate of the advance of the wet-
ting front during the course of the flood event used in the simulation.

These results demonstrate that the model effectively accounts for
anisotropy of the hydraulic properties at this site.

Sections 7 and 8 incorporate a soil-cement region in the west bank of the
Agua Fria River since it had been considered earlier as a potential erosion
protection scheme. The soil-cement erosion protection scheme is not
being proposed; instead, a rip-rap erosion protection blanket would be
placed on the river bank, as presented in the Application. Section 9 does
not incorporate soil-cement and presents a worst-case scenario in terms
of time of travel. Inspection of Section 9 UNSAT 2 computer model results
indicates that the saturation front does not reach the proposed excavation
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® either. Therefore, it is not necessary to rerun the model for Sections 7 and
8 to demonstrate the lack of flood impact on the proposed excavation.
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Appendix II-C Exploration for Earth Fissures

Please provide information as to why shear wave energy generation
devices were not used, as this method has been documented as
capable of identifying earth fissures in their early stages of develop-
ment. Conventional refraction-reflection seismic methods are only
documented in the application (by personnel conversations) as iden-
tifying fissures along irrigation canais.

To determine whether earth fissuring was occurring or had occurred at the
proposed solid waste disposal site, a seismic investigation using refraction
methods was undertaken in August, 1988. The results of that investigation
have been reported in previous documents (Terrametrics Associates,
November 1988; EMCON Associates, February and September 1989).
Prior to conducting the seismic work, considerable time and effort was
spent confirming that the seismic refraction method/devices utilized would
detect non-visible and visible earth fissuring. The following describes in
detail the preliminary work done prior to choosing seismic refraction as the
preferred method to detect earth fissures.

Preliminary Work

Wrege, Hasbrouck, and Schumann (1985) presented a paper describing
seismic work conducted in 1983 which indicated that both shear and sur-
face waves are attenuated as they cross visible and non-visible earth fis-
sures in the alluvium. In June and August 1988, prior to beginning the
seismic work at the proposed waste disposal site, Mr. Herbert Schumann
of the U.S. Geological Survey and one of the coauthors of the paper, was
contacted by EMCON and Terrametrics to discuss the application of the
method to search for fissures at the site, as well as to obtain information
regarding documented earth fissures in the proposed waste site vicinity.
Mr. Schumann confirmed his belief in the technique and suggested that
Mr. Gus Harrell, U.S. Bureau of Reclamation (USBR), Denver, be con-
tacted, as the USBR had worked with similar techniques to detect non-
visible and visible earth fissures.

Mr. Harrell was then contacted in early August, 1988. Mr. Harrell
described the original USBR work which had been undertaken for the
Central Arizona Project and which included the work conducted by Wrege,
Hasbrouck, and Schumann in 1983. The objective of the USBR work was
to evaluate which geophysical method was the best for discovering earth
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® fissures before they became detectable at the ground surface by visual
examination. The Central Arizona Project engineer subsequently
requested of the USBR in January 1988 a more suitable method than
visual examination to identify incipient earth fissure development at regular
intervals of time along their system of canals. Since the canals are

® shotcrete lined, it was feared that the lining could be damaged by earth
fissures.

The more recent USBR study was conducted in June 1988, in two areas |
of known fissuring (Arizona State-owned land northwest of the intersection |
® of Baseline and Meridian Roads, and Reach 2 of the Salt-Gila Aqueduct in
the area of the "Junkers" fissure). Common offset seismic refraction
methods were used in a series of cross profiles transverse to the known
earth fissuring. This method was used because the shot-to-geophone
| distance is kept constant and is minimal. Some of the seismic lines
¢ (transects) were located across the extension of known fissures into areas
| where earth fissuring was not visually apparent. The conclusion reached
was that this seismic method was successful in detecting visible and non-
visible earth fissuring (fissures in their incipient stages). The USBR used
standard energy sources used in normal refraction work which generate
® primarily compressional or P waves. They found measurement of attenua-
tion and/or arrival time delays of P waves to give results equally satisfac-
tory if not better than shear and surface wave analysis from work done by
the USGS in 1983.

® Following the August 1988 conversations with Messrs. Schuman and Har-
rell, it was decided that standard seismic refraction profiling techniques
(surface and P-wave analysis) would be the most accurate and effective
method to identify non-visible incipient earth fissures at the proposed
waste disposal site.

In April 1990, Mr. Harrell was contacted again. He confirmed the earlier
conversations and noted that a preliminary draft report on the work con-
ducted for the Central Arizona Project had been prepared in December,
1988 (Sirles, 1988). He sent a copy of the report for inspection. The USBR
® work confirmed (in support of the seismic work done for the Cholla site)
that both P and surface waves can be used to detect non-visible and visi-
ble earth fissures. Mr. Harrell also noted that the overall USBR project
work showed that seismic refraction techniques (P and surface wave anal-
ysis) were more accurate, faster, and more cost effective than several
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other geophysical methods evaluated, including shear wave analysis,
electrical resistivity and ground penetrating radar.

Conclusions

The following summarizes the conclusions arrived at from the results of
the work performed by the USBR and USGS for the CAP and by Terra-
metrics for the Cholla site.

« Conventional refraction - reflection seismic methods (P
and surface wave analysis) have not been documented as
having been performed along irrigation canals; instead,
they have been performed by the USBR along the Central
Arizona Project Aqueduct utilizing common offset refrac-
tion seismic surveys. Shear wave analysis was also con-
ducted by the USGS along the Central Arizona Project
Aqueduct. The natural terrain explored with both of these
techniques is similar to that of the proposed waste site
area.

+ Seismic records of the work conducted by Wrege et al.,
indicate that surface waves were as attenuated as shear
(S) waves where they crossed known earth fissures.

+ The USBR concluded from their seismic records that: (1)
If fissure-caused surface voids are present and fissure in-
filling with loosely compacted soils has occurred, then
surface waves are attenuated and body waves (P and S)
will be significantly delayed; (2) Where fissures are pre-
sent at depth with no surface expression, both body and
surface waves are attenuated; (3) Body and surface wave
arrival times are delayed where tensional fractures or
loosened soil areas due to tensional stresses occur.

+ Body and surface waves have been identified as capable
of identifying non-visible and visible earth fissures through
either delay in wave arrival times or decrease in wave
amplitude (attenuation of wave energy).

+ Surface waves are generated by either shear wave or
primary wave energy sources. The use of shear wave
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flows lasting longer than the 100-year flood flows in the Agua Fria River,
the following paragraphs discuss theoretical scenarios of water contacting
the liners.

A conservative modeling of subsurface seepage flood waters from the
Agua Fria River has shown that the water produced by a 100-year flood
will not contact the landfill liner. Nevertheless, this response will address
the potential consequences and actions that would be taken to mitigate
such contact under the following three scenarios.

g

Landfill lined but no wastes placed in the landfill.

If subsurface seepage from the Agua Fria River were to
reach the landfill slope and rise above the level of the base
liner, leachate collection system and protective soil layer the
possible consequences would be bulging and displacement
at the toe of the slopse. The low permeability soil component
of the liner would be displaced and water might collect
behind the HDPE liner and "float” the liner. The liner would
float (if not held down by the LCRS system or soil), because
the HDPE liner specific gravity is less than the specific grav-
ity of water and because of the water pressure behind the
HDPE liner. This condition (floating or lifting of the HDPE
liner) could be readily (visually) observed.

Past observations with water collecting under HDPE liners
indicates that the liner would not be ruptured unless the
water pressure exceeded the liner seam strength. This con-
dition was observed by D. Buranek (EMCON Associates)
during the construction of Pond P-9 at the Kettleman Hills
Hazardous Waste Management Facility near Kettleman City,
California in March/April 1986. Water from heavy precipita-
tion collected under the HDPE liner of the partially lined
pond. The water collected at the pond low point and lifted
the HDPE liner.

If this were to occur, BFI would (1) drain the collected water
from behind the HDPE liner, (2) remove the protective soil
cover, leachate collection and removal system (LCRS) mate-
rial, and the HDPE liner from the affected area, (3) remove,
dry, and recompact the low permeability layer material from
the affected area, and (4) reinstall the HDPE liner, LCRS,
and protective soil cover. The repair work would be per-
formed under the original installation QA/QC procedures.
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2. Partially Filled Module

Once waste is placed in the module (against the east slope)
the height or level of seepage against the landfill slope
needed to cause deformation or damage to the lining system
would increase. Thus the level of seepage against the lined
landfill slope would have to be above the level of the refuse
in order for there to be a problem. This is because the
hydrostatic pressure exerted by the water behind the lining
system would be opposed by the weight and strength of the
protective soii cover and the refuse.

If this condition were to occur, bulging or deformation of the
lined slope above the level of the refuse could result. Water
would collect behind the HDPE liner and "float” the liner.
Again, this condition could be readily visually observed.

To remediate the condition, BFI would first pump the water
from behind the HDPE liner to limit contact of this water with
the refuse. This would be accomplished by cutting a small
round or oval hole in the liner, inserting a hose (pump
stinger) and pumping the water to a Baker tank or water
truck. This step may have to be performed in stages at dif-
ferent locations to remove the trapped water. Fl would
then remove the refuse from the area of the affected slope
and follow the same repair sequence as described above.

3. Completed Landfill

The completed landfill will extend above the original ground
surface. The resulting refuse weight will be much greater
than the hydrostatic head from subsurface flow from the
Agua Fria river. Therefore, there will be no liner displace-
ment or damage due to hydrostatic forces from Agua Fria
River flood water seepage.
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o Il. SITE-SPECIFIC LANDFILL DESIGN

II-1 Submit copies of final determinations by appropriate
agencies dealing with floodplain and river bank issues.

The City of El Mirage assumed floodplain management authority for those

portions of the Agua Fria River within the corporate limits of the city on

September 14, 1989. A copy of resolution No. 89-09-039 documenting
® this is included in Attachment 3.

A copy of a September 19, 1989 letter from the Flood Control district of
Maricopa County to the Mayor of the City of El Mirage acknowledging the
assumption of floodplain management is also included in Attachment 3.

e The Los Angeles District, Corps of Engineers of the Department of the
Army issued nationwide permit No. 26 dated March 30, 1990 for BFl's
application No. 90-112-CL dated March 2, 1990 for the construction of the
proposed rip-rapped bank stabilization of the Agua Fria western bank
between Olive Avenue and Northem Avenue. A copy of the permit is
included in Attachment 3 also. The City of EI Mirage approved on
June 26, 1990 BFI's application for a floodplain development permit for the
bank stabilization and levee repair (see correspondence in Attachment 3).

® Il-2 Clarify which is the amount of precipitation that would
be directly collected by an active cell and whether this
water will be discharged.

Using the Maricopa County Flood Control District Uniform Drainage Poli-
cies and Standards (UDPS) for Maricopa County, Arizona (February 25,

® 1987), EMCON estimates that approximately 94,000 cubic feet of runoff
from a 2-year 24-hour storm would drain to the Module 1 or 2 temporary
sump. This water would be pumped to the sedlmentatlon basin immedi-
ately north of Module 1.

® Until the landfill module has been filled to above the original ground sur-
face, the runoff from precipitation that falls directly on the fill module will
have to be collected and pumped from the module. To collect the runoff,
temporary drainage sumps will be provided in each active module or on
the floor of the adjacent, partially excavated module. Runoff from
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excavation side slopes and the soil-covered refuse, that has not been
contaminated by contact with the refuse, will drain to a sump.

A small working face (about 200 feet wide) will be active at any given time.
Most of the rain water falling on the working face will be absorbed by the
exposed refuse. Any runoff from the active working face will be collected
by a continuously maintained berm within the working face area and will
be treated as leachate, i.e., it will be recirculated through landfilled wastes
or disposed of at a POTW.

Assuming 20 percent of the incident precipitation runs off the active work-
ing face, approximately 200 cubic feet of potentially contaminated water
would be generated as a result of a 24-hour, 2-year storm.

lI-3 Explain how the existing sedimentation ponds will be
treated before the construction of the landfill.

No treatment of the existing sedimentation ponds before construction of
the landfill is planned. The sedimentation ponds will remain for continued
use by Union Rock and Materials Corporation until landfill construction
advances to the areas occupied by them. At that time, they will be exca-
vated and removed.

II-4 Submit analysis of water and soil in the proximity of the
ponds.

The analyses are requested to ascertain the extent of any existing con-
tamination caused by existing and abandoned ponds. An analysis of the
potential contamination of the site was performed by SCS Engineers in
1989 and is included here as Attachment 4.

No water samples have been analyzed from the ponds vicinity. Borings
drilled in the pond's vicinity did not encounter free standing water that
could be sampled.

II-5 Clarify the status of the dike of soil and cement that
appears only in cross-sections 7 and 8, and discuss
alternative locations.

Sections 7 and 8 originally incorporated a soil-cement region in the west
bank of the Agua Fria River since it had been considered e- er as a
potential erosion protection scheme. The soil-cement erosior  otection
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o scheme is not being proposed; instead, a rip-rap erosion protection blan-
ket would be placed on the river bank, as presented in the Application.
Section 9 does not incorporate soil-cement and presents a worst-case
scenario. Inspection of Section 9 indicates that the saturation front does
not reach the proposed excavation (see Attachments 7 and 9).

II-6 Submit a detailed plan for Quality Assurance/Quality
Control (QA/QC) of the composite liner and geosyn-
thetics during construction; reference methods for pre-
vention/remediation of environmental stress cracking
® of the geomembrane.

Two documents are attached and provide the required information:

Quality Assurance Procedures for Earthwork Construction at Cholla
| Sanitary Landfill (Attachment 10)

Quality Assurance Procedures for Synthetic Containment System
Construction, Cholla Sanitary Landfill (Attachment 11).

II-7 Redesign the landfill - cells considering site-specific
e geologic and hydrogeologic hazards.

The Cholla Landfill Design described and contained in the application to

the DEQ (DEQ Application) is conservative and appropriate for the

geologic, hydrogeologic, hydrologic, and climatic conditions of the landfill
Y site as detailed below.

Site Conditions

Hydrogeology and Geology

EMCON's hydrogeologic and geotechnical investigations found no geo-
logic hazards that preclude developing the site as a landfill (DEQ Applica-
tion, Appendix Il B&C). The potential for the occurrence of fissures at the
site was studied by EMCON and by Richard H. Raymond, an acknowl-
® edged specialist in the field of fissure formation. Mr. Raymond's indepen-
dent study is documented in his report (DEQ Application, Appendix B). In
his report, Mr. Raymond concludes as follows:

"The proposed Cholla Sanitary Landfill site is on a gravel terrace where
the piping that commonly causes damage from fissures would be unlikely,
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even if a fissure were to form at the site. The site is over the broadly
rounded top of the Luke salt body. No irregularities are known there that
might cause a fissure to form. The Luke fissures are the closest existing
fissures. Their location apparently is controlled by the shape of the west-
ern side of the salt body. They have been forming within a narrow band
since 1959 and no evidence exists to indicate that they will migrate out of
that band in the future. Water-level declines of as much as 15 feet per
year have caused subsidence and earth fissures between the Luke salt
body and the White Tank Mountains in the past, but that rate has been
greatly reduced. Future activity of the Luke fissures should also diminish
correspondingly. Water levels on the east side of the Luke salt body
essentially have been stable since about 1964. Previous water-level
declines did not produce earth fissures on the east side of the salt body,
and no reason exists for expecting fissures to form there in the future.
With the Central Arizona Project (CAP) and the new ground-water law,
rapid declines in the ground-water level in the future are unlikely.
Therefore, the formation of earth fissures under the proposed site of the
Cholla Sanitary Landfill are also unlikely."

At the DEQ's request the proposed liner design has been analyzed to
determine its performance if a fissure were to form beneath it. The analy-
sis, performed by GeoServices, Inc. Consulting Engineers shows that the
proposed composite liner would not fail if located over an eroded fissure
with a horizontal separation of up to 1.44 feet. GeoServices analysis is
presented in Attachment No. 14.

Hydrology

Unsaturated flow modeling by Maddock, et al. (1990) shows that water
percolating through the soil from the 100-year flood in the adjacent Agua
Fria River will not migrate far enough to penetrate waste cells (see
Attachments 7 and 9).

Plans prepared by Mathews, Kessler and Associates for improvement of
the existing broad soil berm that separates the Agua Fria River from the
future landfill waste cells have been approved by the Army Corps of Engi-
neers who has issued a Nationwide 404 permit (No. 26, for application
No. 90-112-CL) for the improvements (see Attachment3). The plans
include installation of rip rap on the west bank of the Agua Fria River that
will be adequately keyed into the river bed to prevent undercutting (scour)
by 100-year flood waters. The analysis that accompanies the plans
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® demonstrates that the river bank improvements will prevent wash out of
the landfill in the event of a 100-year flood.

Climate

Because the site is in an arid climate, evaporation significantly exceeds

® precipitation. A water balance analysis (DEQ Application, Appendix ID)
indicates that little precipitation will infiltrate the refuse. This, in conjunc-
tion with the capacity of the soil and waste to absorb moisture, indicates a
minimal potential for leachate generation at the site. Thus, the potential

® for discharge of leachate to ground water is low (even if the landfill were
not lined).
The inclusion of a composite liner and leachate collection and removal
system (LCRS), lower to an insignificant level the potential for leachate

% releases from the site.

1 In summary, the landfill environment presents no hydrogeologic, geologic

| or hydrologi¢ conditions that would affect the integrity of the lined landfill
as designed.

e

®

®

®

o
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LANDFILL LINER SYSTEM DESIGN

This section compares single composite and double liner systems and
describes the design and the components of the proposed Cholla Landfill
composite liner system which was tailored to the site-specific conditions
previously described.

Comparison of Single Composite Liner and Double Liner

Composite liners (geomembrane in close contact with compacted low
permeability soil) are very effective in limiting leachate migration. The
geomembrane component has an equivalent hydraulic conductivity of
1x 1012 cm/sec to 1 x 10°'4 cm/sec, or less. The low permeability soil
component, serves to limit flow through defects or holes in the
geomembrane. The geomembrane component also increases the
efficiency of the overlying leachate collection and removal system (LCRS).
LCRS collection efficiency can be defined as the ratio of the quantity of
leachate entering the LCRS to the quantity of leachate collected in the
LCRS sumps. EPA-sponsored studies for hazardous waste disposal
facilities (U.S. EPA, 1987, 1988) have indicated that composite liners
increase the collection efficiency of the overlying LCRS to nearly
100 percent, even if the geomembrane has one or two small holes per
acre. Thus, any leachate that may be generated will drain to the LCRS
sumps where it can be removed for proper treatment and disposal.

As shown on Figure IB-19, the range of anticipated flow rates through a
composite liner (geomembrane and 3 feet of soil with a hydraulic conduc-
tivity of 1 x 106 cm/sec) with a geomembrane defect (hole size 1 cm2) and
a liquid depth above the geomembrane of 0.1 foot is estimated to be 0.2 to
2 gallons per acre per day. This amount of leakage is extremely small and
could only be reached on the assumption that there will be a constant
depth or quantity of leachate above the liner and a hole in the liner (an
unlikely condition).

It is instructive to compare this quantity of leakage with the quantity of
leakage that would occur through a double liner system, with primary and
secondary leachate collection; the upper liner is a flexible membrane liner
and lower liner is compacted soil. We have assumed that the lower liner is
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® 3-feet thick and has a hydraulic conductivity of 1 x 108 cm/sec. The top
liner is a geomembrane with one small hole per acre. Research docu-
mented by the EPA (April 1987 and May 1987), and in unpublished EPA
documents, indicated that even with excellent Construction Quality Control
(CQC) and Construction Quality Assurance (CQA) one or two small holes

® or defects per acre will go undetected in an installed geomembrane. The
flow through one of these defects (noncomposite liner) can be computed
using the orifice equation:

1/2
°® Q = CA (2gh)
Where

Q = flow rate
| C = coefficient generally assumed to be 0.6
@ A = area of the hole
i g = acceleration due to gravity

h = head on the geomembrane
® Using the orifice equation and assuming a 1 cm?@ hole, unrestricted flow to

and through the hole, and 0.1 foot of head above the top liner, the flow
through the top liner hole would be about 1,060 gallons per day. This
computed flow rate represents an upper bound, since the presence of
granular LCRS systems above and below the top liner may significantly re-

® duce the flow rate. A sand LCRS would reduce the flow rate through the
hole, while a clean coarse gravel LCRS would have little effect on flow
through a geomembrane hole.

Flow through a top liner defect would then enter the secondary LCRS
between the liners. If we assume that the concentrated top liner leakage
spreads out uniformly in the secondary LCRS system, the concentrated
leak would be like a uniform top liner leak of 1,060 gallons per day per
acre. For this top liner leakage to reach the LCRS sumps a head must
build up in the LCRS system and on the bottom liner. Assuming that only
® a very small head builds up on the bottom liner such that the hydraulic
gradient is 1, the flow through the bottom liner can be computed using
Darcy's equation.

Q=ki A

® Where
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Q = flow rate

k = coefficient of permeability (hydraulic conductivity)
i = hydraulic gradient

A = area (use 1 acre as a basis)

Using Darcy's equation, a hydraulic gradient of 1, an area of 1 acre, and a
bottom liner hydraulic conductivity of 1 x 106 cm/sec, flow through the
bottom liner would be 925 gallons per day, or nearly the same as the top
liner leakage. However, the top liner leak is a concentrated leak rather
then a uniform one. The analysis of concentrated leaks in a double liner
system is a three dimensional problem and extremely complex. The EPA
(December 1987) suggested using a flow concentration factor (fc) for an
approximate 1-dimensional solution to the three dimensional problem. It is
the ratio of the bottom liner plan area wetted by a top liner leak to the total
bottom liner plan area. The factor accounts for several parameters
including (1) size and number of top liner leaks, (2) type of LCRS drainage
medium (sand, gravel, geonets), (3) LCRS drainage medium capillary ten-
sions, (4) LCRS system slope, (5) top liner leak location with respect to
LCRS sump, (6) bottom liner type, and (7) bottom liner surface regularity.
For example, more liquid would be collected in the LCRS sump from a top
liner leak located close to the sump than one located at a large distance
from the sump. The EPA has suggested values of fc between 0.05 and
0.25. Using an fc of 0.2, leakage through a bottom soil liner due to a con-
centrated top liner leak of 1,060 gallons per day would be about
200 gallons per acre per day. This value (200 gallons, per acre, per day)
is two to three orders of magnitude greater than the leakage through the
composite liner proposed for the Cholla Landfill calculated using the above
stated conservative assumptions.

Similar computations can be made for liner options where both top and
bottom liners are geomembranes. However, to evaluate the performance
of these systems a probabilistic assessment would be needed to assess
the likelihood of a bottom liner leak or defect being located beneath or in
the LCRS drainage path of a top liner leak.

The advantages offered by a composite liner over other liner configura-
tions in minimizing leakage are substantial. Apparently, the EPA has
come to this same conclusion in proposing the single composite liner as
the required liner system for non-hazardous solid waste landfills in its draft
Subtitle D regulations (40 CFR 258.28(b), proposed August 30, 1988).
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Proposed Cholla Landfill Containment System

Low Permeability Soil Component

The composite liner proposed for the Cholla Landfill consists of the fol-
lowing components (from top to bottom): (1)a 1-foot-thick operations
layer, (2) a 1-foot gravel LCRS (hydraulic conductivity of 1 cm/sec), (3) a
60-mil-thick HDPE geomembrane, and (4) a 3-foot thickness of compacted
low permeability soil with a hydraulic conductivity of 1 x 106 cm/sec, or
less. A non-woven geotextile filter/separator is provided between the
operations layer and the LCRS. The LCRS is provided on the landfill bot-
tom surface, but not on the side slopes. On the landfill's side slopes the
operations layer is 2-foot thick.

The proposed composite lining system was selected for the Cholla Sani-
tary Landfill rather than the double liner systems because (1) there is
about 180 feet vertical separation between the proposed landfill bottom
and ground water, (2) the Phoenix area receives very little precipitation,
minimizing the potential for leachate generation, (3) only nonhazardous
solid wastes, (no liquid waste or non-dewatered sludge) will be accepted
at the landfill, again minimizing the potential for leachate generation, and
(4) the proposed landfill final cover system will greatly minimize or elimi-
nate infiltration, keeping the refuse well below its field capacity so that
leachate will not form after closure.

The composite liner's low permeability soil component will be constructed
using the site's near surface silty sand and sandy silt with an admixture of
about 5 percent by weight of bentonite. These materials when thoroughly
mixed, water conditioned and compacted have permeabilities between
3.7 x 10-8 cm/sec and 6 x 109 cm/sec.

The materials for the low permeability soil will have 100 percent of the
particles finer than the 3/4-inch sieve and at least 30 percent (before ben-
tonite addition) by weight finer than the No. 200 U.S. Standard Sieve.
After bentonite addition, the material will be water conditioned to between
optimum moisture content and 6 percent above optimum moisture content
and compacted to at least 90 percent of maximum dry density as
determined by ASTM D1557. The material will be placed in approximately
8-inch-thick (maximum) loose lifts and compacted with tamping type or
sheeps-foot type compactors. The placed material will be protected from
drying and desiccating.
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Geomembrane Component

The top component of the composite liner will be a 60 mil HDPE
geomembrane. The geomembrane will be installed above the low
permeability soil component and will serve as an effective barrier to
leachate migration from the landfill and will increase the efficiency of the
LCRS to nearly 100 percent in directing leachate to the sumps.

LCRS and Operations Layer

A blanket type LCRS will be constructed on top of the geomembrane on
the landfill bottom. The landfill base of excavation will be graded to drain
towards a module corner where a sump will be located. Each layer of the
composite liner system will follow this excavation grade.

The LCRS will consist of

- a 1-foot drainage layer having a 2 percent slope and a
hydraulic conductivity of 1 cm/sec.

+ 6-inch diameter leachate collection pipes at a 1 percent or
greater slope

+ |eachate collection sumps ana extraction pumps

The LCRS was designed to prevent buildup of leachate in excess of
0.1 foot over the gesomembrane.

A leak detection system beneath the leachate collection sump will provide
added protection by allowing BFI to identify leaks in the system. The leak
detection system provides the capability to remove any fluids detected by
collecting any leakage from the LCRS sump, the only location where the
depth of leachate could potentially exceed 1-foot.

A 1-foot-thick operations layer will overlie the LCRS to protect it from
damage when the first lift of refuse is placed. A nonwoven geotextile
filter/separator will be provided between the LCRS gravel and the
operations layer. On the landfill's excavation side slopes, the operations
layer (2-foot-thick) will be placed directly above the geomembrane liner.

Operations layer material will consist of soils obtained from landfill exca-
vations with 100 percent of the particles finer than the 3/4 inch sieve.
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PS Conclusion

The composite liner and LCRS represent a sate-of-practice solution for
leachate containment in the Cholla landfill site environment.
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SURFACE WATER DIVERSION

The on-site and off-site drainage system is designed for the 100-year,
24-hour storm. Overland flow will drain to sedimentation/detention basins
separated from the solid waste disposal area by earthen berms. The
basins will discharge to the Agua Fria River.

The proposed river bank improvements (see Attachment 3) wil protect the
site from the 100-year flood in the Agua Fria River.
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1I-8 Submit, for our approval, a thorough protocol for
experimental testing and characterization of the ge-
omembrane material (plane test and fissure-box test).

The validity of the liner testing performed to simulate the effects of an
earth fissure occurring under the site was questioned. From the discus-
sions held on March 13 with the ADEQ staff, it was clear that the staff was
concerned about cavities developing under the liner as a result of fissure
erosion due to surface water flow.

Instead of conducting additional physical testing of HDPE liner materials
under the various conditions stated in the request for clarification, we dis-
cussed the following alternative which meets ADEQ objectives and pro-
vides independent verification of the physical tests already performed.

The ability of a composite soil/geosynthetic liner system to support loads
due to the removal of underlying support can be evaluated using recently
developed analytical models. We proposed to use this technique to cal-
culate the largest void size that the proposed liner system may bridge, as
well as the maximum load the liner system can carry over such a void.
This analysis, described in GeoServices, Inc. letter dated May 8, 1990
(see Attachment 1), was conducted under the direction of Dr. R. Bona-
parte to supplement and validate the testing already conducted.

Results of the analysis are included in the report by GeoServices, Inc.
titted Analysis of the Effect of an Earth Fissure on Lining System Integrity,
Cholla Sanitary Landfill (see Attachment 14).

II-9 Perform the approved membrane characterization
tests. Submit documentation and resuits.

As discussed above no additional membrane testing was performed. The
results of the analytical work performed instead are included in Attach-
ment 14.

II-10 Submit Plans for monitoring geologic and hydrogeo-
logic hazards and contingency plans for such occur-
rences. Plans should pertain to the entire facility life:
construction, active phase, and closure. Plans should
include remediation measures.

A Fissure Monitoring Plan is included as Attachment 12.
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® As discussed with Ms. Haney and Messrs. Lerman and Abbott during the
April 27 meeting, vadose zone monitoring may not be necessary at the
site if the results of the unsaturated ground-water flow model showed that
no subsurface flow would reach the landfill, even when the horizontal per-
meability was increased by a factor of 2 and the initial moisture content of

@ the naturally dry soils was increased to a value just short of saturation.
Since the model run under these conditions showed that subsurface flow
does not reach the landfill (see Attachment 8), no vadose zone monitoring
is being proposed.

PJ3 3721501J.00W 3-29 Rev. 5 July 24, 1990

® Printed on Recycled Paper




Attachment 1

LETTERS ADDRESSING RETIREMENT OF GRANDFATHERED
e IRRIGATION RIGHTS
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Mr. Dennis Kimberlin

Arizona Department of Water Resources
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A PROFESSIONAL CORPORATION
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February 28,

Phoenix Active Management Area
15 South Fifteenth Avenue

Phoenix,

Arizona 85007

1989

PHCENIX CEFICE
SUITE 2200
TAD NQAQTW CEMTRAL AVSN €
PHOENIX ARIZONA 850C¢ 2190
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ROAQ) EAST CaAMELBACY &7l
SCOTTSDALE ARIZONA BS5251-2466
1602) 257 %4CO
TELECOPIER €07 94%.4912

WRITER'S DIRECT LINE

257-5428

Re: Extinguishment of Irrigation Grandfathered Right No.
58-105297

Gentlemen:

ever be irrigated again.

Enclosed on behalf of Union Rock and Materials
Corporation ('"Union") is the original Irrigation Grandfathered

Right Certificate. No. j
right since 1977, and Union does not foresee that the property will

58-105237.

certificate for permanent extinguishment.
further entitlement to irrigate with groundwater any portion of the
irrigation acres described in the certificate. Accordingly, Union
also asserts that it has no further obligation to prepare annual
reports respecting the right.

Union,

Union has not exercised this

Union is surrendering the enclosed
Union disclaims any

Also enclosed for. your convenience is a form letter to

for execution on behalf of the Department,

confirming that

the Irrigation Grandfathered Right has been extinguished. Your
prompt attention in confirming the extinguishment would be greatly
appreciated.
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FENNEMORE CRAIG

L

Mr. Dennis Kimberlin

February 28, 1989

Page 2
L _

Please let me know if you have any gquestions.
o Sincerely
R ——
e
Philip H. Darrow
For the Firm

®

PHD:jes
@
|
[
®
 _
®
®

o
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RECEIVED  PHD

MaR 0 6 1988
March 3, 1989 ‘

Mr. Robert K. Gjera l o segre v a
President/General Manager

Union Rock and Materiafs Corporation

2800 S. Central Avenue

Phoenix, Ar{zona 85040

RE: Irrigation Grandfathered Right Number 58-105297.0000

Dear Mr. Gjlere;

2\

D

ARIZONA
OEPARTMENTY
OF WATER
RESQURCES

Rote Moflerd, Governor
N. W, Plummer
Oirector

Phoanix Active Managemant Area
18 South 151 Avenue
Phoenix, Arizona 85007

We have received the original Certificate of Irrigation
Grandfathered Right Number 58-105297.0000, with a written request
on behalf of Unfon Rock and Materials Corporation to fnactivate
the Irrigation Grandfathered Right described in the certificate.

This wil

confirm that the right has been Inactive-Withdrawn and

fs no longer appurtenant to the acreage described 1n the

certificate,

Since the effective date of the fnactivation of

this right {s February 28, 1989, you are required to file the
R

1988 Annual Water Withdrawal and Use Report,

Annual Reports for

1989 and future years will no longer be necessary,

If you have questions regarding this matter, please contact me at

542-1512,

Sincerely,

mberlin
Chief, Filald Services/Operations
Phoenix Active Management Area

DK/Jjle

cc: Phillip H., Darrow,
Fenne?dro Craig

\
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March 7, 1989

® Mr. Dennis Kimberlin
Arizona Department of Water Resources
Phoenix Active Management Area
15 South Fifteenth Avenue
Phoenix, Arizona 85007

® Re: Union Rock and Materials -- Former Irrigation
Grandfathered Right No. 58-105297

Dear Dennis:

In reference to your letter to Mr. Robert Gjere of March
P 3, 1989, this will confirm our conversation this afternoen in which
you explained that the status "Inactive-Withdrawn" means that the
Irrigation Grandfathered Right discussed in the letter no longer
exists and can never be reactivated. This is consistent with the
intent of the owner in surrendering the certificate.

Thank you very much for clarifying this matter.

Sincerely,

S e

@ _ Philip H. Darrow
‘ Ffor the Firm
PHD:jes
cc: Mr. Robert Gjere
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PROPOSED ROADWAY IMPROVEMENTS,
® EL MIRAGE ROAD
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Attachment 3
DOCUMENTS REGARDING FLOODPLAIN MANAGEMENT AND BANK
P STABILIZATION




February 26, 1990

Y HALL

[ u ;:u:.':zhu:g;;'
(hozyeragie Arizona Department of Environmental Quality
Attn: Mr. Barry Abbott
SRR Solid waste Unit
Moy 2005 North Central Avenue
JOHN GARZA Phoenix, Arizona 85004
. Yia Mayor
(AROLINA HERNAKDEZ Re: Floodplain Management
MARY (ZAGUIRRE
b2 ] Gentlemen:
ROBERT ROBLES
i Enclosed is a copy of Resolution No. R89-09-039 that was
o adopted by the El1 Mirage City Council on September 14,
1982. Pursuant to that resocluticn and applicable state
statutes, the City of E1 Mirage has assumed floodplain
management authority for those portions of the Agua Fria
within the corporate limits of the City of E1l Mirage. A
copy of this resolution was sent to the Federal Emergency
@ Management Agency, the Arizona Department of Water *
Resources and the Flood Control District of Maricopa
county.

The Flood Control District of Maricopa County has
transferred its files to El1 Mirage. On October 26, 1989,
® FEMA requested that El1 Mirage enact some minor revisions
to E1 Mirage's floodplain management ordinance; those
changes have been made. The City of El1 Mirage, with the
assistance of Wood & Associates and the Arizona
Department of Water Resources, 1is currently reviewing
submittals relating to the Cholla Landfill. We will
® advise you of our action with respect to these submittals
when pleted.

. Ju } A
ott Lind
City Manager
[
encl.
e
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o
RESOLUTICN NO. R89-09-039
A RESOLUTION OF THE CITY OF EL MIRAGE
® RO . MARICOPA  COUNTY, ARIZONA, ASSUMING  THE
£ "o'lv'g:‘!ﬂ“;’ RESPONSIBILITY FOR THE MANAGEMENT OF
. FLOODPLAIN ACTIVITIES TO REDUCE FUTURE FLOOD
LOSSES PURSUANT TO THE NATICNAL FLOOD
ROSARID VALENZUELA INSURANCE ACT OF 1968 AND TITLE 48, CHAPTER
i 21, ARTICLE 1 OF THE ARIZONA REVISED STATUTES
Py \:::.A,:Z.A AND AMENDMENTS THERETO; REPEALING CONFLICTING
RESOLUTIONS; AND DECLARING AND EMERGENCY.
CAROUINA KERNANDEZ
e e WHEREAS, certain areas of the City of El Mirage are
ARTKUR KOREND subject to periodic flooding from streams and rivers
(55 Bits causing serious damages to properties within these
® areas;

WHEREAS, it 1is the intent of this Council to
require the recognition and evaluation of flood hazards
in all official actions relating to land use in the
floodplain areas having special flood hazards; and

. WHEREAS, relief is available in the form of flood
insurence as authorized by the National Flood Insurance

Act of 1968; and
WEEREAS, this body has the legal authority to adopt
X ) and enforce land use and control measures to reduce
| future rflood losses pursuant to 48-3610, Arizona
Revised Statutes and amendments and supplements thereto;

NOW,- THEREFORE, BE 'IT RESOLVED BY THE COUNCIL OF
THE CITY OF EL MIRAGE AS FOLLOWS:

SECTION o1 . That the City Council of the City of
El Mirage assures the Federal Insurance Administration
that it will enact as necessary, and maintain in force
for those areas having flood hazards, adequate land use
and control measures with effective enforcement
o provisions consistent with the criteria set forth in
Part 60 of the National Flood 1Insurance Program
Regulations; and

SECTION 2. That the duly &appointed Floodplain

Administrator or his authorized representative, 1is

o hereby vested with the responsibility, authority and
means to: (a) delineate or assist the Federal Insurance

Administrator, at his request, in delineating the limits
of areas having special flood hazards on available local
maps of sufficient scale to identify the location of
building sites; (b) provide such information as the
® Federal Insurance Administrator may regquest concerning
present uses and occupancy of the floodplain; (c)

® Printed on Recycled Paper 3




cooperate with Federal, State and local agencies and
private firms which undertake to study, survey, map and
identify floodplain areas, and cooperate with
neighboring communities with respect to management of
adjoining floodplain areas in order to prevent
aggravation of existing hazards; and (d) submit an
annual report to the Federal Insurance Administrator on
the progress made during the past year within the
community in the development &and implementation of
floodplain management measures.

SECTION 3. That the duly appointed Floodplain
Administrator, or his authorized representative, is
hereby appointed to maintain for public inspection and
to furnish upon request a record of elections (in
relation to mean sea level) of the lowest floor
e (including Dbasement) of all new or substantially

improved structures located in the special flood hazard
areas. If the lowest floor is below grade on one or more
sides, the elevation of the floor immediately above must
also be recorded.

e SECTION 4. That the City Council agrees to take
such other official action as may be reasonably
necessary to carry out the objectives of the program.

SECTION 5. All resolutions of parts of
resolutions in conflict herewith are hereby repealed.

SECTION 6. WHEREAS the immediate operation of
the provisions of this Resolution is necessary for the
preservation of public peace, health and safety of the
City, &n emergency is hereby declared to exist, and this
Resolution shall be in full force and effect from the

o after its passage, adoption and approval by tre Mayor
and Council of the City, and it is hereby exempt from
the referendum provisions of the Constitution and laws
of the State of Arizona.

PASSED, ADOPTED AND APPROVED by the Mayor and

] Council of the City of El Mirage, Maricopa County,
Arizona, this 14th day of September, 1989.

;—r;_’-é R L /- 3/4: - ix (/(‘;

® ROSARIO VZLENZUELA) Mayor
ATTEST: APPROVED AS TO FORM:

() S it B ek i
ROSALINDA HERRERA, Clerk PAUL FAITH, City Attorney
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FLoop CoNTROL DisTRICT
of

Maricopa Count
P 14 BOARD of DIRECTORS

3335 West Durango Street ¢ Phoenix, Arizona 85009

@ James D. Bruner
Telephone (602) 262-1501 Carole Carpenter
: § h Tom Freestone
D. E. Sagramoso, P.E,, Chief Engineer and Ceneral Manager Fred Km:y, r.
: Ed Pastor
° September 19, 1989
The Honorable Rosario Valenzuela
Mayor, City of El Mirage
City Hall
144085 North Palm Street
El Mirage, AZ 8533S
®

Subject: Floodplain Mangement

Dear Mayor Valenzuela:

I have received your letter dated September 13, 1989 to the Pederal Emergengy
Y Management Agency (FEMA) concerning your assumption of the responsibility for

floodplain management vithin the City of E1l Mirage.

Mr. Ron Nevitt, Floodplain Representative of my staff, will be contacting City
staff vith respect to transitioning files and permit applications in progress.

If you have any questions, pleasa call.

| Sincerely,
D, E. Sagramoso, P. E.
®
Copy to: Jim Morris, Arizona Department of Vatar Resources
Terri Miller, Arizona Department of Water Resources
Johnny Taylor, FEMA Region IX
®
e
®
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- DEPARTMENT OF THE ARMY
LOS ANGELES DISTRICT, CORPS OF ENGINCERS
PO BOX 2711
LOS ANGELES, CALIFORNIA 90053-2325
. REPLY TO o
ATIINTION OF
MAR 30 1990
office of the Chief
Regulatory Branch
. 13
Browning-Ferris Industries of Arizona, Inc.
ATIN: Brett Frazier
1580 E. Elwood
Phoenix, Arizona 85040
® Gentlemen:

This is in reply to your application (No. 90-112—CL) dated March 2, 1990
for a Department of the Army Permit to discharge dredged or fill material
for the construction of 4200 feet of rock rip-rapped bank stabilization in
the Agua Fria River (the west bank between Olive Avenue to Northern Avenue)

L] at El Mirage, Maricopa County, Arizona. :

Regulations for our permit program, published in the Federal Register,

include Part 330 - Natiornwide Permits (see the enclosure). The Corps of
Engineers has determined that your proposed activity complies with the terms
of the natiorwide permit at Part 330.5(a) (26) for discharges of dredged or

o £i11l material into waters of the United States, including wetlands, that are
located above the headwaters or are isolated waters and which would cause
the loss or substantial adverse modification of one to 10 acres of such
waters. Furthermore, you must comply with the attached special conditions,
the natiorwide permit conditions described in Part 330.5(b), and the
management practices described in Part 330.6.

@

A nationwide permit does not grant any property rights or exclusive
privileges. Also, it does not authorize any injury to the property or
rights of others or authorize interference with any existing or proposed
Federal project. Furthermore, it does not obviate the need to obtain other

® Federal, state, or local authorizations required by law.

This verification will be valid until the nationwide permit is modified,
reissued, or revoked. All the natiorwide permits are scheduled to be
modified, reissued, or revoked prior to 13 January 1992. It is incumbent
upon you to remain informed of changes to the natiorwide permits. We will

° issue a public notice announcing the changes when they occur. Furthermore,
if you commence or are under contract to commence this activity before the
date the natiorwide permit is modified or revoked, you will have twelve
months from the date of the modification or revocation to complete the
activity under the present terms and conditions of this natiorwide permit.
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If you have any questions please contact Cindy Lester of my staff
at (602) 640-5385.

Sincerely,

. oS Ot

pavid J. Castanon
Chief, Northern Section

e Enclosures

®
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o
SPECIAL CONDITIONS APPLICABLE TO NATIONWIDE PERMIT NO. 26 FOR
THE GENERAL PERMITTEE’S APPLICATION NUMBER 90-112-CL
@

1. The applicant shall obtain the Floodplain Development Permit from
the City of El Mirage, for both the streambank stabilization and the
landfill prior to the construction of the streambank protection.

2. The applicant shall obtain the "Aquifer Protection Permit" and the

® "Approval to Construct and Operate Landfills" from the Arizona Department of
Envirormental Quality prior to the construction of the streambank
protection.

3. The applicant shall revegetate a 50 foot wide buffer zone at the
top of the bank stabilization with endemic vegetation at the conclusion of

| the streambank stabilization project.
°

1

. .

e

®

o

®
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PART 330—NATIONWIDE PERMITS

Sec.

330.1 General.

330.2 Definitions.

330.3 Activitues occuring before certain
dates.

330.4 Public notice.

330.5 Nationwide permits.

330.6 Management practices.

330.7 Notification procedures.

330.8 Discretionary Authority.

330.9 State water quality certification.

330.10 Coastal Zone Management
consistency determination.

330.11 Nationwide permit verification.

330.12 Expiration of nationwide permits.

Authority: 33 U.S.C. 401 et seq.: 33 US.C.
1344; 33 U.S.C. 1413.

§330.1 Genersl

The purpose of this regulation is to
describe the Department of the Army’s
(DA) nationwide permit program and to
list all current nationwide permits which
have been issued by publication herein.
A nationwide permit is a form of general
permit which may authorize activities
throughout the nation. (Another type of
general permit is a “regional permit"”
and is issued by division or district
engineers on a regional basis in
accordance with 33 CFR Part 325).
Copies of regional conditions and

modifications. if any. to the nationwide
permits can be obtained from the
appropriate district engineer.
Nationwide permits are designed to
allow certain activities to occur with
little. if any. delay or paperwork.
Nationwide permits are valid only if the
conditions applicable to the nationwide
permits are met. Failure to comply with
a condition does not necessarily mean
the activity cannot be authorized but
rather that the activity can only be
authorized by an individual or regional
permit. Several of the nationwide
permits require notification to the
district engineer prior to commencement
of the authorized activity. The
procedures for this notification are
located at § 330.7 of this Part.
Nationwide permits can be issued to
satisfy the requirements of section 10 of
the Rivers and Harhors Act of 1899.
section 404 of the Clean Water Act.
and/or section 103 of the Marine
Protection, Research and Sanctuaries
Act. The applicable authority is
indicated at the end of each nationwide
permit.

§ 330.2 Definitions.

(a) The definitions of 33 CFR Parts
321-329 are applicable to the terms used
in this Part.

(b) The term “head:waters™ means the
point on a non-tidal stream above which
the average annual flow is less than five
cubic feet per second. The district
engineer may estimate this point from
available data by using the mean annual
area precipitation. area drainage basin
maps. and the average runoff coefficient.
or by similar means. For streams that
are dry for long periods of the year.
district engineers may establish the
“headwaters" as that point on the
stream where a flow cf five cubic feet
per second is equaled or exceeded 50
percent of the time.

(c) Discretionary authority means the
authority delegated to division engineers
in § 330.8 of this part to override
provisions of nationwide permits. to add
regional conditions. or to require
individual permit application.

§330.3 Activities occurring before certain
dates.

The following activities were
permitted by nationwide permits issued
on July 19. 1977. and unless modified do
not require further permitting:

(a) Discharges of dredged or fill
material into waters of the United States
outside the limits of navigable waters of
the United States that occurred before
the phase-in dates which begar. july 25.
1975. and extended section 404
jurisdiction to all waters of the United
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States. (These phase-in dates are: After
July 25.1875. discharges .nto navigable
waters of the United States and
adjacent wetlands: after September 1,
*976, discharges into navigable waters

“the United States and their primary
tributaries, including adjacent wetlands,
and into natural lakes. greater than 5
acres in surface area: and after july 1.
1977, discharges into all waters of the
United States.) (Section 404)

(b) Structures or work completed
before December 18, 1968, or in
waterbodies over which the district
engineer had not asserted jurisdiction at
the time the activity occurred provided.
in both instances, there is no
interference with navigation. (Section
10)

§ 330.4 Public notice.

(a) Chief of Engineers. Upon proposed
issuance of new nationwide permits,
modification to. or reissuance of.
existing nationwide permits, the Chief of
Engineers will pubiish a notice in the
Federal Register seeking public
comments and including the opportunity
for a public hearing. This notice will
state the availability of information at
the Office of the Chief of Engineers and
at all district offices which reveals the
Corps’ provisional determination that
the proposed activities comply with the
requirements for issuance under general
permit authority. The Chief of Engineers
will prepare this information which will
e supplemented. if appropriate. by
division engineers.

(b) District engineers. Concurrent
with publication in the Federal Register
of proposed. new. or reissued
nationwide permits by the Chief of
Engineers. district engineers will so
notify the known interested public by an
appropriate notice. The notice will
Include regional conditions. if any,
developed by the division engineer.

§ 330.5 Nationwide permits. )

(a) Authorized activities. The
following activities are hereby permitted
provided they meet the conditions listed
in paragraph (b) of this section and.
where required. comply with the
notification procedures. of § 330.7.

(1) The placement of aids to
nsvigation and regulatory markers
which are approved by and installed in
accordance with the requirements of the
U.S. Coast Guard (33 CFR Part 68,
Subchapter C). (Section 10)

(2) Structures constructed in artificial
canals within principally residential
developments where the connection of
the canal to a navigable water of the
United States has been previously
authorized (see 33 CFR Part 322.5(g)).
(Section 10)

(3) The repair, rehabilitation. or
replacement of any previously
authorized. currently serviceable.
structure or fill. or of any currently
serviceable structure or fill constructed
prior to the requirement for
authorization, provided such repair,
rehabilitation. or replacement does not
result in a deviation from the plans of
the original structure or fill, and further
provided that the structure or fill has not
been put to uses differing from uses
specified for it in any permit authorizing
its original construction. Minor
deviations due to changes in materials
or construction techniques and which
are necessary to make repair,
rehabilitation, or replacement are
permitted. Maintenance dredging and
beach restoration are not authorized by
this nationwide permit. (Section 10 and
404)

(4) Fish and wildlife harvesting
devices and activities such as pound
nets. crab traps. eel pots. lobster traps,
duck blinds. and clam and oyster
digging. (Section 10)

(5) Staff gages. tide gages. water
recording devices, water quality testing
and improvement devices. and similar
scientific structures. (Section 10)

(8) Survey activities including core
sampling. seismic exploratory
operations. and plugging of seismic shot
holes and other exploratory-type bore
holes. Drilling of exploration-type bore
holes for oil and gas exploration is not
authorized by this naticnwide permit;
the plugging of such holes is authorized.
(Sections 10 and 404).

(7) Outfall structures and associated
intake structures where the effluent from
that outfall has been permitted under
the National Pollutant Discharge
Elimination System program (Section
402 of the Clean Water Act) (see 40 CFR
Part 122) provided that the district or
division engineer makes a determination
that the individual and cumulative
adverse environmental effects of the
structure itself are minimal in
accordance with § 330.7 (c)(2) and (d).
Intake structures per se are not
included—only those directly associated
with an outfall structure are covered by
this nationwide permit. This permit
includes minor excavation. filling and
other work associated with installation
of the intake and outfall structures.
(Sections 10 and 404)

(8) Structures for the exploration,
production, and transportation of oil,
gas, and minerals on the outer
continental shelf within areas leased for
such purposes by the Department of
Interior, Mineral Management Service,
provided those structures are not placed
within the limits of any designated
shipping safety fairway or traffic

separation scheme (where such limits
have not been designated or where
changes are anticipated. district
engineers will consider recommending
the discretionary authority provided by
330.8 of this Part, and further subject 1o
the provisions of the fairway regulations
in 33 CFR 322.5(1) (Section 10).

(9) Structures placed within anchorage
or fleeting areas to facilitate moorage of
vessels where such areas have been
established for that purpose by the U.S.
Coast Guard. (Section 10)

(10) Non-commercial. single-boat.
mooring buoys. (Section 10)

(11) Temporary buoys and markers
placed for recreational use such as
water skiing and boat racing provided
that the buoy or marker is removed
within 30 days after its use has been
discontinued. At Corps of Engineers
reservoirs, the reservoir manager must
approve each buoy or marker
individually. (Section 10)

{12) Discharge of material for backfill
or bedding for utility lines. including
outfall and intake structures. provided
there is no change in preconstruction |
bottom contours (excess material must |
be removed to an upland disposal ares). |
A “utility line" is defined as any pipe or
pipeline for the transportation of any
gaseous, liquid. liquifiable. or slurry
substance, for any purpose. and any
cable, line, or wire for the transmission
for any purpose of electrical energy.
telephone and telegraph messages. and
radio and television communication.
(The utility line and outfall and intake
structures will require a Section 10
permit if in navigable waters of the
United States. See 33 CFR Part 322. See
also paragraph (a)(7) of this section).
(Section 404)

(13) Bank stabilization activities
provided:

(i) The bank stabilization activity is
less than 500 feet in length:

(ii) The activity is necessary for
erosion prevention:

(iii) The activity is limited to less than
an average of one cubic yard per
running foot placed along the bank
within waters of the United States:

(iv) No material is placed in excess of
the minimum needed for erosion
protection:

(v) No material is placed in any
wetland ares;

(vi) No material is placed in any
location or in any manner so as to
impair surface water flow into or out of
any wetland area:

(vii) Only clean material free of waste
metal products. organic materials,
unsightly debris, etc. is used: and

(viii) The activity is a single and
complete project. (Sections 10 and 404)
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(14) Minor road crossing fills incioding
all attendant festures, both temporary
and permanent. that are part of a single
and compiete project for crossing of a
on-tidal waterbody. provided that the
ossing is culverted. bridged or
otherwise designed to prevent the
restriction of. and to withstand,
expected high flows and provided
further that discharges into any
wetlands adjacent to the waterbody do
not extend beyond 100 feet on either
side of the ordinary high water mark of
that waterbody. A “minor road crossing
fill” is defined as a crossing that
invoives the discharge of less than 200
cubic yards of fill material below the
plane of ordinary high water. The
crossing may require a permit from the
US Coast Guard if located in navigable
waters of the United States. Some road

fills may be eligible for an exemption
from the need for a Section 404 permit
altogether (see 33 CFR 323.4). District
engineers are authorized. where local
circamstances indicate the need. to
defipe the term “expected high flows”
for the purpose of establishing
applicability of this nationwide permit.
(Sections 10 and 404}

(15) Discharges of dredged or fill
material incidental to the construction of
bridges across navigable waters of the
United States, including cofferdams.
abutments, foundation seals. piers, and
temporary construction and access fills
provided such discharge has been
authorized by the US Coast Guard as
part of the bridge permit. Causeways
and approach fills are not included in
this nationwide permit and will require
an individual or regional Section 404
permit. (Section 404)

(16) Return water from an upland.
contatned dredged material disposal
area (see 33 CFR 323.2(d)) provided the
state has issued a site specific or generic
certification ander section 401 of the
Clean Water Act (see also 33 CFR
325.2(b)(1)). The dredging itself requires
a Section 10 permit if located in
navigable waters of the United States.
The return water or runofl from a
contained disposal area is
administratively defined as a discharge
of dredged material by 33 CFR 323.2(d)
even though the disposal itself occurs on
the upiand and thus does not require a
section 404 permit. This naticawide
permit satisfies the technical
requirement for a section 404 permiit for
the retarn water where the qoality of the
return water is controlied by the state
through the section 401 certification
procedures. (Section 404)

(17) Fills associated with small
hydropower projects at existing
reservoirs where the project which

includes the fill is licensed by the
Federal Energy Regulatory Commission
(FERC) under the Federal Power Act of
1920, as amended: has a total generating
capacity of not more than 1500 kw (2.000
horsepower): qualifies for the short-form
licensing procedures of the FERC (see 18
CFR 4.81}; and the district or division
engineer makes a determination that the
individual and cumulative adverse
effects on the environment are minimal
in accordance with § 330.7 (c){(2) and (d).
(Section 404)

(18) Discharges of dredged or fill
material into all waters of the United
States other than wetlands that do not
exceed ten cubic yards as part of a
single and complete project provided the
material is not placed for the purpose of
stream diversion. (Sections 10 and 404)

(19) Dredging of no more than ten
cubic yards from navigable waters of
the United States as part of a single and
complete project. This permit does not
authorize the connection of canals or
other artificial waterways to navigable
waters of the United States (see Section
33 CFR 322.5(g)). (Section 10)

(20) Structures. work. and discharges
for the containment and cleanup of oil
and hazardous substances which are
subject to the National Oil and
Hazardous Substances Pollution
Contingency Plan, (40 CFR Part 300).
provided the Regional Response Team
which is activated under the Plan
concurs with the proposed containment
and cleanup action. (Sections 10 and
404)

(21) Structures, work. discharges
associated with surface coal mining
activities provided they were authorized
by the Department of the Interior. Office
of Surface Mining. or by states with
approved programs under Title V of the
Surface Mining Control and Reclamation
Act of 1977; the appropriate district
engineer is given the opportunity to
review the Title V permit application
and all relevant Office of Surface
Mining or state (as the case may be)
documentation prior to any decsion on
that application; and the district or
division engineer makes a determination
that the individual and cumulative
adverse effects on the environment from
such structures, work, or discharges are
minimal in accordance with §§ 330.7 (c)
(2) and (3) and (d). (Sections 10 and 404)

(22) Minor wuark, fills, or temporary
structures required for the removal of
wrecked. asbandoned. or disabled
vessels. or the removal of man-made
obstroctions to navigation. This permit
does not authorize meintenance
dredging. shoal removal, or river bank
snagging. (Sections 10 and 404)

(23) Activities, work. and discharges
undertaken. assisted. authorized.
regulated, funded. or financed. in whole
or in part, by another federal agency or
department where that agency or
department has determined, pursuant to
the CEQ Regulation for Implementing
the Procedural Provisions of the
National Environmental Policy Act (40
CFR Part 1500 et seq.), that the activity.
work, or discharge is categorically
excluded from environmental
documentation because it is included
within a category of actions which
neither individually nor cumulatively
have a significant effect on the human
environment, and the Office of the Chief
of Engineers (ATTN\: DAEN-CWO-N)
has been furnished notice of the
agency's or department’s application for
the categorical exclusion and concurs
with that determination. Prior to
approval for purposes of this nationwide
permit of any agency's categorical
exlcusions. the Chief of Engineers will
solicit comments through publication in
the Federal Register. (Sections 10 and
404) _

(24) Any activity permitted by a state
administering its own Section 404 permil
program for the discharge of dredged or
fill material authorized at 33 U.S.C.
1344(g)—{(1) is permitted pursuant to
section 10 of the Rivers and Harbors Act
of 1899. Those activities which do not
involve a section 404 state permit are
not included in this nationwide permit
but many will be exempted by section
1540fPub.L94—587.[See33CFR
322.3(a)(2)). (Section 10)

(25) Discharge of concrete into tightly
sealed forms or cells where the concrete
is used as a structural member which
would not otherwise be subject to Clean
Water Act jurisdiction. (Section 404)

(26) Discharges of dredged or fill
material into the waters listed in
paragraphs (a}(26) (i) and (ii) of this
section except those which cause the
loss or substantial adverse modification
of 10 acres or more of such waters of the
United States. including wetlands. For
discharges which cause the loss or
substantial adverse modification of 1 to
10 acres of such waters. including
wetlands. notification to the district
engineer is required in accordance with
section 330.7 of this section. (Section
404).

(i) Non-tidal rivers, streams. and thei.
lakes and impoundments, including
adjacent wetlands, that are located
above the headwaters.

(ii) Other non-tidal waters of the
United States. including adjacent
wetlands, that are not part ot a surface
tributary system to interstate waters o
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_ navigable waters of the United States
(i.e.. isolated waters).

(b) Conditions. The following special
conditions must be followed in order for
the nationwide permits identified in
paragraph (a) of this section to be valid:

(1) That any discharge of dredged or
fill material will not occur in the
proximity of a public water supply
intake.

(2) That any discharge of dredged or
fill material will not occur in areas of
concentrated shellfish production unless
the discharge is directly related to a
shellfish harvesting activity authorized
by paragraph (a)(4) of this section.

(3) That the activily will not
jeopardize a threatened or endangered
species as idertified under the
Endangered Species Act (ESA). or
destroy or adversely modify the critical
habitat of such species. Ln the case of
federal agencies, it is the agencies’
responsibility to compiy with the
requirements of the ESA. If the activity
may adversely affect any listed species
or critica! habitat. the district engireer
must initiate Section 7 consultation in
accordance with the ESA. In such cases.
the district engireer may:

(i) Initiate section 7 consultation and
then. upon completion. acthorize the
activity under the naticnwide permit by
adding. if appropriate. activity specific
conditions. or

(ii) Prior to or concurrent with section
7 consultation he may recommend
discretionary authority (See section
330.8) or use modification suspension.
or revocation procedures (See 33 CFR
325.7).

(4) That the activity shall not
significantly disrupt the movement of
those species of aqualic life indigenous
to the waterbody (unless the primary
purpose of the fill is to impound water):

(5) That any discharge of dredged or
fi!i material shall consist of suitabie
material free from toxic pollutants (see
gection 307 of the Clean Water Act) in
to~ic amounts:

(8) That any structure or fill
authorized shall be properly maintained.

(7) That the activity will not occur in a
component Of the National Wild and
Scenic River System: nor in a river
officially designated by Congress as a
“study river” for possible inclusion in
the system. while the river is in an
official study status:

(8) That the activity shall not cause an
unacceptable interference with
navigation:

(9) That, if the activity may adversely
affect historic properties which the
National Park Service has listed on. or
determined eligible for listing on, the
National Register of Historic Places. the
permittee will notify the district

engineer. If the district engineer
determines that such historic properties
may be adversely affected. he will
provide the Advisory Council on
Historic Preservation an opportunity to
comment on the effects on such historic
properties or he will consider
modification. suspension. or revocation
in accordance with 33 CFR 325.7.
Furthermore. that, if the permittee before
or during prosecution of the work
authorized. encounters a historic
property that has not been listed or
determined eligible for listing on the
National Register, but which may be
eligible for listing in the National
Register. he shall immediately notify the
district engineer:

(10) Thet the construction or operation
of the activity will not impair reserved
tribal rights. including. but not limited
to. reserved water rights and treaty
fishing and hunting rights:

(11) That in certain states. an
individunl state water quality
certification must be obtained or waived
(See § 330.9):

(12) That in certain states. an
individual state coastal zone
management consistency concurrence
must be obtained or waived (See
§ 330.10):

(13) That the activity will comply with
regional conditions which may have
been added by the division engineer
(See § 330.8(a)): and

(14) That the management practices
listed in § 330.8 of this part shall be
followed to the maximum extent
practicable.

(c) Further information. (1) District
engineers are authorized to determine if
an activity complies with the terms and
conditions of a nationwide permit unless
that decision must be made by the
division engineer in accordance with
§ 330.7.

(2) Nationwide permits do not obviate
the need to obtain other Federal. state or
local authorizations required by law.

(3) Nationwide permits do not grant
any property rights or exclusive
privileges.

(4) Nationwide permits do not
authorize any injury to the property or
rights of others.

(5) Nationwide permits do not
au:“orize interference with any existing
or proposed Federal project.

(d) Modification. Suspension or
Revocation of Nationwide Permits. The
Chief of Engineers may modify, suspend.
or revoke nationwide permits in
accordance with the relevant
procedures of 33 CFR 325.7. Such
authority includes, but is not limited to:
adding individual. regional. or
nationwide conditions: revoking
authorization for a category of activities

or a category of waters by requiring
individual or regional permits: or
revoking an authorization on a case-by-
case basis. This authority is not limited
to concerns for the aquatic environment
as is the discretionary authority in

§ 330.8.

§330.6 Management practices.

(a) In addition to the conditions
specified in § 330.5 of this Part, the
following management practices shall
be followed. to the maximum extent
practicable. in order to minimize the
adverse effects of these discharges on
the aquatic environment. Failure to
comply with these practices may be
cause for the district engineer to
recommend, or the division ergineer to
take. discretionary authority to regulate
the activity on an individual or regional
basis pursuant to § 330.8 of this Part.

(1) Discharges of dredged or fill
material into waters of the United States
shall be avoided or minimized through
the use of other practical alternatives.

(2) Discharges in spawning areas
during spawning seasons shall be
avoided.

(3) Discharges shall not restrict or
impede the movement of aquatic species
indigenous to the waters or the passage
of normal or expected high flows or
cause the relocation of the water (unless
the primary purpose of the fill is to
impound waters).

(4) If the discharge creates an
impoundment of water. adverse impacts
on the aquatiic system caused by the
accelerated passage of water and/or the
restriction of its flow shall be
minimized.

(5) Discharge in wetlands areas shall
be avoided.

(6) Heavy eauipment working in
wetlends sha!l be placed on mats.

(7) Discharges into breeding areas for
migiatory waterfow! shall be avoided.

(8) Ai! temporary filis shall be
removed in their entirety.

§ 330.7 Notification procedures.

(a) The general permittee shall not
begin discharges requiring pre-discharge
notification pursuart to the nationwide
permit at § 330.5(a)(28):

(1) Until notified by the district
engineer that the work may proceed
under the nationwide permit with any
special conditions imposed by the
district or division engineer: or

(2) If notified by the district or
division engineer that an individual
permit may be required: or

(3) Unless 20 days have passed from
receipt of the notification by the district
engineer and 0o nouce has been
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received from the district or division
engineer.

(b) Notification pursuant to the
pationwide permit at § 330.5{a)(26) must
be in writing and include the
information listed below. Notificatioa is
not an admission that the proposed
work would result in more than minimal
impacts to waters of the United States: it
simply ailows the district or division
engineer to evaluate specific activities
for compliance with general permit
criteria.

(1) Name, address, and phone number
of the general permittee:

(2) Location of the planned work:

(3) Brief description of the proposed
work. its purpose, and the approximate
size of the waters, including wetlands.
which would be lost or substantially
adverselv modified as a result of the
work: and

(4) Any specific information required
by the nationwide permit and any other
information that the permittee believes
is appropriate.

(c) District engineer review of
notification. Upon receipt of
notification. the district engineer will
promptly review the general permittee’s
notification to determine which of the
following procedures should be
followed:

(1) If the nationwide permit at
# 330.5(a)(28) is involved and the district
engineer determines either. (i) the
proposed activity falls within a class of
discharges or will occur in a category of
waters which has been previously
identified by the Regional
Administrator, Environmental Protection
Agency: the Regional Director. Fish and
wildlife Service: the Regional Director,
National Marine Fisheries Service; or
the heads of the appropriate state
natural resource agencies as being of
particular interest to thoee agencies; or
(ii) the particular discharge has not been
previously identified but he believes it
may be of importance to those agencies,
he will promptly forward the
notification to the division ergineer and
the head and appropriate staff officials
of those agencies to afford those
agencies an adequate opportunity before
such discharge occurs to consider such
notification and express their views, if
any. to the district engineer concerning
whether individual permits should be
required.

(2) If the nationwide permits at
§ 320.5(a) (7). (17). or (21) are involved
and the Environmental Protection
Agency. the Fich and wildlife Service.
the National Marine Fishenes Service or
the appropriate state natural resource or
water quality agencies forward concerns
to the district engineer. he will forward
those concerns to the division engineer

together with a statement of the factors
pertinent to a determination of the
environmental effects of the proposed
discharges. inclnding those set forth in
the 404(b)(1) guidelines, and his views
on the specific points raised by those
agencies.

{3) If the nationwide permit at
§ 330.5(a)(21) is invoived the district
engineer will give notice to the
Environmental Protection Agency and
the appropriate state water quality
agency. This notice will include as a
minimum the information required by
paragraph (b) of this section.

(d) Division engineer review of
not:fication. The division engineer will
review all notifications referred to him
in sccordance with paragraph [cK1) or
(c)(2) of this section. The division
engineer will require an individual
permit when he determines that an
activitv does not comply with the terms
or conditions of a nationwide permit or
does not meet the definition of a general
permit (see 33 CFR 322.2(f) and 323.2(n))
including discharges under the
nationwide permit at § 330.5(a}{26)
which have more than minimal adverse
environmental effects on the aquatic
environment when viewed either
cumulatively or separately. In reaching
his decision. he will review factors
pertinent to a determination of the
environmental effects of the proposed
discharge. including those set forth in
the 404(b)(1) guidelines, and will give
full consideration to the views, if any, of
the federal and state natural resource
agencies identified in paragraph (c) of
this section. If the division engineer
decides that an individual permit is not
required. and a federal or appropriate
state natural resource agency has
indicated in writing that an activity may
result in more than minimal adverse
environmental impacts. he will prepare
a written statement. available to the
public on request. which sets forth his
response to the apecific points raised by
the commenting agency. When the
division engineer reaches his decision
he will notify the district engineer, who
will immediately notify the general
permittee of the divisicn engineer’s
decision.

§3308 Discretionary suthority.

Excep! as provided in paragraphs (c)
(2) and (d) of this section. division
engineers on their own initiative or upon
recommendation of a district engineer
are authorized to modify nationwide
permits by adding regional conditions or
{0 override nationwide permits by
requiring individual permit applications
on a case-by-case basis, for a category
of activities. o1 in specific geographic
areas. Discretionary authority will be

based on concems for the aquatic
environment as expressed in the
guidelines published by EPA pursuant to
section 404(b)(1). (40 CFR Part 250)

(a) Activity Specific conditions.
Division engineers are swthorired to
modify nationwide permits by adding
individual conditions on 8 case-by-case
basis applicable to certain activities
within their division. Activity specific
conditions may be added by the District
Engineer in instances where there is
mutual agreement between the district
engineer and the permittee. Furthermore.
district engineers will condition NWPs
with conditions which have been
imposed on a state section 401 water
quality certification issued pursuant to
$ 330.9 of this Part.

(b) Regional conditions. Division
engineers are authorized to modify
nationwide permits by adding
conditions on a generic basis applicable
\o certain activities or specific
geographic areas within their divisions
In developing regional conditions.
djvision and district engineers will
follow standard permit processing
procedures as prescribed in 33 CFR Part
325 applying the evaluation criteria of 33
CFR Part 320 and appropriate parts of 33
CFR Parts 321, 322, 323. and 324.
Division and district engineers will take
appropriate measures to inform the
public of the additional conditions.

(c) Individual permits—1) Case-by-
Case. In nationwide permit cases where
additional individual or regional
conditioning may not be sufticient to
address concerns for the aquatic
environment or where there is not
sufficient time to develop such
conditions under paragraphs (a) or (b) of
this section, the division engineer may
suspend use of the nationwide permit
and require an individual permit
application on a case-by-case basis. The
district engineer will evaluate the
application and will either issue or deny
a permit. However. if at any time the
reason for taking discretionary authority
is satisfied. then the division engineer
may remove the suspension, reactivating
authority under the nationwide permit.
Where time is of the essence, the district
engineer may telephonically recommend
that the division engineer asser!
discretionary authority to require an
individual permit application for 8
specific activity. If the division engineer
concurs, he may orally authorize the
district engineer to implement that
authority. Oral authorization sbould be
followed by written confirmation.

(2) Category. Additionaliy. afier
notice and opportunity for public
hearing. division engineers may decide
that individual permit appiications
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should be required for categories of
activities, or in specific geographic
areas. However, only the Chief of
Engineers may modify. suspend. or
revoke nationwide permits on a
statewide or nationwide basis. The
division engineer will announce the
decision to persons affected by the
action. The district engineer will then
regulate the activity or activities by
processing an application(s) for an
individual permit(s) pursuant to 33 CFR
Part 325.

(d) For the nationwide permit found at
§ 330.5(a)(26). after the applicable
provisions of § 330.7(a) (1) and (3) have
been satisfied, the permittee’s right to
proceed under the general permit may
be modified. suspended. or revoked only
in accordance with the procedure set
forth in 33 CFR 325 7.

(e) A copy of all modifications or
revocations of activities covered by
nationwide permits will be forwarded to
the Office of the Chief of Engineers,
ATTN: DAEN-CWO-N.

§330.9 State water quality certification.

(a) State water quality certification is
required for nationwide permits which
may result in any discharge into waters
of the United States. If a state issues a
water quality certification which
includes special conditions. the district
engineer will add these conditions as
conditions of the nationwide permit in
that state. However. if such conditions
do not comply with the provisions of 33
CFR 325.4 or if a state denies a required
401 certification for a particular
nationwide permit. authorization for all
discharges covered by the nationwide
permit within the state is denied without
prejudice until the state issues an
individual or generic water quality
cerlification or waives its right to do so.
A district engineer will not process an
individual permit application for an
activity for which authorization has
been denied without prejudice under the
nationwide permit program. However, if
the division engineer determines that it
would otherwise be appropriate to
exercise his discretionary authority,
pursuant to § 330.8, to override the
nationwide permit or permits in
question, he may do so. and the district
engineer may proceed with the
processing of individual permit
applicatiors. In instances where a state
has denied the 401 water quality
certification for discharges under a
particular nationwide permit. applicants
must furnish the district engineer with
an individual or generic 401 certification
or a copy of the application to the state
for the certification. If a state fails to act
within a reasonable period of time (see
§ 325.2(b)(1)(ii)). a waiver will be

presumed. Upon receipt of an individual
or generic certification or a waiver of
certification, the proposed work is
authorized under the nationwide permit.
If a state issues a conditioned individual
certification, the district engineer will
include those conditions that comply
with 33 CFR 325.4 as special conditions
of the nationwide permit (see 33 CFR
Part 330.8(a)) and notify the applicant
that the work is authorized under the
nationwide permit provided all
conditions are met.

(b) Certification requirements for
nationwide permits fall into the
following general categories:

(1) No certification required.
Nationwide permits numbered 1. 2, 4, 5.
8. 9. 10. 11, and 19 do not involve
activities which may result in a
discharge and therefore 401 certification
is not applicable.

(2) Certification sometimes required.
Nationwide permits numbered 3. 8, 7, 13,
20. 21. 22. and 23 each invelve verious
activities. some of which may resultin a
discharge and require certification. and
others of which do not. State denial of
certification for any specific nationwide
permit in this category affecis on!y those
activities invnlving discharges. Those
not involving discharges remainin
effect.

(3) Certification required. Nationwide
permits numbered 12. 14. 15, 16, 17. 18,
24. 25. and 26 involve activities which
would result in discharges and therefore
401 certification is required.

(c) District engineers will take
appropriate measures to inform the
public of which waterbodies or regions
within the state. and for which
nationwide permits, an individual 401
water quality certification is required.

§ 330.10 Coastal 20ne management
consistency determination.

In instances where a state has not
concurred that a particular nationwide
permit is consistent with an approved
coastal zone management plan,
authorization for ali activities subject to
such nationwide permit within or
affecting the state coastal zone agency's
area of authority is denied without
prejudice unti! the applicant has
furnished to the district engineer a
coastal zone management consistency
determination pursuant to section 307 of
the Coastal Zone Management Act and
the state has concurred in it. If a state
does not act on an applicant's
consistency statement within six months
after receipt by the state, consistency
shall be presumed. District engineers
will take appropriate measures to inform
the public of which waterbodies or
regions within the state. and for which
nationwide permits, such individual

consistency determination is required.
District engineers will not process any
permit application for an activity which
has been denied without prejudice
under the nationwide permit program.
However, if the division engineer
determines that it would otherwise be
appropriate to exercise his discretionary
authority, pursuant to § 330.8. to
override the nationwide permit or
permits in question, he may do so. and
the district engineer may proceed with
the processing of individual permit
applications.

§ 330.11 Nationwide permit verification.

(a) General permittees may. and in
some cases must, request from a district
engineer confirmation that an activity
complies with the terms and conditions
of a nationwide permit. District
engineers will respond promptly to such
requests. The response will state that
the verification is valid for a period of
no more than two years or a lesser
period of time if deemed appropriate.
Section 330.12 takes precedence over
this section. therefore. it is incumbent
upon the permittee to remain informed
of changes o nationwide permits.

(b) If the district engineer decides that
an activity does not comply with the
terms or conditions of a nationwide
permit, he will so notify the person
desiring to do the work and indicate that
an individual permit is required (unless
covered by a regional permit).

(c) If the district engineer decides that
an activity does comply with the terxs
and conditions of a nationwide permit
he will so notify the general permittee.
In such cases, as with any activity
which qualifies under a nationwide
permit, the general permittee’s right to
proceed with the activities under the
nationwide permit may be modified,
suspended. or revoked only in
accordance with the procedures of 33
CFR 325.7. .

§ 330.12 Expirstion of nationwide permits.

The Chief of Engineers will review
nationwide permits or: a continual basis,
and will decide to either modify. reissue
(extend) or revoke the permits at least
every five years. If a nationwide permit
is not modified or reissued within five
years of publication in the Federal
Register, it automatically expires and
becomes null and void. Authorization of
activities which have commenced or are
under contract to commence in reliance
upon a nationwide permit will remain in
effect provided the activity is completed
within twelve months of the date a
nationwide permit has expired or wae
revoked unless discretionary permit
authority has been exercised in
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accordance with § 330.8 of this Part or
modification. suspension, or revocation
are initiated in acocordance
with the refevent provisions of 33 CFR
325.7. Activities completed under the
authortzation ef a nationwide permit
which weas in effect at the time the
activity was compieted continee to be
" authorized by that nationwide permit.

[FR Doc. 86-25301 Filed 11-12-8& 8:45 am)
SELLIG CODE 37 10-00-4

Printed on Recycled Paper ¢y




June 26, 1990

mos“r:'rmu“s. ! Rick Acuna

okwn 109 . ) : .

i Browning-Ferris Industries of Arizona, Inc.
(602) 972 8118 1580 E. Elwood

Phoenix, AZ 85040

ROSARIO YALENIUELA

() Hors RE: Cholla Landfill Floodplain Review [Landfill]
JOHN GARLZA
Yha oyl Dear Rick:
(AROLINA HERNANDEZ
oot In accordance with the provisions of the Floodplain
ALTHUR KORENO Management Ordinance of the City of El Mirage, the City
® i has reviewed the application of Browning-Ferris
s Industries of Arizona, Inc. (BFI) for a floodplain

development permit for the Cholla Landfill. Pursuant to
the Floodplain Management Ordinance, your application
for a floodplain development permit for the Cholla
Landfill is hereby approved, subject to the conditions
® set forth in this letter.

In the application, you incorporated by reference the
floodplain development permit application for the Cholla

\ Landfill bank stabilization. This approval likewise
incorporates the floodplain development permit approval
® for the Cholla landfill bank stabilization as set forth

in my letter of June 26, 1990. The landfill shall not
accept refuse until the construction of the bank
stabilization is complete.

Although the area of the Cholla Landfill is not currently
included on the official Flood Insurance Rate Maps (FIRM)
for this site, preliminary indications are that a portion
of the subject area may be included in the next official
map. Pursuant to the Floodplain Management Ordinance of
the City of El Mirage, I deem this area to be subject to
® jurisdiction of the City of El1 Mirage with respect to
floodplain matters.

Applications have been submitted to the Arizona
Department of Environmental Quality (ADEQ) for the Cholla
Landfill. No construction on the actual landfill shall

o commence until the aquifer protection permit and the
solid waste disposal operations plan have been approved
by ADEQ.

ez
Sincerely,

5 @ o

R -
Scoté ﬁind
Floodplain Administrator

cc: Wood & Associates and Mathews, Kessler & Associates
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June 26, 1990

(1Y HALL
14405 N Pokm Sieel
[ Muoge, AZ 85335

(602) 972 8118

Rick Acufia
Browning-Ferris Industries of Arizona, Inc.
ROSALIO YALENIUEUA 1580, E. Elwood -
e boya Phoenix, AZ 85040

JOHN GARIA

Yea Moy RE: . ‘Cholla Landfill Floodplain Review [Bank

CAROUNA HERNANDEL Stabilization)

MARY IAGUIRRE
PY AR R0 Dear Rick:

ROBERT ROBLES

g e In accordance with the provisions of the Floodplain
Management Ordinance of the City of E1 Mirage, the City
has reviewed the application of Browning-Ferris
Industries of Arizona; 'Ine. (BFI) for a floodplain
PY development permit for the Cholla Landfill Bank
Stabilization and Levee Repair. Pursuant to the
Floodplain Management Ordinance, your application for a
floodplain development permit for the Cholla Landfill
Bank Stabilization and Levee Repair is hereby approved,
subject to the conditions set forth in this letter.

All construction and other activities shall be in
accordance with the Engineering Design, Calculations and
Studies for Cholla Landfill Bank Stabilization and Levee
Repair, prepared by Mathews, Kessler & Associates dated
December, 1989 (the "Report"), as modified by a letter
) from Mathews, Kessler & Associates to Mr. Scott Lind,
Floodplain Administrator, dated March 27, 1990, and as
amende by the following paragraph.

The first paragraph on page 31 of the Report is amended
to read:

To insure the continued integrity of the rip-rap
bank stabilization project, the landfill owner will
commit to semiannual field inspections, as well as
field inspections after a flooding event which
equals or exceeds 20,000 cfs, for the entire
® stabilized bank between Olive Avenue and Northern
Avenue. The City will be provided a certification
by a registered professional engineer that the
system 1is structurally intact and adequately
maintained. In the event that structural defects

or need for maintenance should be noted, the City
® of El1 Mirage will be notified within 10 days of the
certification of further action to be taken. That
notification shall include a specific plan of action
to implement maintenance and repairs as necessary

to insure the integrity of the system. 5
® Printed on Recycled Paper ¢ 3




Browning-Ferris Industries of Arizona, Inc.
May 24, 1990
¢ Page 2

The City of El Mirage will require that as-built drawings
be submitted along with a certification from a registered
] professional engineer that site improvements were
constructed in accordance with the construction drawings.

2

Sinc fély
@ / _’/,2
5 L’//]r 5

Scott Lind
Floodplain Administrator

cc: Wood & Associates
Mathews, Kessler & Associates

® Printed on Recycled Paper
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ENVIRONMENTAL REGULATORY COMPLIANCE
EVALUATION REPORT

UNION ROCK & MATERIALS CORPORATION
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El Mirage, Arizona

Preparcd By:

SCS ENGINEERS
2702 North 44th Street
Suite 105 B
Phoenix, Arizona 85008
(602) 840-2596
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SECTION 1
INTRODUCTION

BACKGROUND
[ J
Union Rock and Materials Corporation (Union Rock) has requested that a Real Estate
Transfer Environmental Compliance Audit be performed at its Plant Number Six in El
Mirage, Arizona. Operations at the site include aggregate mining, equipment maintenance
. and storage, and concrete and asphalt production.
SCOPE OF WORK
* SCS Engineers (SCS) was retained by Union Rock to perform a Real Estate Transfer
Environmental Compliance Audit to evaluate environmental conditions at the subject
property. The audit was performed in accordance with our proposal dated December 19,
1988, and consisted of a site reconnaissance, site history search, review of regulatory
® records, soil sampling and laboratory analysis, and this report. To assist SCS, Mr. Bill
Peck of Union Rock supplied the following materials:
o aerial photograph of El Mirage property, dated 12/20/88;
o o geotechnical boring logs from Olive Avenue Bridge area, dated 12/3/84 through
1/22/85;
o aggregate test worksheets and sieve analyses, dated 2/26/75;
o) pump test data sheet for Union Rock and Material Well #1, dated 12/2/88;
= o Policy of Title Insurance issued by Arizona Title Insurance and Trust Company,
Policy No. S-347170-T;
o survey plat of W1/2 of Section 36, T3N, R1W, dated 1/17/89;
o Bureau of Air Pollution Control Operating Permit No. A8600158 and three
® citations, dated 10/27/88;
o Arizona Department of Environmental Quality Registration for Underground
Storage Tanks form, filed 4/30/86; and
o 0 water sample laboratory report for water sample collected on 2/2/86.

o 1 - Pninted on Recycled Paper 3
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LIMITATIONS

This report has been specifically prepared for Union Rock with regard to the assessment
of environmental conditions at the subject site. The report has been prepared within the
limits prescribed by Union Rock in a manner consistent with the level of care and skill
ordinarily exercised by other professional consultants, under similar circumstances at the
time the services were performed, in this or similar localities. No other representation,
either expressed or implied, and no warranty or guarantee is made as to the professional
advice presented herein. Because regulatory criteria are constantly changing, contaminant
levels presently considered low may, in the future, fall under different regulatory
standards that require remediation. Positive identification of asbestos-containing materials
can only be accomplished through laboratory analysis; no such analyses were made as

part of this investigation.
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SECTION 2
SITE INFORMATION

LOCATION

The site is located at 8641 North El Mirage Road in El Mirage, Arizona, and occupies
approximately 320 acres in the west half of Section 36, Township 3 North, Range 1 West
of the Gila and Salt River Base Line Meridian. A site location map is provided in

Figure 1.

DESCRIPTION

On January 31, 1989, SCS personnel conducted a visual reconnaissance of the site in order
to gain an appreciation of site conditions and current uses. Surface and subsurface soil

samples were subsequently collected on February 8 and 9, 1989.

Union Rock Plant No. 6, occupying approximately 75 acres in the northern portion of the
property, consists of an aggregate mining operation, a concrete batch mixing plant, an
asphalt batch mixing plant, and several buildings including an office, residence, and shops
for maintenance of trucks and equipment. Kiewit Western Company (Kiewit) maintains an
equipment and materials storage area on the southern portion of the property which
occupies approximately seven acres. The eastern portion of the property is comprised of
the Agua Fria River bed, and the northern, western, and southern portions of the site

include approximately 90 acres of idle agricultural land. A site map is provided in Figure 2.

SITE USE

Union Rock & Materials Corporation

The active sand and gravel pit in the north-central portion of the property currently
supplies material for the plant. This pit is located west of the present bed of the Agua
Fria River and ranges from approximately 50 to 80 feet deep. Mr. Marshall Jurn, plant
superintendent for Union Rock Plant No. 6, reported that materials were formerly mined
from the old pit in the river bed. A portion of the eastern edge of the active pit is

covered by asphalt and concrete debris, reportedly from the removal of old roadbeds
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prior to resurfacing. Sand and gravel is transported from the active pit via a series of
electrically-driven conveyors to the crusher, located 200 feet northeast of the northeast
corner of the fenced area. Maintenance of the crusher and associated equipment includes
the application of oil and grease. Minor staining, apparently the result of spillage during
routine maintenance procedures, was observed in several areas around the crusher. Four
drums of used gear oil were observed in various locations near the crusher during the site
reconnaissance; these containers were stored on bare soil and identified as used gear oil
by Non-Regulated Waste Labels. Drums of new oil were stored in a similar manner. A
transformer, identified by Arizona Public Service (APS) as No. W9718, is located adjacent
to the crusher on a concrete pad imprinted with the date September, 1980. No evidence

of fluid leakage from this transformer was observed.

Crushed material is then transported to the wash plant, located approximately 500 feet
southwest of the crusher within the fenced area, where it is washed, sieved and
segregated. The wash plant, which requires a large volume of water for efficient
operation, uses fresh water from an on-site well and recycled water from adjacent ponds
containing used wash water. Used water flows from the wash plant into the first of a
series of two settling ponds, each currently approximately 1.5 acres in size. Water is
returned to the wash plant from the second settling pond. Three abandoned settling
ponds, dry at the time of our site reconnaissance, are also located in the vicinity of the
wash plant. Used lubricating oil is stored at the wash plant in the same manner as at
the crusher, but some drums of lube oil and antifreeze were placed horizontally on a rack.
Minor staining was observed beneath these drums. An APS transformer (No. W9719) is
located adjacent to the wash plant. No visible leakage from this transformer was

observed.

The concrete batch plant consists of mixing facilities and various aboveground tanks used
to store admixes, dry cement and fly ash (Figure 3). The admix tanks are located on a
concrete slab (without containment berms) and include three 1,500 gallon polyethylene
tanks, one 500 gallon polyethylene tank, and one insulated tank with an estimated capacity
of 2,000 gallons. Mobile tanker trucks also dispense special admixes for some batches of
concrete, and one was parked near the polyethylene tanks during the site reconnaissance.

An on-site review of Material Safety Data Sheets pertaining to admixes stored on the site
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indicated that some of these materials contain compounds such as formaldehyde. Because
‘ formaldehyde is a listed hazardous waste, spillage of this material must be treated as
such. A refrigerator truck trailer was also located in this area; during warmer months, it
contains ice which is used to prevent elevated temperatures from occurring in concrete
during the mixing process. During the site inspection, soil staining could not be
evaluated because soil surrounding the concrete plant was wet from water used in the
mixing process. Mr. Jurn reported that the concrete plant is approximately two years old.

A small, two-story administrative office building is located south of the concrete plant.

Trucks used in the transport of concrete are rinsed of concrete residue at the truck wash

area. The wash area consists of a concrete pad which directs wash water to an unlined

ditch located east of the pad. This ditch also receives runoff from the steam cleaning

area adjacent to the truck maintenance shop. Once water flows north through this ditch, |
it apparently infiltrates the soil north of the wash area. As this ditch accumulates
concrete and sediment, it is periodically excavated. Piles of the excavated matecrial were
observed adjacent to the northeast corner of the wash area pad. Unused concrete from
returning trucks has apparently been dumped along the west bank of the Agua Fria River,

in the area east of the settling ponds.

According to Mr. Jurn, the asphalt batch plant was placed at its present location in the
mid-1970s. The asphalt batch plant basically consists of aggregate storage bins,

aggregate heater/dryer, mixer, and loading bin. Aggregate is transported from the storage
bins into the heater/dryer via a conveyor. As the aggregate is heated and dried, air is
drawn off and filtered through the bag house. Dust which accumulates in the bag house

is periodically emptied into an unlined pit located east of the dryer.

The heater/dryer burner is fueled by burner fuel, which is stored in two aboveground
tanks located south of the asphalt batch plant. These tanks, approximately 10,000 and
8,000 gallons in size, were reportedly installed in November 1988, and are situated on bare
soil. One of the burner fuel tanks is insulated with what appears to be fiberglass and is
reportedly kept warm by circulating warm heating oil through this insulating jacket.
Diesel fuel is used as a backup fuel source for the aggregate heater/dryer burner. This
diesel fuel is stored in two tanks; one aboveground 12,000 gallon steel tank, and one

underground 12,000 gallon fiberglass tank. Mr. Jurn reported that the aboveground tank
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was installed in the early 1980s, and registration forms for the fiberglass tank indicate an
installation date of 1976. It was noted that, during the site reconnaissance, there was no
cap on the fill port of the underground tank. Underground piping carries both fuel

sources to the aggregate heater burner.

After the aggregate is heated, it is mixed with asphalt oil. This oil is stored in two
heated aboveground tanks with capacities of 20,000 and 25,000 gallons. Mr. Jurn reported
the age of these tanks to be approximately 15 years. Due to the high viscosity of the
asphalt oil, these tanks, associated plumbing and the mixing portion of the plant are
heated by circulating warm oil around these areas. This heating oil is circulated from a

1,000 gallon aboveground tank which is warmed by a natural gas burner.

Areas of soil staining were observed between the burner oil tanks. Mr. Jurn reported
that thivs staining occurred during installation of these tanks and their associated
plumbing. Staining was also observed beneath the fill port of the eastern burner oil
tank. Significant soil staining was noted beneath the south end of the aggregate dryer,
where underground piping, which carries fuel to the burner, surfaces. Soil around this
piping had apparently been previously excavated to a depth of approximately one foot,
apparently in an effort to locate a leak in the line. It was noted during the site
reconnaissance that a new section of galvanized pipe had been installed at this location.
The soil around the new section of pipe was saturated with black oily liquid and an
estimated one liter of this liquid was observed standing in the bottom of the excavation.
The depth of potential contamination could not be evaluated at this location due to
inadequate drill rig access caused by the proximity of equipment associated with the

aggregate dryer, clectrical transformers, and overhead structures.

Another area of significant surface soil staining was observed at the north end of the
asphalt oil tanks. This staining is reportedly the result of spillage during filling of the
tanks. A pit measuring approximately eight feet in length and width, and six feet in
depth, had been excavated in an area roughly ten feet north of thesc tanks to capture
this spillage. Stained soil from this pit is periodically excavated and disposed of in an
area dedicated to storage of old asphalt, located south of the fenced area. The pit had
been recently excavated to a depth of approximately seven feet at the time of our site

reconnaissance, and little staining was evident below a depth of six feet. Asphalt oil was
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also present in puddles directly beneath the north end of the tanks. None of the
aboveground tanks in the asphalt batch plant area are surrounded by containment

structures.

A transformer, APS No. W1815, is located near the asphalt batch plant. No leakage from
this unit was observed during our site reconnaissance. Several partially full and empty
drums were observed in various locations around the asphalt plant. These were labeled

turbine oil, gear oil, and soap-based asphalt release compound.

Prior to loading, the beds of trucks which carry asphalt must be lubricated to enable the
material to flow smoothly during dumping. A truck bed spray rack is located
approximately 100 feet west of the asphalt batch plant. As trucks enter the plant, the
beds are sprayed with a soap compound which is stored in a pressurized 550 gallon
aboveground tank. Mr. Jurn reported that prior to late 1988, diesel fuel was used as the
lubricating compound. This fuel was also stored in an aboveground 500 gallon tank,
apparently filled from the larger underground diesel fuel tank at the asphalt plant via an
underground supply line. Significant staining of soil was noted beneath and on both sides
of the spray rack, extending south approximately 100 feet (excess lubricant drips from the
truck bed as it is driven away from the spray rack). Several inches of soil are
periodically scraped from the west side of the spray rack and stockpiled adjacent to the
entrance road, at the location shown in Figure 3. Mr. Jurn reported that, during soil
removal, stained soils were seldom observed beneath a depth of approximately one to two
feet. After this soil has been stockpiled for an unspecified period of time, it may be used
in certain aggregate/asphalt mixtures. Soil has not been removed from the east side of
the spray rack due to the presence of utility lines in this area. Also observed near the
truck bed spray area was a stack of old railroad ties, reportedly removed from beneath

the asphalt batch plant when its foundation was replaced with concrete.

Cold mix asphalt is stockpiled in an area southeast of the truck bed spray area. This
material is placed on bare soil and is laterally contained within concrete barriers. Old
asphalt, generated by removal of old roadbeds and when new roadbeds are shaved, is
stockpiled on bare soil in an area located approximately 200 feet south of the asphalt
plant. A portion of this material is reused in certain asphalt mixtures. This stockpile

area occupies approximately 1.5 acres.
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An automobile and truck fueling facility is located near the main entrance to the plant.
According to registration forms filed with the Arizona Department of Environmental
Quality, underground fuel storage tanks at this facility include two 10,000 gallon steel
tanks of unknown age storing diesel fuel, and one 4,000 gallon steel tank of unknown age
storing gasoline. Staining was noted adjacent to the diesel dispenser and around the fill
ports of both diesel tanks. The dispenser nozzle is stored between uses in an upright

four inch diameter pipe, around which significant staining was observed.

The equipment maintenance garage consists of service bays, parts storage, an office, steam
cleaning area, and storage areas for new and used oils, etc. The service bays do not have
floor drains or grease traps. Fluids drained from equipment include oil, which is

disposed of in a 500 gallon underground waste oil tank, and antifreeze, which is
reportedly reused after addition of new rust inhibitor. Batteries are stored in a locked
storage room; six were in storage at the time of our site reconnaissance. No apparent

acid staining was observed in this storage space. Approximately twelve 55 gallon drums of
oil and grcaée are stored inside and adjacent to the south wall of the garage. No

staining was noted on the concrete slab in this area. Other liquids stored inside the
garage include new antifreeze (one drum), alkaline corrosion inhibitor (one drum), and
used antifreeze to be reused (one drum). A 30 gallon drum of granular absorbent is

located in a central area for usc in controlling spills of these materials.

Used materials are stored outside and adjacent to the west wall for eventual disposal.
One 55 gallon drum is dedicated to storage of spent solvent, which reportedly accumulates
at a rate of approximately one drum every six months. This drum is labeled with a
hazardous waste label, although the l'ettering has become illegible. As previously
mentioned, waste oil is stored in the underground tank, also located outside and adjacent
to the west wall of the garage. This tank is reportedly emptied two times per month by
B S & W Energy Corporation, who also reportedly collect the spent solvent on an as-
needed basis. An empty fiberglass tank with an estimated capacity of 500 gallons is also
located in this area. This tank reportedly formerly held dilute acid, which was used in
cleaning residue from concrete trucks. This method of cleaning has reportedly not taken
place at this site for approximately five years. Remodeling of the garage is presently
occurring, and includes a new contained storage area for aboveground waste oil, oil,

grease, and antifreeze tanks.
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The steam cleaning area is located adjacent to the drum storage area outside the west
wall of the maintenance shop. Equipment to be washed is parked on a concrete slab
adjacent to the steam cleaner. Runoff is directed from this slab to the nearby unlined
ditch, which also accepts runoff from the concrete truck wash area. A soap-bascd

detergent solution is occasionally used in the steam cleaner.

Kiewit Western Company

Kiewit maintains an equipment storage yard at the south end of the property along
Northern Avenue. During a site reconnaissance conducted on February 8, 1989, this arca
contained a steam cleaning area, vehicle maintenance area with an underground lube pit,
portable restrooms, drum storage area, at least 14 portable fuel tanks, two removed

underground storage tanks, and a residence.

The steam cleaning area is located in the southeast corner of the yard and consists of a

steam cleaner mounted on a concrete pad. An area of significant oily stains, occupying

approximately 25 square feet, was observed in soils adjacent to the west edge of the pad,
apparently related to cleaning operations. Based on field observation, depth of this

staining is at least one foot.

The vehicle maintenance area includes a drum storage rack, upon which were placed, in a
horizontal position, six 55 gallon drums of oil, antifreeze, and unidentified solvent. Soil
staining, apparently the result of leaking bung spouts and spillage during dispensing of
these products, was noted beneath these drums. The bottom of the underground lube pit
was covered with sheets of plywood, and it could not be ascertained if the bottom of the
pit was soil or concrete. No visible staining was noted on the plywood in the bottom of

the pit.

The drum storage area is comprised of a concrete pad surrounded by a six inch high berm.
Ten 55 gallon drums (four of which were laid in a horizontal position) and ten 5 gallon
cans were located on this pad at the time of our site reconnaissance. Contents of these
containers included oil, petroleum naphtha solvent, grease, and antifreeze. Minor staining
was observed on the concrete pad. Approximately 20 empty 55 gallon drums were stored

outside the west edge of the pad.
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Fourteen portable fuel storage tanks, with estimated sizes of 1,000 to 10,000 gallons,
were located along the west edge of the storage yard. These skid-mounted tanks were
labeled oil, diesel fuel and gasoline, and appeared to contain only small amounts of
product. Localized staining of soils beneath the tanks was noted. Two removed
underground tanks with estimated capacities of 4,000 and 10,000 gallons were also stored
in the yard. According to Mr. Jurn, these tanks would probably be converted to portable
fuel tanks such as those described above. Minor spillage had occurred from the fill and

pump ports of these tanks.
TOPOGRAPHY AND DRAINAGE

The site is located on the west bank of the Agua Fria River, an ephemeral stream which
flows from north to south. The old Union Rock pit is located in and topographically
lower than the river bed. A levee approximately 20 feet high separates the river bed
from adjacent wash water holding ponds to the west. Historical aerial photographs
indicate that aggregate mining in this and adjacent areas has been conducted in the river
bed and associated floodplain. Road and bridge construction has occurred both up and

down stream from the site.

Various areas on the site have been leveled to facilitate agricultural, and mining and
processing activities, pro'ducing an average topographic gradient across the property of
approximately one percent. Several lined irrigation ditches were observed traversing the
portion of the property formerly dedicated to irrigated agriculture; these are currently
inactive. No areas of significant runoff accumulation were noted during the site
reconnaissance. The wash water ponds do not appear to collect a significant amount of
runof f from the site. As noted earlier, water accumulates in the drainage ditch adjacent

to the concrete truck wash area.
HYDROGEOLOGY

The site is located within the West Salt River sub-basin of the Phoenix Active
Management Area. Three main water-bearing units comprise the basin-fill deposits.
These units are, in descending order, the Quaternary upper alluvial unit, the Quaternary

and Tertiary middle fine-grained unit, and the Tertiary lower conglomerate unit (U.S.

10
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g Bureau of Reclamation, 1976). Beneath the site, the depth to groundwater is
approximately 300 feet (Reeter and Remick, 1986). This was verified by a pump test
conducted by National Pump Service in December 1988 at the Union Rock well located in
the northwest portion of the site (Figure 2). The direction of regional ground water

® flow appears to be generally to the west (Reeter and Remick, 1986).
A water sample, reportedly from this well, was collected on December 2, 1986, and
analyzed by Western Technologies, Inc. (WTI). Volatile organic compounds were not

® detected, and concentrations of inorganic primary drinking water constituents met Safe
Drinking Water Act standards.
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SECTION 3
ADJACENT LAND USE

Properties surrounding the site are presently either vacant, active and idle agricultural

land, or dedicated to residential or light industrial/storage uses. Adjacent land uses are

described below and shown on Figure 2.

North - Vacant and Idle Agricultural Land

The site is bordered to the north by Olive Avenue. Idle agricultural land is present north

and northwest of the property. A vacant plot of land occupies an area between this }
agricultural land and the Agua Fria River. Aerial photographs indicate that this vacant |
area has been graded within the past year. No visible indications of contamination were

observed during a drive-by inspection, however, pesticide residues may be found on

agricultural land in this and other agricultural areas adjacent to the site.

East - Agua Fria River and Vacant Land

The eastern boundary of the site approximately coincides with the eastern bank of the
Agua Fria River bed. To the east of the river bed lies the currently undeveloped
Floodplain of the Agua Fria River. An area occupying approximately 1.5 acres, adjacent

to the east bank of the river bed, contains fill material of unknown origin and type.

South - Residential and Light Industrial

The site is bordered to the south by Northern Avenue. South of Northern Avenue are
several parcels of land occupied by residences, stored trailers and equipment, an
automobile salvage yard, and a small livestock corral. In the rear of one parcel, two
polyethylene tanks labeled Armor Termite and Pest Control were observed. It is assumed
that these tanks have been used for storage of pesticides. Because access to this site was
restricted, contents and condition of these tanks could not be evaluated. The listed

business address for Armor Termite and Pest Control is not at this location.

12

Printed on Recycled Paper 3




SCS ENGINEERS —

West - Active and Idle Agricultural Land

The site is bordered on the west by El Mirage Road. West of El Mirage Road is
agricultural land which is currently under cultivation. South of this cultivated area is a
parcel of vacant land which was apparently cultivated in the past. Also present on this
southern parcel is an abandoned residence which has miscellaneous solid waste dumped
around the area including furniture, soil, and tree clippings. No obvious sources of

significant contamination were observed during a drive-by reconnaissance of this area.
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SECTION 4
HISTORICAL LAND USE

According to information obtained by interview with Mr. Marshall Jurn, Plant
Superintendent for Union Rock Plant No. 6, the property was purchased in approximately

1975. Prior to that time, the facility was also operated as an aggregate mining concern.

A review of 11 aerial photographs, taken between 1967 and 1987, was conducted at Landis
Acrial Survey to evaluate the historic uses of the site. It should be noted that no aerial

photographs taken between the years of 1969 and 1978 were available for the site.

The 1967 photograph shows that the site, presently occupied by Union Rock, was
predominantly cultivated agricultural land. A residence and small pond were also observed.
- Some grading and/or removal of aggregate material had occurred to the north and south

of the site. A large lined drainage ditch, originating from Luke Air Force Base,

intersects the Agua Fria River approximately one-half mile south of the site.

Subsequent photographs indicate land use remained relatively unchanged. Exceptions to
this include the recent development of homes and a golf course one mile north and
approximately one-half mile east of the property; aggregate mining at the Union Rock
property (apparently commencing between 1969 and 1978), and southeast of Northern
Avenue and the Agua Fria River; and construction of the City of Glendale Landfill one
mile to the southeast between the years of 1969 and 1978. The 1987 photograph indicates
that aggregate mining at Union Rock Plant No. 6, was being conducted from the old pit

located in the Agua Fria River bed.
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SECTION 5
REGULATORY RECORDS REVIEW

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (EPA)

The CERCLIS list is an EPA database that identifies properties that have known or
suspected contamination problems. It includes all National Priority List (NPL) and
proposed NPL sites under EPA’s Superfund Program. CERCLIS data is cross-referenced by
zip code. The site lies within the zip code 85345 and is adjacent to the zip codes 85351,
85363, and 85307. The site is not currently in this database. The City of Glendale
Landfill, located approximately one mile southeast of the site, is on the CERCLIS list.

No other listed properties are located within one mile of the site.

The RCRA database was reviewed to ascertain if there are known RCRA-regulated
facilities near the site. The RCRA database is a computer-generated list, maintained by
the EPA, of registered hazardous waste facilities. The database indicates whether a site
is a generator of hazardous waste, or is a hazardous waste treatment, storage, or disposal
facility (TSDF). The database also indicates whether the facility transports hazardous
waste. A review of this database, dated October 21, 1987, did not reveal the prescnce of

any such facilities located within one mile of the site.

ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY (ADEQ)

Available information reviewed from ADEQ includes the following:

Registered and Leaking Underground Storage Tanks

Solid Waste Landfill Directory

Water Quality Assurance Revolving Fund (WQARF)

Arizona CERCLA Information and Data System (ACIDS)

Groundwater Quality Database for Arizona, 1987

Arizona Hazardous Waste Treatment, Storage, and Disposal Facilities (TSD)

Inventory of Registered Dry Wells

© © © © ©o © o o

Groundwater Quality Protection Permits
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Under state and federal law, persons who own or have owned underground storage tanks
containing "regulated substances" are required to complete a notification form and submit
it to the state. The assembled list (current through July 1988) is referred to by ADEQ as
the UST list. The UST list was reviewed and five tanks have been registered for Union
Rock Plant No. 6. These include the three tanks at the fueling facility, the diesel tank
adjacent to the asphalt batch plant, and the waste oil tank adjacent to the garage. As of
August, 1988, no releases from these tanks or those on adjacent properties had been
reported to ADEQ.

ADEQ maintains a state-wide list of active landfills current through 1982. This directory
was reviewed to ascertain if any active solid waste landfills are located within one mile
of the site. ADEQ records indicate no active landfills are located near the site; however,
according to Mr. Robert Larsen of the ADEQ Solid Waste Unit, the City of Glendale

Landfill, located approximately one mile southeast of the site, should be on this list.

The State of Arizona has established a program to remedy sites which may have an actual
or potential impact from hazardous substances upon waters of the state. The Water
Quality Assurance Revolving Fund (WQARF) program allows the state to identify the
extent and impact of contamination, and to identify responsible parties. The site is not

currently located within any WQARF areas.

The Arizona CERCLA Information and Data System (ACIDS), generated by ADEQ, is a
computer database list of locations subject to investigation concerning possible
contamination of soil, surface or groundwater. Inclusion of any facility or site on this
list does not mean that the site is contaminated, causing contamination, or in violation of
state or federal statutes or regulations. There are no listed sites within one-half mile of

the Union Rock site.

ADEQ maintains a list of contaminated wells within the State of Arizona, compiled into a
groundwater quality database. This list, current through 1987, was reviewed to assess

whether any of these wells are located near the site; none are located within one mile.
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ADEQ maintains a list of hazardous waste treatment, storage, and disposal facilities in the
State of Arizona. According to this list, no such facilities are located within one-half

mile of the site.

ADEQ maintains a list of registered dry wells in the state. The list, current through
October 1988, was reviewed and indicated that no registered dry wells are located on the

site.

Any person disposing of any material that may affect groundwater quality is required to
complete a Notice of Disposal (NOD) as the first step in applying for a Groundwater
Quality Protection Permit (R9-20-201 et.seq.). Review of an ADEQ list of filed NODs,
current through February 1988, indicated that no NOD had been filed for the site. No

NODs have been submitted for facilities located within one mile of the site.

MARICOPA COUNTY

Maricopa County maintains a local Emergency Planning District which has a Hazardous
Materials Emergency Response Plan, as required by the Superfund Amendments and
Reauthorization Act of 1986 (SARA). The site does not have any hazardous chemicals
listed in this plan. No other facilities located within one mile of the site are listed in

this plan.

Maricopa County Bureau of Air Pollution Control regulates air emissions from facilities
within the county. Union Rock Plant No. 6 possesses a current annual operating permit
issued by the Bureau. Copies of three citations were provided by Union Rock; these
citations, issued on October 27, 1988, cited Plant No. 6 for violation of visible air
emissions standards at the asphalt batch plant bag house, shaker, and concrete plant
dump boot. According to Mr. Tony Jones, a supervisor from the Bureau, no other

citations have been issued to Plant No. 6.
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SECTION 6
SURFACE SOIL SAMPLING

SAMPLING PROCEDURES

Surface soil samples G-1 through -5 were collected from five random locations at the site
formerly used for irrigated agricultural purposes as shown on Figure 2. The surface soil
sampling program was developed from preliminary information obtained by inspection of

historical aerial photographs and a visual inspection of the site.

Soil samples were collected on February 8, 1989, from a depth of 6 to 12 inches below the
ground surface using a hand auger. The hand auger was decontaminated prior to and
between collection of each sample by washing with detergent, followed by a deionized
water double rinse. Samples were placed in glass jars, sealed, labeled, and chilled prior to

delivery to the SCS Analytical Laboratory under chain-of-custody procedures.

LABORATORY ANALYSES

Surface soil samples G-1 through -5 were analyzed for the presence of organochlorine
pesticides in accordance with EPA Method 8080; laboratory reports are attached as
Appendix A. All five samples exhibited the presence of p,p’ -DDT, -DDE, and -DDD; the
results of these analyses are presented in Table 1. Total concentrations of these three
compounds ranged from 1.17 to 8.87 mg/Kg. According to the Arizona Department of
Health Services (ADHS) Task Assignment No. 18 (February 6, 1989), the soil clean-up level
for the sum of these three compounds is 5.0 mg/Kg. This value is exceeded in sample G-

1, which exhibited a total concentration of 8.87 mg/Kg.
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COMPOUND G-1

p,p’ -DDE 2.36
p,p’ -DDT 6.07
p,p’ -DDD 0.44
Total Concecntration 8.87

TABLE 1
SUMMARY OF P,P’, -DDT, -DDE, AND -DDD ANALYSES (mg/Kg)

G-2

1.54

0.82

0.06

242

G-3

0.76

0.40

0.01

1.17

SCS ENGINEERS —

G-4 G-5
1.05 1.55
0.90 2.27
0.07 0.03
2.02 3.85
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SECTION 7
SUBSURFACE SOIL SAMPLING

DRILLING AND SAMPLING

Ten boreholes, B-1 through B-4, B-4A, and B-5 through B-9 were drilled to depths of 16
to 30 feet on February 8 and 9, 1989, by Western Technologies Inc. with a CME 45
hollow stem auger drilling rig. Borehole locations are shown on Figure 3. Boring logs

are presented in Appendix B.

Soil samples were collected at ten foot depth intervals, except where difficult drilling
required sampling at intervals of five feet. Surface drive samples were collected at
borings B-3, -4, and -5 to evaluate surficial contamination at these locations. Samples
were collected using a ‘California modified split spoon sampler sleeved with brass tubes.
The sampler was driven into the soil below the auger with a 140-pound drop hammer
falling 30 inches. The sampler was decontaminated prior to collection of each sample by
washing with Alconox detergent, followed by a deionized water double rinse. Augers were
steam cleaned between borings. Soil samples collected in the brass tubes were labeled,

and scaled with teflon sheets, plastic caps, and tape before being preserved by chilling for

delivery to the SCS Analytical Laboratory under chain-of-custody procedures.

Soil samples were evaluated for organic vapors in the field using an HNU Systems, Inc.
Model PI-101 photoionization detector. This instrument measures organic vapor
concentrations on a relative scale calibrated to parts per million benzene. Field
measurements of collected samples were accomplished using a headspace technique, which
involves placing soil into a sealable plastic bag and allowing vapors from the soil to
equilibrate with the air inside the bag. The organic vapor concentration in the head-
space is then measured by inserting the HNU probe into the bag. HNU readings obtained

in this manner are shown on the boring logs adjacent to their respective sample depth.

Drill cuttings were placed adjacent to each boring. At the completion of drilling, the
boreholes were backfilled to the ground surface with a sand-cement grout. Borings B-8

and B-9 were backfilled to approximately 10 feet below grade with drill cuttings from
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their respective boreholes at the request of Mr. Marshall Jurn. Drill cuttings, rather than

grout, were used to ease anticipated excavation of the adjacent waste oil tank.
STRATIGRAPHY

Geologic logging of the ten borings indicated differences in the lithologic sequences
between boring locations. However, similarities exist between several sets of borings
where borings were located in close proximity to one another. This situation occurs at
borings B-1 and B-2, B-4 and B-4A, B-6 and B-7, and B-8 and B-9. Because the site
borders the Agua Fria River, numerous depositional episodes account for areal
irregularities in stratigraphy. Generally, each of the borings (except B-5) encountered
surficial sand and gravel fill ranging in thickness of approximately 0.5 to 4 feet.
Additionally, gravel and cobbles were encountered in the borings, except B-5 and B-6, at
depths of 13 to 21.5 feet, resulting in auger refusal. Boring logs are attached as

Appendix B.

Borings B-1 and B-2 were drilled to total depths of 20 and 23 feet, respectively. Clayey
silt and silty clay was encountered in both borings from a depth of approximately 0.5 to
10 feet, underlain by silty sand to depths of 14 and 18 fecet. Two to 4 feet of silty clay

was then encountered, underlain by sandy gravel to auger refusal.

The upper nine feet of boring B-3 were similar to the surficial soils encountered in
borings B-1 and B-2. However, from 9 to 16 feet, dry gravelly silt was encountered,
underlain by one foot of silty fine-grained sand, and then sandy gravel to auger refusal at
20 feet.

Borings B-4 and B-4A were advanced to auger refusal at depths of 17 and 19.5 feet,
respectively. Below three feet of fill, medium to fine-grained sand was penetrated to a
depth of seven feet, underlain by clayey silt to 15 feet. Three feet of medium-grained

sand was then encountered, underlain by gravel with cobbles to auger refusal.

Boring B-5 penetrated silty and gravelly sand from the ground surface to a depth of 11
feet, underlain by sandy clay with gravel to a depth of 18.5 feet. Fine-grained silty

sand was then encountered to the designed depth of 30 feet.
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After penetrating four feet of fill, boring B-6 encountecred silty clay to a depth of eight
feet, underlain by fine and medium-grained sand with gravel to the designed depth of 30

feet. Boring B-7 exhibited identical lithology, but encountered auger refusal in sandy

gravel at a depth of 21.5 feet.

Boring B-8 penetrated sandy clay to a depth of 7.5 feet, underlain by clayey sand to a
depth of 15 feet, and coarse to medium-grained sand with gravel to auger refusal at 16.5
feet. The upper 7.5 feet of boring B-9 were similar to boring B-8. Below this depth, to
13 feet, medium to fine-grained silty sand ;was encountered, underlain by gravel with

cobbles to auger refusal at 20 feet.
LABORATORY ANALYSES i
i

Soil samples from borings B-1 and B-2, located adjacent to the underground diesel fuel
tank at the asphalt batch plant, were analyzed for total petroleum hydrocarbons in
accordance with EPA Method 8015 (modified). Samples from borings B-3, B-4 and B-4A,
located adjacent to the aboveground oil tanks at the asphalt plant, were analyzed for
waste oil in accordance with EPA Method 418.1. Samples collected from borings B-5, B-6,
and B-7, located adjacent to the truck bed spray rack and fuel facility, were analyzed
for total petroleum hydrocarbons in accordance with EPA Mcthod 8015 (modified). Soil
samples collected from borings B-8 and B-9, located adjacent to the waste oil tank at the
garage, were analyzed for total petroleum hydrocarbons and solvents in accordance with
EPA Methods 418.1 and 8010, respectively. Of the 27 samples collected, sample numbers
B-2-20, B-6-15, and B-6-25 were archived. Laboratory reports appear in Appendix A.

Laboratory results of the 24 subsurface samples analyzed for total hydrocarbons are
summarized in Table 2. Hydrocarbons were not detected (detection limit 10 mg/Kg) in
soil samples collected from borings B-1, B-2, B-4, B-5, and B-7. Analyses of surface drive
samples collected at borings B-3, B-4, and B-5 indicate that only sample B-3-0, located

five feet north of the burner oil tanks, exhibits surficial hydrocarbon contamination.
Hydrocarbon concentrations at this location decrease dramatically with depth, from 40,000
mg/Kg at the ground surface to 50 mg/Kg at a depth of 10 feet and 30 mg/Kg at a depth
of 20 feet. Sample B-3-0 is the only analyzed sample to exceed the state action level for

total hydrocarbons of 100 mg/Kg.
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Sample B-4A-15, collected just south of the asphalt oil overflow pit at a depth of 15
feet, exhibited 20 mg/Kg total hydrocarbons. This is the only sample at this location (B-
4, B-4A) to exhibit detectable hydrocarbons.

Sample B-6-10, collected three feet west of the refucling area at a depth of 10 feet,
exhibited 11 mg/Kg total petroleum hydrocarbons. This is the only sample at this location
(B-6, B-7) to exhibit dectectable hydrocarbons.

Samples B-8-10 and B-8-15 were collected just south of the underground waste oil tank at
depths of 10 and 15 feet, respectively. Hydrocarbons were detected in both samples at 10
mg/Kg. Samples B-9-15 and B-9-20 were collected just west of the tank at depths of 15
and 20 feet, respectively. Hydrocarbons were detected in both samples at 30 mg/Kg. .
These four samples, along with sample B-9-10, were analyzed for purgeable halocarbon
compounds in accordance with EPA Method 8010. The only compound detected in cach of
the five samples was 1,1-dichloroethene, ranging from 53.3 to 206 ug/Kg. The state action
level for 1,1-dichloroethene is 700 ug/Kg (ADHS Task Assignment No. 18).
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e TABLE 2
SUMMARY OF TOTAL PETROLEUM HYDROCARBON ANALYSES
BOREHOLE SAMPLE DEPTH TOTAL HYDROCARBONS
® NO* NO. (Ft) (mg/Kg)
B-1 B-1-10 10 ND
B-2 B-2-10 10 ND
B-2 B-2-23 23 ND
® B-3 B-3-0 0 40,000
B-3 B-3-10 10 50
B-3 B-3-20 20 30
B-4 B-4-0 0 ND
® B-4 B-4-10 10 ND
B-4A B-4A-15 15 ND
B-5 B-5-0 0 20
B-5 B-5-10 10 ND
e B-5 B-5-20 20 ND
B-5 B-5-29 29 ND
B-6 B-6-10 10 ND
B-6 B-6-20 20 1
A B-6 B-6-30 30 ND
B-7 B-7-10 10 ND
B-7 B-7-15 15 ND
B-7 B-7-20 20 ND
5 B-8 B-8-10 10 ND
B-8 B-8-15 5 10
B-9 B-9-10 10 ND
B-9 B-9-15 15 30
- B-9 B-9-20 20 30

* Samples from boreholes B-1, B-2, B-5, B-6, and B-7 analyzed
in accordance with EPA Method 8015 (modified); boreholes B-3,
B-4, B-8, and B-9 analyzed in accordance with EPA Mecthod
418.1 (modified).

ND - Not Detected (Detection Limit 10 mg/Kg)
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4 SECTION 8

REGULATORY COMPLIANCE ISSUES

o The site is regulated by numerous federal, state, and county environmental statutcs and
regulations. The following is a brief description of regulatory compliance issues we have
identified as possibly applicable to the site, along with their respective enforcement

® agencies:

o Resource Conservation and Recovery Act (RCRA) - ADEQ
o o Clean Water Act (CWA) - EPA, U.S. Army Corps of Engineers
o  Clean Air Act (CAA) - Maricopa County Bureau of Air Pollution Control

o Environmental Quality Act - ADEQ

&
The federal Resource Conservation and Recovery Act (RCRA) regulates both petroleum and
chemical underground storage tanks, and hazardous and solid wastes. ADEQ has primary

3. responsibility for the RCRA program in Arizona. RCRA specifically regulates the

‘ generation, transportation, and disposal of hazardous waste. Regulations concerning
hazardous waste can be found in Title 40 of the Code of Federal Regulations (CFR) Parts

& 260-270. The regulations define a hazardous waste, and require that when hazardous
wastes are generated, proper methods of handling, transporting, and disposing of these
wastes be followed. Formaldehyde is a listed waste (40 CFR Part 261.33), and must be

& handled accordingly. Therefore, any spillage of this material must be treated as a
hazardous waste.

L
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Solvents currently used in the garage for cleaning of parts, ctc. may also contain
constituents listed as hazardous waste. Storage, handling, and transportation of such
wastes must be performed in accordance with 40 CFR Parts 262 and 263. According to
the shop foreman, Mr. Bill Allen, waste solvent accumulates at a rate of approximately 55
gallons every six months. This rate of accumulation (approximately nine gallons or 33
kilograms per month) classifies the facility as a conditionally-exempt small quantity
generator (40 CFR Part 261.5) which requires identification of all hazardous waste
generated by the facility, disposal of this waste at a hazardous waste facility or landfill
approved by the state for such wastes, and accumulation of no more than 1,000 kilograms
of hazardous waste on the property.

’
Requirements for underground storage tanks are found in 40 CFR Part 280. Requirements
for the upgrading of existing underground storage tank systems are present in 40 CFR
280.21. General operating requirements pursuant to 40 CFR Subpart C must be met, and
release detection pursuant to 40 CFR Subpart D must be performed. Suspected rcleases
must be reported pursuant to 40 CFR 280.50 and Arizona Revised Statutes (ARS) 49-1004.

Closure and out-of-service requirements pursuant to 40 CFR Subpart G must be met.

The federal Clean Water Act (CWA) regulates the discharge of pollutants into navigablc
waters. With respect to the site, two programs under the CWA may be applicable. A

Spill Prevention Control and Countermeasure plan is requircd by EPA pursuant to 40 CFR
Part 112 to prevent the discharge of oil from aboveground storage tanks into navigable

waters. This plan must be approved by a professional engineeer, and be available on site.
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Section 404 of the CWA controls discharges of dredge or fill material into navigable

waters. This section authorizes the U.S. Army Corps of Engincers (Corps) to issuc
permits for such discharges. According to Mr. Robert Dummer of the Corps, a Section

o 404 Permit is required for certain earth moving activities which are conducted in river
bottoms, defined in this case as that portion of the floodplain devoid of vegetation.
Placement of material on river banks (such as waste concrete or rip-rap) is also

® regulated in certain circumstances. Mr. Dummer rcported that such activities affecting
less than ten acres are covered by a nationwide permit, which authorized the activities
outlined in 40 CFR 330.5(a)(26). If these activities, which include the placement of

® concrete on the west bank of the river and stockpiling of aggregate in the old pit, affcct
less than one acre, no action is necessary. If these activities affect between one and ten
acres, notification to the district engineer is required; unless, according to Mr. Dummer,

L they occurred prior to October 1984. Activities affecting more than ten acres are not

covered by the nationwide permit, and may require an individual Section 404 permit.

|

|

1. The federal Clean Air Act regulates stationary sources of air pollution by setting limits on

|

| air emissions from specific sources, such as those found at the site. The Maricopa County
Bureau of Air Pollution Control has primacy for controlling emissions in Maricopa County,

and has issued an operating permit to Union Rock Plant No. 6.

Arizona’s Environmental Quality Act was passed in 1986. Two provisions of this act arc
applicable to the site. ARS 49-241 requires that ADEQ issue Aquifer Protection Permits
for surface impoundments; therefore, such a permit is required for the ponds located on
the site. Because aquifer protection permit regulations have not yet been promulgated, -

surface impoundments are regulated by cxisting groundwater quality permit rcgulations,
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A.A.C. Title 9, Chapter 20, Article 2. These regulations require that a Notice of Disposal

be submitted to ADEQ for the active ponds at the site.

Of the five samples analyzed for organochlorine pesticides, one has exceeded the soil
ciean-up level for DDT of 5.0 mg/Kg. Provided that the application of a pesticide product
registered under the federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) was
performed according to label requirements, the liability associated with the presence of a
pesticide product is minimal. This is because a person deemed a responsible party
pursuant to ARS 49-283 is not liable under Article 5, Chapter 35, Title 49 of the Arizona
Revised Statutes, if it can be established that a release of a hazardous substance was
caused solely by the application of a pesticide product registered under FIFRA according
to label requirements (ARS 49-283.D.5). Because samples were collected from random
locations on formerly cultivated land, the presence of DDT is most likely due to normal
application associated with agricultural activities, as opposed to a release due to spilling

or leakage.
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» SECTION 9
CONCLUSIONS
i Based on the findings of our site reconnaissance, site history search, review of rcgulatory
agency records, surface and subsurface soil sampling, and laboratory analysis, we conclude
the following:
®
o Surface staining associated with spillage was observed adjacent to the aboveground
burner and asphalt oil tanks adjacent to the asphalt batch plant. In cases where
® soil is in direct contact with the bottom of these tanks, early detection of tank
leakage may not bc'readily accomplished. No spill containment structurcs arc
1 present around these tanks.
[
o The aboveground tanks, which have the potential to discharge oil into thc Agua Fria
River, are required to have a Spill Prevention Control and Countermeasure plan
@
pursuant to 40 CFR Part 112.
o Surface staining was also observed in the vicinity of the truck bed spray arca and the
- steam cleaning area at the Kiewit yard. However, soil sampling near the truck bcd
spray area did not detect fhe presence of total petroleum hydrocarbons. No samples
were collected from the steam cleaning area at the Kiewit yard, because this arca was
o not accessible for inspection until after the drilling program was in place. Additional
sampling is not recommended in the Kiewit yard due to the limited extent of
observable contamination. However, steps should be taken to minimize spillage in this
L

area and in the vicinity of the vehicle maintenance area.

® 29 ' Printed on Recycled Paper ¢




SCS ENGINEERS —

o Total petroleum hydrocarbon and purgeable halocarbon compound analyses of soil
samples collected at the site indicate that only one sample exceeded the state
action level for analyzed compounds. The surface sample collected at boring B-3,
located in the stained area between and adjacent to the burner oil tanks, exceeded

the state action level of 100 mg/Kg for total hydrocarbons.

o Underground storage tanks on the property are currently registered with the state,
in accordance with 40 CFR 280.22 and ARS 49-1002. Subsurface soil sampling
adjacent to the five underground storage tanks on the site did not detect the
presence of total petroleum hydrocarbons in excess of the state action level of 100
mg/Kg. Therefore, it appcars that no releases have occurred from these tanks.
However, the soil sampling program performed was not designed to detect relcases

from underground piping.

o One potential piping release was observed beneath the south end of the aggregate
dryer. Samples were not collected at this location due to inadequate drill rig access
caused by the proximity of the aggregate dryer, electrical transformers, and overhead

structures.

o Laboratory analyses of surface soil samples collected from the undeveloped portions
of the property formerly used for cultivated agriculture indicate that these areas
contain p,p’-DDT, p,p’-DDE, and p,p’-DDD. One sample exceeded the state soil
clean-up level of 5.0 mg/Kg. It is our opinion that, because samples were collected
from random locations on formerly cultivated land, these levels represent

background levels for this particular site. However, the presence of these

30



SCS ENGINEERS —

¢ compounds in on-site surface soils should be considered if future land utilization

involves residential and associated uses.

® o Other than some relatively minor violations, the site is generally in compliance with

the operating permit issued by the Maricopa County Bureau of Air Pollution Control.

® o The submittal of a Notice of Disposal to ADEQ pursuant to R9-20-205 is required

for the storage of aggregate wash water in the ponds on the property.

L J o The facility appears to be in compliance with 40 CFR Part 261.5, requirements [or
conditionally-exempt small quantity generators of hazardous waste, assuming that the

current waste transporter is properly transporting and disposing of these wastcs.

®
o Notification to the U. S. Army Corps of Engineers is required for earth moving and
disposal activities which are conducted in the bottom or along the banks of thc Agua
1. Fria River, and affect more than one acre.
|
i
o Under existing operating conditions, adjacent properties do not appear to bc a
e potential source of hazardous substances which are likely to have contaminated the
site.
®
L
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@
SECTION 10
RECOMMENDATIONS
® . .
Based on our conclusions, we recommend the following:
o The underground storage tanks should be operated in compliance with 40 CFR Part
e 280. Piping associated with the tanks should be tightness tested to evaluate piping
integrity.
® o The extent of subsurface contamination associated with the piping release at the south
end of the aggregate dryer should be evaluated. This could be accomplished by hand
augering of the soil immediately adjacent to the replaced section of pipe. If the
g vertical and horizontal extent of soil contamination cannot be evaluated in this
manner, the use of portable powered boring equipment may be necessary. If a quantity
of greater than 100 pounds of burner oil or diesel fuel was released, a release must be
® reported to ADEQ pursuant to ARS 49-1004.
o A Spill Prevention Control and Countermeasure Plan pursuant to 40 CFR Part 112
. should be prepared. The aboveground fuel storage tank systems and drum storage
areas should be upgraded to include impermeable containment structures for spill
control. In conjunction with this, existing surface spillage should be removed from the
- ground surface. This material should be disposed of at an authorized landfill or, if
possible, used in asphalt mixtures.
L
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Areas of contaminated soil storage, such as that adjacent to the truck bed spray
rack, should have an impermeable surface such as concrete or asphalt upon which

material may be stored without potentially contaminating the underlying soil.

A Notice of Disposal for the wash water settling ponds should be submitted to

ADEQ.

The U. S. Army Corps of Engineers should be notified regarding the storage of
aggregate in the old pit and the placement of concrete on the west bank of the Agua

Fria River, provided these areas occupy more than one acre.

Proper disposal of the waste solvent generated by the garage, in accordance with 40
CFR Part 261.5 requirements, should be confirmed by contacting the current waste

transporter.
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L
2850 WALNUT AVENUE
LONG BEACH, CALIFORNIA 90806
(213) 595-9324
FAX (213) 595-6709
MEMO
@
To' Brad Johnston/Chris Miller
From: Curtis B. Jenkins February 28, 1989
® Job No.: 1088011.00 Page 1 of 11
LABORATORY REPORT.
Samples: Thirty two (32) soil samples from Union Rock, received
® 2/10/89, analyzed 2/24/89.
Sample ID EPA 418.1
————— mg/kg-----
B-3-0"' 40,000
B-3-10" 50
L 2 B-3-20' 30
B-4-0"' ND
B-4-10"' ND
B-4A-15" 20
B-8-10"' 10
B-8-15" 10
® B-9-10" ND
B-9-15" 30
B-9-20"' 30
Sample ID EPA 8015 Sample ID EPA 8015
---mg/kg--- -=--mg/kg---
e B=1-107 ND B-6-10' 11
B-2-10"' ND B-6-20" ND
B-2-23’ ND B-6-30"' ND
B-5-0" ND B-7-10" ND
B-5-10" ND B-7-15" ND
P B-5-20"' ND B-7-20" ND
B-5-29°’ ND
ND - Not Detected (<10)
EPA 8010 and EPA 8080 - see attached sheets
g C@%@V
David Sincerbeaux . Curtis B. /Jenkins
°® Chemist ' .Laboratory® /Director Printed on Recycled Paper

unionl.rep




scs
ANALYTICAL
LABORATORY

Addendum Report,
Page 2 of 11

Sample I.D.: B-8-10"

Date Received: 2/10/89
Date Analyzed: 2/24/89
Matrix: Soil

Project #: 1088011.00

File #: unionl.rep

Compound

Bromomethane
Bromodichloromethane
Bromoform

Carbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl Ether
Chloroform

Chloromethane
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
Vinyl Chloride

D.L. = Detection Limit
ND = Not Detected

EPA 8010

Result
----ug/kg
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
206
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

D.L.
(ppb)----

50

5

5

5

5

50

50

5

(9]
o

(9)] (92}
COONANUTANO NG T T O

2860 WALNUT AVENUE
LONG BEACH, CALIFORNIA 90806
(213) 595-9324
FAX (213) 595-6709



sCs
ANALYTICAL
LABORATORY

®
2860 WALNUT AVENUE
LONG BEA‘;l;, SCC)ASL.‘;?ZZN'A 90806
FAX (213] 595-6709
Addendum Report, EPA 8010
[ Page 3 of 11
Sample I.D.: B-8-15"
Date Received: 2/10/89
Date Analyzed: 2/24/89
Matrix: Soil
® Project #: 1088011.00
File #: unionl.rep
Compound Result D.L.
==—=ug/kg {pph)e===
Bromomethane ND 50
o Bromodichloromethane ND 5
Bromoform ND 5
Carbon Tetrachloride ND 5
Chlorobenzene ND 5
Chloroethane ND 50
2-Chloroethylvinyl Ether ND 50
® Chloroform ND 5
Chloromethane ND 50
Dibromochloromethane ND 5
1,1-Dichloroethane ND 5
1,2-Dichloroethane ND 5
1,1-Dichloroethene 53...3 5
® trans-1,2-Dichlorocethene ND 5
1,2-Dichloropropane ND 5
cis-1,3-Dichloropropene ND 5
trans-1,3-Dichloropropene ND 5
Methylene Chloride ND 50
1,1,2,2-Tetrachloroethane ND 5
e Tetrachloroethene ND 5
1,1,1-Trichloroethane ND 5
1,1,2-Trichloroethane ND 5
Trichloroethene ND 5
Trichlorofluoromethane ND 5
e Vinyl Chloride ND 50
A D.L. = Detection Limit

ND = Not Detected

L 4 g Printed on Recycled Paper 3




scs
ANALYTICAL
LABORATORY

Addendum Report,
Page 4 of 11

Sample I.D.: B-9-10"

Date Received: 2/10/89
Date Analyzed: 2/24/89
Matrix: Soil

Project #: 1088011.00

File #: unionl.rep

Compound

Bromomethane
Bromodichloromethane
Bromoform

Carbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl Ether
Chloroform

Chloromethane
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1,1,1-Trichloroethane
1,1,2-Trichlorocethane
Trichloroethene
Trichlorofluoromethane
Vinyl Chloride

D.L. = Detection Limit
ND = Not Detected

EPA 8010

Result

----ug/ksg

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
133
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

D.L.

(ppb)----

50
5
5
5
5

50

50
5

[$)]
o

(8} (9}
QU OO TGO 01 U1 T OV

2860 WALNUT AVENUE
LONG BEACH. CALIFORNIA 90806
(213) 595-9324
FAX (213) 595-6709



®.
2860 WALNUT AVENUE
LONG BEA[;P;’ SCgsl:lsBOZiN!A 90806
FAX (213) 595-6709
Addendum Report, EPA 8010
o Page 5 of 11
Sample I.D.: B-9-15"
Date Received: 2/10/89
Date Analyzed: 2/24/89
Matrix: Soil
® Project #: 1088011.00
File #: wunionl.rep
Compound Result D.L.
----ug/kg (ppb)----
Bromomethane ND 50
® Bromodichloromethane ND 5
Bromoform ND 5
Carbon Tetrachloride ND : 5
Chlorobenzene ND 5
Chloroethane ND 50
2-Chloroethylvinyl Ether ND 50
® Chloroform ND 5
Chloromethane ND 50
Dibromochloromethane ND 5
1,1-Dichloroethane ND 5
1,2-Dichloroethane ND 5
| 1,1-Dichloroethene 175 5
® trans-1,2-Dichloroethene ND 5
1,2-Dichloropropane ND 5
cis-1,3-Dichloropropene ND 5
trans-1,3-Dichloropropene ND 5
Methylene Chloride ND 50
® 1,1,2,2-Tetrachloroethane ND 5
Tetrachloroethene ND 5
1,1,1-Trichloroethane ND 5
1,1,2-Trichloroethane ND 5
Trichloroethene ND 5
Trichlorofluoromethane ND 5
P Vinyl Chloride ND 50
> D.L. = Detection Limit

ND = Not Detected

® , Printed on Recycled Paper %




sCs
ANALYTICAL
LABORATORY

Addendum Report,
Page 6 of 11

Sample I.D.: B-9-20"
Date Received: 2/10/89
Date Analyzed: 2/24/89

Matrix: Soil

Project #: 1088011.00
File #: unionl.rep
Compound

Bromomethane
Bromodichloromethane
Bromoform

Carbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl Ether
Chloroform

Chloromethane
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
Vinvl Chloride

D.L. = Detection Limit
ND = Not Detected

EPA 8010

Result
----ug/kg
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
108
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

D.L.
(ppb)----
50
5
5
5
5

(&)
o

(9)] (9]
1O O O

(&) (9}
QTN ONTNO AN U

2860 WALNUT AVENUE
LONG BEACH, CALIFORNIA 90806
(213) 595-9324
FAX (213) 595-6709



sCs
ANALYTICAL
LABORATORY

Addendum Report,

Page 7 of 11

Sample I.D.: G-1

Date Received: 2/10/89
Date Analyzed: 2/24/89
Matrix: Soil

Project #: 1088011.00
File #: unionl.rep

Compound

p,p’ -DDE
Endosulfan I
Aldrin
Endosulfan II
p,p’-DDT

Endrin Aldehyde
Heptachlor Epoxide
Endrin

Dieldrin

p,p’ -DDD
Beta-BHC
Delta-BHC
Endosulfan Sulfate
Heptachlor
Alpha-BHC
Lindane
Toxaphene
Chlordane
Methoxychlor
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

D.L. = Detection Limit

‘ND = Not Detected

EPA 8080

Result D.L.

----mg/kg (ppm)----
2.36 0.01
ND 0.02
ND 0.01
ND 0.02
6.07 0.04
ND 0.01
ND 0.01
ND 0.01
ND 0.01
0.44 0.01
ND 0.01
ND 0.01
ND 0.02
ND 0.01
ND 0.01
ND 0.01
ND 2
ND 2
ND 1
ND 1
ND 1
ND 1
ND 1
ND 1
ND 1
ND 1

2860 WALNUT AVENUE
LONG BEACH, CAUFORNIA 90806
(213) 595-9324
FAX (213) 595-6709

Printed on Recycled Paper ¢y




2860 WALNUT AVENUE
LONG BEACH. CAUFORNIA 90806
(213) 595-9324
FAX (213) 595-6709

Addendum Report, EPA 8080
Page 8 of 11

Sample I.D.: G-2
Date Received: 2/10/89
Date Analyzed: 2/24/89

Matrix: Soil
Project #: 1088011.00
File #: wunionl.rep
Compound Result D.L.
----mg/kg (ppm)----
p,p’'-DDE 1.54 0.01
Endosulfan I ND 0.02
Aldrin ND 0.01
Endosulfan IT ND 0.02
p,p’-DDT 0.82 0.04
Endrin Aldehyde ND 0.01
Heptachlor Epoxide ND 0.01
Endrin ND 0.01
Dieldrin ND 0.01
P,p’-DDD 0.06 0.01
Beta-BHC ND 0.01
Delta-BHC ND 0.01
Endosulfan Sulfate ND 0.02
Heptachlor ND 0.01
Alpha-BHC ND 0.01
Lindane ND 0.01
Toxaphene ND 2
Chlordane ND 2
Methoxychlor ND 1
PCB-1016 ND 1
PCB-1221 ND 1
PCB-1232 ND 1
PCB-1242 : ND 1
PCB-1248 ND 1
PCB-1254 ND 1
PCB-1260 ND 1

= Detection Limit

L'
= Not Detected

D'
ND



scs
ANALYTICAL
LABORATORY

®
2860 WALNUT AVENUE
LONG BEA‘g'l;’ 5C$15.J5302R4NM 90806
FAX (213) 595-6709
. Addendum Report, EPA 8080

o Page 9 of 11
Sample I.D.: G-3
Date Received: 2/10/89
Date Analyzed: 2/24/89
Matrix: Soil

® Project #: 1088011.00
File #: wunionl.rep
Compound Result D.L.

----mg/kg (ppm)----

p,p’ -DDE 0.76 0.01

® Endosulfan I ND 0.02
Aldrin ND 0.01
Endosulfan II ND 0.02
p,p’' -DDT 0.40 0.04
Endrin Aldehyde ND 0.01
Heptachlor Epoxide ND 0.01

® Endrin ND 0.01
Dieldrin ND 0.01
p,p’ -DDD 0.01 0.01
Beta-BHC ND 0.01
Del ta-BHC ND 0.01
Endosulfan Sulfate ND 0.02

® Heptachlor ND 0.01
Alpha-BHC ND 0.01
Lindane ND 0.01
Toxaphene ND 2
Chlordane ND 2
Methoxychlor ND 1

o PCB-1016 ND 1
PCB-1221 ND 1
PCB-1232 ND 1
PCB-1242 ND 1
PCB-1248 ND 1
PCB-1254 ND 1

® PCB-1260 ~ ND 1

®
D.L. = Detection Limit

ND = Not Detected

® : Printed on Recycled Paper




2860 WALNUT AVENUE
LONG BEACH. CALIFORNIA 90806
(213) 595-9324
FAX (213) 595-6709

Addendum Report, EPA 8080
Page 10 of 11

Sample I.D.: G-4
Date Received: 2/10/89
Date Analyzed: 2/24/89

Matrix: Soil
Project #: 1088011.00
File #: unionl.rep
Compound Result Dl
----mg/kg (ppm)----
p,p’'-DDE 1.05 0.01
Endosulfan I ND 0.02
Aldrin ND 0.01
Endosulfan II ND 0.02
p,p’ -DDT 0.90 0.04
Endrin Aldehyde ND 0.01
Heptachlor Epoxide ND 0.01
Endrin ND 0.01
Dieldrin ND 0.01
p,p’ -DDD 0.07 0.01
Beta-BHC ND 0.01
Delta-BHC ND 0.01
Endosulfan Sulfate ND 0.02
Heptachlor ND 0.01
Alpha-BHC ND 0.01
Lindane ND 0.01
Toxaphene ND 2
Chlordane ND 2
Methoxychlor ND 1
PCB-1016 ND 1
PCB-1221 ND 1
PCB-1232 ND i
PCB-1242 ND 1
PCB-1248 ND 1
PCB-1254 ND 1
PCB-1260 ND 1
D.L. = Detection Limit

ND = Not Detected



sCs
ANALYTICAL
LABORATORY

0.
2860 WALNUT AVENUE
LONG BEA[;P;] %l;?;NlA 90806
FAX (213) 595-6709
® Addendum Report, EPA 8080
Page 11 of 11
Sample I.D.: G-5
Date Received: 2/10/89
Date Analyzed: 2/24/89
® Matrix: Soil
Project #: 1088011.00
File #: unionl.rep
Compound Result Dl I,
----mg/kg (ppm)----
P p,p’ -DDE 1% 55 0.01
Endosulfan I ND 0.02
Aldrin ND 0.01
Endosulfan IT ND 0.02
p,p’'-DDT 2.27 0.04
Endrin Aldehyde ND 0.01
® Heptachlor Epoxide ND 0.01
Endrin ND 0.01
Dieldrin ND 0.01
p,p’ -DDD 0.03 0.01
Beta-BHC ND 0.01
Delta-BHC ND 0.01
® Endosulfan Sulfate ND 0.02
Heptachlor ND 0.01
Alpha-BHC ND 0.01
Lindane ND 0.01
Toxaphene ND 2
Chlordane ND 2
® Methoxychlor ND 1
PCB-1016 ND 1
PCB-1221 ND 1
PCB-1232 ND 1
PCB-1242 ND 1
PCB-1248 ND 1
® PCB-1254 ND 1
PCB-1260 ND 1
®
D.L. = Detection Limit

ND = Not Detected

® : Printed on Recycled Paper
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Project Name: El Mirage (Plant No. 6) Log of Boring No.: B-1

Date Started: 2-8-89 WL Depth: Dry Drilling Equipment: CME 45

Date Completed: 2-8-89 Total Depth: 20 feet | Logged/Checked by: C.M./A.G.

Sample

Material Description HNu Comments

Depth
Geologic

(f1)

Log
Type

(=]
P4

Sand and gravel fill

Clayey silt (ML) - brown, moist, mediumstiff

i Increasing gravel

(03]
L N AR RE N B0 S R0 O N N N A S e S SN S
LRI IR IR AT R A A A A A A A A Y A

Silty sand (SM) with gravel - light brown, moist, 0 B-1-10
medium dense

s XA

:;;;;;;g Silty clay (CL) - brown, moist, medium stiff

Medium to fine grained sandy gravel (GW) - light

brown, moist, very dense, well graded
Irrr) Y g 0 Recovery | Auger refusal

Bottom of boring at 20 feet

No Difficult drilling

20

30

SCS ENGINEERS

o . Printed on Recycled Paper ¢y




Project Name: El Mirage (Plant No. 6)

Log of Boring No.: B-2

Date Started: 2-8-89 WL Depth: Dry Drilling Equipment: CME 45
Date Completed: 2-8-89 Total Depth: 23 feet Logged/Checked by: C.M./A.G.
L Sample
= S : "
'g =3 2 Material Description HNu g: . Comments
o< |03 [ Z
0 . Sand and gravel fill
i SRS
L
_::::::: Clayey silt (ML) - brown, moist, medium
o] stiff
N SN NN
p SAAN
S Ay Petroleum odor
(A A <
5 _\,\l\,\
1772272 Silty clay (CL) with gravel - tan w/gray black
LA AR
47572277 staining, moist, medium stiff
p2222222
i S
Y 77777227
77
by L LRARZLA
p2222222
10 p2222220
Silty sand (SM) with gravel - light brown, moist, 0 B-2-10
medium dense
5255252
_E;;;;:é Silty clay (CL) with gravel - brown, moist,
Y7rs7r77777 . .
2 0 i) medium stiff Difficult drilling
F255 Medium to fine grained sand | (GW) - light
~HE: grained sandy gravel (GW) - lig 0 B-2-20
5}:':‘.\5.'}:.* brown with black staining, moist, very dense,
LN
Easyayy well graded
ity 0 B-2-23 | Auger refusal
- Bottom of boring at 23 feet
25—
30 J
SCS ENGINEERS




Project Name: EI Mirage (Plant No. 6)

Log of Boring No.: B-3

Date Started: 2-8-89

WL Depth: Dry

Drilling Equipment: CME 45

Date Completed: 2-8-89

Total Depth: 20 feet

Logged/Checked by: C.M./A.G.

Depth
Geologic
Log

(ft)

Material Description

Sample

HNu

Type

Comments

0 Sand and gravel fill

30

X
N
\
NANAY

N\ ~
ARATLRARLNLANANAR NN ALY
ARLLRLHRANLEARANANNANALNANAY
EAAALRARANLNNANANNAN ALY
AR Nt E RN sY

A

\

Silty clay (CL) - brown, moist, medium stiff

Gravelly silt (ML) - brown, dry, medium stiff,
slightly calcareous

= i Increasing sand, decreasing calcification

he

Silty fine grained sand (SM) - brown, slightly
moist, poorly graded

., {{
A Atie
30

'-{\

4
e

TCICITITIXT
. .

N

.

o

.

b

3
¥

well graded
20

Sandy gravel (GW) - light brown, very denss,

30

-1 Bottom of boring at 20 feet

B-3-10

B-3-20

Oily stain
Petroleum odor

Difficult drilling

Auger refusal

SCS ENGINEERS =

Printed on Recycled Paper €3



Project Name: El Mirage (Plant No. 6)

Log of Boring No.: B-4

Date Started: 2-8-89 WL Depth: Dry Drilling Equipment: CME 45
Date Completed: 2-8-89 Total Depth: 19.5 feet| Logged/Checked by: C.M./A.G.
L Sample
< g , e
g - g 2 Material Description é d Comments
QZ|o 4 ~ =
0" Sand and gravel fill B-4-0
Medium to fine grained sand (SW) - brown, slightly
moist, loose, well graded
d::::::: Clayey silt (ML) - brown, moist, medium stiff
\,\/\,\
10— ::::::: l Increasing calcification
H XA B-4-10
1 5 NN N \v
| Medium grained sand (SP) - brown, moist, medium
dense, poorly graded
pe Difficult drilling
-E4Y Gravel (GW) with cobbles - very dense, well sorted No A foaal
2R Recovery | Auger refusa
20 Bottom of boring at 19.5 feet
25—
30] ]
SCS ENGINEERS




Project Name: El Mirage (Plant No. 6) Log of Boring No.: B-4A
® Date Started: 2-8-89 WL Depth: Dry Drilling Equipment: CME 45
Date Completed: 2-8-89 Total Depth: 17 feet Logged/Checked by: C.M./A.G.
Q Sample
< g
7, o (I Material Description Hnul & ; Comments
> (o]
() Sz|88 arh
% 5= Sand and gravel fill
® i .
Medium to fine grained sand (SW) - brown, slightly
moist, loose, well graded
o _::::::: Clayey silt (ML) - brown, moist, medium stiff
1 O—::::::: l Increasing calcification
B G
* NANA
g e
15T ; ; ;
® Medium grained sand (SP) - brown, moist, medium | g B-4A-15
1 dense, poorly graded
. Auger refusal
. Bottom of boring at 17 feet
o
20
o
25—
o
308"
ENGINEERS —

® ‘ Printed on Recycled Paper




Project Name: E| Mirage (Plant No. 6)

Log of Boring No.: B-5

Date Started: 2-8-89 WL Depth: Dry

Drilling Equipment: CME 45

Date Completed: 2-8-89

Total Depth: 30 feet Logged/Checked by: C.M./A.G.

% Sample
£ 2 Material Description @2 C t
8 =3 2 p HNu 3 = omments
Q|03 - =z
Silty sand (SM) with gravel - stained gray-black, 20 B-5-0
moist, medium dense
l Decreased staining, brown soil
Gravelly sand (SP) - light brown, moist, medium
dense, poorly graded
729272
x$xs%EN
—'3’273’2 . . .
Byysy| Fine grained sandy clay (CL) with gravel - brown,
H5ises .
“piaey| moist, soft
LEEEE
g L
EXL30%4)
RERIARM
1 5 g3
CRERLRS) .
SrEvSrs Increasing sand
R
SRR ERE)
R
N SPEEEe
SREPERN
x$%ENEy
(2337272
“PxindNiy
CHLRLRE)
Fine grained silty sand (SM) - brown, slightly
20 moist, poorly graded
0 B-5-20
l Increasing gravel
25—
Bottom of boring at 30 feet 0 B-5-29
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Project Name: E| Mirage (Plant No. 6) Log of Boring No.: B-6
@ Date Started: 2-8-89 WL Depth: Dry Drilling Equipment: CME 45
Date Completed: 2-8-89 Total Depth: 30 feet Logged/Checked by: C.M./A.G.
R2) Sample
4
i05:_ ~| 5 Material Description Hnul & p Comments
® SE|88 = 2
Or = Sand and gravel fill
-
° Ll
755077 |
e _¥7777772| Silty clay (CL) - brown, slightly moist, medium |
A |
¢ i
Fine grained sand (SP) - brown, moist, medium
dense, poorly graded
10—
0 B-6-10
® | Increasing gravel
Medium to fine grained sand (SP) with gravel -
157 brown, slightly moist, dense, poorly graded
. ’ g Y ' ’ p y g 0 B‘6'1 5
I Increasing cobbles and gravel
&
20—
3 0 B-6-20
®
25— j , A
o Increasing grain size 0 B-6-25
®
| 30 Bottom of boring at 30 feet 0 B-6-30 J
-SCS ENGINEERS
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Project Name: E| Mirage (Plant No. 6)

Log of Boring No.: B-7

Date Started: 2-9-89 WL Depth: Dry Drilling Equipment: CME 45
Date Completed: 2-9-89 Total Depth: 21.5 feet| Logged/Checked by: C.M./A.G.
.Q Sample
< g ,
= LS Material Description HNul & : Comments
o =|lo R >~ o
0 Sand and gravel fill
5 _§§§§§§§ Silty clay (CL) - brown, slightly moist, medium
persis
Fine grained sand (SP) - brown, moist, medium
dense, poorly graded
10—
B 0 B-7-10
| Increasing gravel
—
Medium to fine grained sand (SP) with gravel -
157 brown, slightly moist, medium dense, poorly 0
- graded B-7-15
| Increasing cobbles and gravel
20
. 0 B-7-20
Auger refusal
1 Bottom of boring at 21.5 feet
25—
301 J
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| Project Name: E| Mirage (Plant No. 6) Log of Boring No.: B-8
|
|
|
i. Date Started: 2-9-89 WL Depth: Dry Drilling Equipment: CME 45
‘ Date Completed: 2-9-89 Total Depth: 16.5 feet| Logged/Checked by: C.M./A.G.
|
y .<§’ Sample
= =<5 Material Description H\nul & y Comments
o =|lo ¥ > e}
o 0. <O = =z
0 Sand and gravel fill
R
_::,;3;;;3 Sandy clay (CL) - brown, slightly moist, medium
_::%%%%,:,% stiff
2TRIxYR
S3EEEey
5 —punn
LR
—$x7x72%2
PPERE LY
Jraan
FXYEYEYy
® | . . .
Clayey fine grained sand (SC) - brown, moist,
medium dense, poorly graded
0 B-8-10
e
e Coarse to medium grained sand (SW) with gravel - | g B-8-15
light brown, moist, dense, well graded Auger refusal
N Bottom of boring at 16.5 feet
]
20—
® K
25—
. —4
36547
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Project Name: E| Mirage (Plant No. 6) Log of Boring No.: B-g

Date Started: 2-9-89 WL Depth: Dry Drilling Equipment: CME 45

Date Completed: 2-9-89 Total Depth: 20 feet Logged/Checked by: C.M./A.G.

Material Description

Depth
Geologic
Log

(ft)

HNu

Sample

Type

o
=

Comments

Sand and gravel fill

Sandy clay (CL) - brown, slightly moist, medium
stiff

Medium to fine grained silty sand (SM) - brown,
moist, medium dense

s
(iR

e

Gravel (GP) with cobbles - light brown, very
dense, poorly graded

3

139
i

(6]

L
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-
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X
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AR RN
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h
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v
2
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B-9-10

B-9-15

B-9-20

Bottom of boring at 20 feet

30

Auger refusal
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PERMEABILITY OF DRAINAGE MATERIALS
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CLEAR SQUARE OPENINGS | US STANDARD SIEVE NUMBERS
COEFFICIENT OF PERMEABILITY
v oo © Q9 8RS8 &  FORCLEAN COARSE-GRAINED
i\ ] I 1 ] I I ‘ DRAINAGE MATERIAL
‘ 4 CURVE K,FT/MIN.
80 | , ‘ O) 73.7
| ©) 56.9
E ! 5.4
A j ®
> l @ 0.13
x | ® 2.08
40
z | @ .81
e ® 0.70
g 20 ©) 0.22
N % 0.08
| 0.0l
| IR
|8086432 186 4 3 2 186
088 ARSE | FINE JOOARSE [MEDIUM | FINE
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NOTE: Shaded area shows materials currently produced by the El Mirage plant
of Union Rock and Materials Corp.
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Soil Mechanics, Design Manual 7.1, May 1982
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COMPUTATION SHEET

PROJECT TITLE: CHOLLA

PROJECT NO.372-/5.0/
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Cholla Landfill - Part 2
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1.0 Introduction

® As specified in Section 5.4 of Unsaturated Ground-Water Flow Modeling of Proposed Cholla
Landfill, (Maddock et al., 1989), saturated hydraulic conductivity and moisture retention data on
fourteen undisturbed cores taken from boreholes SHC-5 and SHC-22 near Section 8 and from borehole
® SHC-9 near Section 7 were determined by Daniel B. Stephens and Associates (Appendix I). The
purpose of this report is to compare the hydraulic properties obtained from the laboratory analysis with
the properties used in flow modeling described in Maddock et al (1989) and to determine whether or
® not the estimated hydraulic properties used for the model adequately represented the hyraulic
properties of the site. Due to the absence of samples near Section 9 (EMCON and Assoc., 1989), no

comparisons were made with the values used for Section 9 in the model.

[
2.0 Soil Hydraulic Properties
Estimates of van Genuchten parameters and the unsaturated hydraulic conductivity - suction
® relations were determined from moisture retention data obtained from samples taken at 14 locations.
2.1 Estimation of van Genuchten Parameters
e
The relative hydraulic conductivity is given by:
K(h
K, =) with 0 < K, < 1 (1)
‘ 8
where K(h) is hydraulic conductivity as a function of pressure head. The dependence of K, on water
content can be measured directly or estimated by using the closed-form expression for K, of van
L
Genuchten (1980):
1
<0
[1 + |ah|"=1/m
e = (2)
® 1 h >0
1
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=
I

. 8%[1 -(1- o1 )‘—rl?]) (3)

and
K(h) = K, K, (4)
where;
6-46
© = reduced water content, 8 = (—'—)-
(0: - 6'.)
and where;
K, = saturated hydraulic conductivity,
h = pressure head,
9§ = volumetric water content,
8, = residual volumetric water content,
§, = saturated volumetric water content,
n = fitting parameter inversely related to pore size distribution, and
a = fitting parameter inversely related to air-entry tension.

The volumetric water content, 8, is the volume of water per bulk volume of porous material.
The parameters 6., a and n were estimated by fitting the van Genuchten (van Genuchten, 1980) model
to the moisture retention data by nonlinear least squares. This procedure yields an analytical
expression for the relationship between hydraulic conductivity and moisture content required by
UNSAT2. Residual volumetric water content (f,) was estimated by extrapolating the laboratory
information to high suction values. A standard Marquardt-Levenberg algorithm (Press et al., 1986)
was used to solve the non-linear least squares problem. Numerical algorithms for obtaining these

parameters from moisture retention data are readily available (i.e., van Genuchten, 1980). The



parameter values are shown in Table 1. The fitted moisture retention curves for the 14 samples are

shown in Figures 1-14 along with the experimental suction-volumetric water content data values.

Suction is defined as minus pressure head , —h.

2.2 Unsaturated Hydraulic Conductivity Relations

Values of saturated hydraulic conductivity, K,’ and saturated volumetric water content, 6,,
determined from the laboratory procedures are listed in Table 1. Using equation (3), an estimated
hydraulic conductivity as a function of suction was determined for each of the samples. The curves of

these functions are shown in Figs 15-17.

3.0 Comparison of Model Hydraulic Properties with Laboratory Results

For the purpose of modeling flow, the subsurface profile was divided into layers estimated from
geologic cross-sections provided by EMCON and Associates (Maddock, et al., 1989). The USCS
classification of material types provided by Stephens (1989) at sample locations listed in Table 2 were
compared with the material types and locations of layers used in the model. Since samples were not
obtained from each material used in the model, comparisons can be made only for those samples which
correspond to the depths and material types used in the model. Table 3 shows the correspondence
between the material properties used for the layers in each section and the laboratory results based on

the samples.

3.1 Comparison of Sample Hydraulic Properties to Hydraulic Properties Used in the Model

1. Section 7, Material 1 compared with sample SHC-9-34.5: The saturated hydraulic
conductivity used in the model is less than the value of K, measured in the laboratory, (0.283 ft./d vs
0.81 ft./d). The hydraulic conductivity used in the model was less than that measured over all

suctions, however, the two curves are quite similar in shape (Figure 18).
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2. Section 7, Material 3 compared with samples SHC-9-49.5 and SHC-9-103.0: Parameter
values used in modeling result in the K-Suction relation having a higher value of conductivity at all

suctions than either of the K-Suction relations based on the laboratory data ( Figure 19).

3. Section 7, Material 4 compared with sample SHC-9-39.0: The saturated hydraulic
conductivity used in the model is a factor of 2 smaller than the value of K, measured by the laboratory
(10.045 ft/d vs 0.0961 ft/d). Unsaturated hydraulic conductivity used for the model was less than the
unsaturated K obtained from the sample for suction less than 10 ft. However, over the entire range of

suction the K-Suction relations are remarkably similar (Figure 20).

4. Section 7, Material 5 compared with sample SHC-22-23.5: The saturated hydraulic
conductivity used in the model is a factor of 2 smaller than the value of K, measured in the laboratory
(2.72 ft/d vs 5.5 ft/d). The unsaturated hydraulic conductivity used for the model was less than that
determined from the sample for suction less than 0.1 ft and greater than that determined from the

sample for suction greater than 0.1 ft (Figure 21).

5. Section 7, Material 8 compared with samples SHC-9-49.5 and SHC-9-103.0: Parameter
values used in modeling result in the K-Suction relation having a higher value of conductivity at all

suctions than either of the K-Suction relations based on the laboratory data ( Figure 22).

6. Section 8, Material 2 compared with sample SHC-5-79.5: The saturated hydraulic
conductivity used in the model is greater than the value of K, measured in the laboratory (2.72 ft/d vs
0.657 ft/d). Hydraulic conductivity of the model exceeded that of the sample over the entire range of

suction. However, the shapes of the curves are similar (Figure 23).

7. Section 8, Material 3 compared with sample SHC-22-77.5: The saturated hydraulic
conductivity used in the model is much greater than the value of K, measured in the laboratory (0.49
ft/d vs 0.00731 ft/d). The unsaturated hydraulic conductivity used in the model is greater than that

determined from the sample for suction less than 30 ft (Figure 24).



8. Section 8, Material 4 compared with sample SHC-5-79.5: The saturated hydraulic
conductivity used in the model is greater than the value of K, measured in the laboratory (3.69 ft/d vs
.657 ft/d). The hydraulic conductivity used in the model exceeded the measured K over the entire

range of suctions (Figure 25).

4.0 Conclusions and Recommendations

The simulation for Section 7 showed that the movement of the wetting front was confined to
Material 1. From item 1 of 3.1 above, the saturated hydraulic conductivity measured in the laboratory
was approximately 2.5 times that measured in situ by a falling head test. As can be seen from Figure
18, however, the K-Suction relations show good agreement. For a suction corresponding to the effective
pore pressure at the wetting front, Figure 18 shows the hydraulic conductivities to be the same. For
Materials 4 and 5, although the values of saturated hydraulic conductivity used in the model were
smaller than the measured values by a factor of two, the wetting front never reached these materials
during the simulation. Estimates of saturated hydraulic conductivity for Materials 3 and 8 were

conservative, although these data were not necessary for the simulated time period.

For Section 8, the laboratory results indicate that the values of saturated hydraulic

conductivities used in the model were conservative.

On the basis of these comparisons, the results of the simulation indicate that the wetting front

would not reach the landfill liner during the course of the modeled flood.
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Figure 1
Moisture Retention Curve for Sample SHC-5-79.5
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Figure 2

 Moisture Retention Curve for Sample SHC-

9-30.5
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Figure 3

Moisture Retention Curve for Sample SHC-9-34.5
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Figure 4
Moisture Retention Curve for Sample SHC-9-39.0
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Figure 5
Moisture Retention Curve for Sample SHC-9-49.5
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Figure 6

Moisture Retention Curve for Sample SHC-9-59.5
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Figure 7

Moisture Retention Curve for Sample SHC-9-69.5
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Moisture Retention Curve for Sample SHC-9-103.0
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Figure 9 :
Moisture Retention Curve for Sample SHC-22-23.5
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Figure 10

Moisture Retention Curve for Sample SHC-22-52.5
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Figure 11

Moisture Retention Curve for Sample SHC-22-54.0
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Figure 12
Moisture Retention Curve for Sample SHC-22-59.0

100000 3
10000§
= |
= 1000 =
O e
=z ¥
5 :
E: 100 3
3] k4
= 5)
= _l
.0
O 103
o | &
0 ol
13
0.1
0.1

llllllllll"]llilll]lllllllIl[lllilllll[llﬂlllll]llll"lfl[lllllllll LARRRRRANI

5> 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
Volumetric Water Content (cms? /e )



61

Suction (c‘m. of water)

€} sdeq psjodosy uo pejuLd

100000

L

10000

L 1 anul

1000

Ll

100

—
o
Lt 1l

Ll

Lyl

Figure 13
Moisture Retention Curve for Sample SHC-22-68.0
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Moisture Retention Curve for Sample SHC-22-77.5
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Figure 15
Hydraulic Conductivity as a Function of Suction -- Borehole 22
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Figure 16

Hydraulic Conductivity as a Function of Suction -- Borehole 9
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Figure 17
Hydraulic Conductivity as a Function of Suction -- Borehole 5
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Figure 18
K-Suction Comparison -- Section 7, Material 1, SM with SHC-9-34.5
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: Figure 19
K-Suction Comparison -- Section 7, Material 3, CL-ML with SHC-9-49.5 and SHC-9-103.0
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Figure 20

K-Suction Comparison -- Section 7, Material 4, SC with SHC-9-30.0
a3 —— SECTION 7 MATERIAL 4 SC
= — — SHC—-9-39.0
]
|
i |
= I
] I
1 |
=
- I

T T T T TT0T] T T T T 101070 T T T TT177TT]
o™ 10 10 10~

Hydraulic Conductivity (Feet/Day)



L7

€} ssdeq psjofosy uo pejuLd

® L4 4 ® ® e L J e
Figure 21
K-Suction Comparison -- Section 7, Material 5, SW with SHC-22-23.5
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Figure 22

K-Suction Comparison -- Section 7, Material 8, CL with SHC-9-49.5 and SHC-9-103.0
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Figure 23
K-Suction Comparison -- Section 8, Material 2, SM with SHC-5-79.5
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Figure 24

K-Suction Comparison -- Section 8, Material 3, CL with SHC-22-77.5
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Figure 25
K-Suction Comparison -- Section 8, Material 4, SM-SC with SHC-5-79.5
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Table 3

Equivalency of Model and Laboratory Material Classification

Model

USCS Class.

SM
GW
CL-ML

SC

SW
GM—GW
GC—GM

CL

Model

USCS Class.

GM
SM
CL
SM-SC
GM-GC
GM-SM
GW
GM-GW

Model

USCS Class.

SP

GP
GW—GM
SP-SW

CL

Section 7

Comparable
Sample

SHC-9-34.5

SHC-9-49.5
SHC-9-103.0
SHC-9-39.0
SHC-22-23.5

SHC-9-49.5
SHC-9-103.0

Section 8

Comparable
Sample

SHC-5-79.5
SHC-22-77.5
SHC-5-79.5

Section 9

Comparable
Sample

SHC-9-49.5
SHC-9-103.0

32

Laboratory

USCS Class.

SM-SC

CL-ML

CL-ML

SM-SC
SW

CL-ML
CL-ML

Laboratory

USCS Class.

SM-SC
CL-ML
SM-SC

Laboratory

USCS Class.

CL-ML
CL-ML

Depth (ft)

34.

w

49.
103.
39.
23.

Lwoowm

49.
103.0

w

Depth (ft)

79.5
77.5
79.5

Depth (ft)

49.5
103.0
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® INTRODUCTION

Daniel B. Stephens & Associates, Inc. (DBS&A) was requested
® mr. Michael Green of Emcon Associates in Phoenix, Arizona to
erform laboratory analysis for physical and hydraulic properties

£ soil samples, as outlined in the written communication of June

"1989. The scope of work included conducting the following
isks:
5 Sample Preparation
® 2. Saturated Hydraulic Conductivity
3 Initial Moisture Content, Dry Bulk Density and Porosity
4. Moisture Characteristics
L4 5. Particle Size Distribution

Pninted on Recycled Paper O




SUMMARY

DBS&A has completed the laboratory analysis as summarized in
Table 1. Tables 2 through 6 summarize the soil physical and
hydraulic properties. Raw laboratory data are contained in
Appendices A through D. Appendix E contains descriptions of the
laboratory methods used for this suite of analyses.

Fourteen soil samples were sub-sampled from the soil cores
delivered to the DBS&A Laboratory. Soil core. SHC-9-30.5(a)
required repacking of the soil due to poor sample integrity. The
remaining soil cores were delivered generally well intact. Table
2 contains soil core comments.

The results were evaluated subjectively for consistency and
reasonableness. Most of the results appear to be reasonably
representative of the material tested. However, calculated
porosities are less than the saturated moisture content achieved
after permeability testing. This may be due to an incorrect
assumption that the particle density is equal to 2.65 g/cc and/or
slight swelling of the soil after water imbibition.

We also note that the moisture characteristic curves for some

clay samples do not approach the typical asymptotic value at 15

bars of tension. For example, sample numbers SHC-22-54.0, SCH-22-
59.0, SCH-22-68.0 and SCH-22-77.5 loose a significant amount of

water between 7 and 15 bars of tension.
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DBS&A does not assume any responsibility for interpretations
or analysis based on these data, nor can we guarantee that these
results are fully representative of the undisturbed materials at

the field scale. We recommend that careful evaluation of these

laboratory results be made for your particular application.



Table 1. Summary of Tests Performed

Saturated Moisture Characteristics |Initial Dry Particle Size

Hydraulic Hanging|Pressure|Pressure|Moisture| Bulk Distribution

Conductivity|Column Plate Membrane|Content |Density|Porosity|Sieve|Hydrometer
SHC-5-79.5 X X X X X X X X
SHC-9-30.5(a) X X X X X X X
SHC-9-34.5 (b) X X X X X X X
SHC-9-39.0(a) X X % X X X X
SHC-9-49.5 X X X X X X X
SHC-9-59.5(a) X X X X X X X
SHC-9-69.5(b) X X X X X X X
SHC-9-103.0(a) X X X X % X
SHC-22-23.5 X X X X X X X
SHC-22-52.5 X X X X X X X
SHC-22-54.0 X X X X X X
SHC-22-59.0 X X X X X X
SHC-22-68.0 X X X X X X
SHC-22-77.5 X X X X X X
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Table 2. Summary of Sample Characteristics
Sample Depth ASTM D 2488-84
Number (ft) | Colox] Texture Classificatio Comments
SHC-5-79.5 79.5 | brown| silt SM-SC slightly moist, moderately loose compaction,
sample contained some large particles
SHC-9-30.5(a) 30.5 | brown| silty sand| SW-SC dry to slightly mosit, moderately loose
w/gravel compaction, gravel particles were 0.5-1.0 cm
in diameter
SHC-9-34.5(b) 34.5 | brown| silty sand SM-SC dry to slightly moist, moderately loose
compaction, high silt content
SHC-9-39.0(a) 39.0 | brown| silty sand| SM-SC slightly moist, moderately dense compaction
w/gravel gravel particles were 0.5-1.0 cm in diameter,
high silt content
SHC-9-49.5 49.5 | brown| clay CL-ML moist, dense compaction, sample contained an
area of angular particles
SHC-9-59.5(a) 59.5 | brown| silty sand| SM-SC moist, moderately loose compaction, high silt
w/gravel content
SHC-9-69.5 (b) 69.5 | brown| sand SM-SC slightly moist to moist, moderately dense
compaction
SHC-9-103.0(a) | 103.0[ brown| clay CL-ML moist, dense compaction
SHC-22-23.5 23.5 | brown| silty sand SW dry, loose compaction
w/gravel
SHC-22-52.5 52.5 | brown| silt CL-ML moist, moderately dense compaction
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Table 2. Summary of Sample Characteristics (Continued)

Sample Dept ASTM D 2488-84
Number (ft) | Color] Texture Classification Comments :
SHC-22-54.0 54.0 | brown| clay CL-ML moist, dense compaction
SHC-22-59.0 59.0 | brown| clay CL-ML moist, dense compaction
SHC-22-68.0 68.0 | brown| silt CL-ML moist, moderately loose compaction, sample
contained a large cobble 5 cm in diameter
SHC-22-77.5 77.5 | brown| clay CL-ML moist, dense compaction




Table 3. Summary of Initial Moisture Content,
Dry Bulk Density and Porosity

Initial Moisture Content Dry Bulk

Gravimetric Volumetric Density Porosity

Sample No. (% a/q) (% cm’/cm®)  (g/ce) (%)

SHC-5-79.5 25.69 35.58 1.39 47.73
SHC-9-30.5(a) 12.15 20.44 1.68 36.48
SHC-9-34.5(b) 16.42 26.73 1.63 38.57
SHC-9-39.0(a) 19.66 31.39 1.60 39.75
SHC-9-49.5 34.16 45.00 1.32 50.29
SHC-9-59.5(a) 18.91 31.37 1.66 37.40
SHC-9-69.5(b) 12.97 20.97 1.62 38.99
SHC-9-103.0(a) 26.34 38.38 1.46 45.02
SHC-22-23.5 8.72 13.91 1.59 39.83
SHC-22-52.5 21.85 35.92 1.64 37.98
SHC-22-54.0 31.94 42.42 1.33 49.89
SHC-22-59.0 28.34 42.08 1.48 43.97
SHC-22-68.0 28.69 42.63 1.49 43.92

SHC-22-77.5 32.83 47.26 1.44 45.67
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Table 4. Summary of Saturated Hydraulic Conductivity Tests
Method of Analysis ‘

Sample No. K. (cm/sec) Constant Head Falling Head

@
SHC-5-79.5 2.32E-04 X
SHC-9-30.5(a) 5.37E-04 X
SHC-9-34.5(b) 2.87E-04 X
SHC-9-39.0(a) 3.39E-05 X

® SHC-9-49.5 5.62E-07 X
SHC-9-59.5(a) 1.17E-05 X
SHC-9-69.5(b) 2.66E-04 X
SHC-9-103.0(a) 2.08E-05 X
SHC-22-23.5 1.94E-03 X

@ SHC-22-52.5 5.40E-06 .4
SHC-22-54.0 9.29E-06 X
SHC-22-59.0 3.50E-06 X
SHC-22-68.0 1.68E-05 X
SHC-22-77.5 2.58E-06 X

®

]

®

@

@
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Table 5. Summary of Moisture Characteristics

Pressure Head Moisture Content

Sample No. (-cm of water) (% cm?[cm{L__
SHC-5-79.5 0.0 54.64
43.5 41.41
102.0 37.73
195.5 34.99
509.9 30.01
1019.8 26.61
5099.0 25.49
SHC-9-30.5(a) 0.0 45.40
44.0 32.80
99.0 27.98
191.5 24.78
509.9 20.77
1019.8 18.92
5099.0 18.93
SHC-9-34.5(b) 0.0 50.67
1019.8 26.27
5099.0 23.02
15297.0 17.51
SHC-9-39.0(a) 0.0 45.50
1019.8 26.83
5099.0 22.49
15297.0 18.70
SHC-9-49.5 0.0 56.62
1019.8 48.77
5099.0 44.39
15297.0 ' 41.24
SHC-9-59.5(a) 0.0 48.50
1019.8 33.01
5099.0 27.47
15297.0 1773
SHC-9-69.5(b) 0.0 55.37
45.5 40.37
100.0 32.75
192.5 27.74
509.9 21.98
1019.8 19.95

5099.0 18.52
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Table 5. Summary of Moisture Characteristics (Continued)
|
Pressure Head Moisture Content
Sample No. (-cm of water) (% cm’/cm®)
®
SHC-9-103.0(a) 0.0 50.71
1019.8 35.90
5099.0 29.39
15297.0 27 .17
® SHC-22-23.5 0.0 48.35
41.5 25.60
94.0 18.22
186.0 15.16
509.9 12.18
| 1019.8 i1 e 13
@ 5099.0 10.12
SHC-22-52.5 0.0 44 .51
1019.8 32.25
5099.0 26.43
15297.0 23.41
[
SHC-22-54.0 0.0 55.00
1019.8 43.61
5099.0 36.74
15297.0 28.95
° SHC-22-59.0 0.0 50.26
1019.8 37.23
5099.0 3,03
15297.0 22.95
SHC-22-68.0 0.0 59.80
e 1019.8 35.68
5099.0 26.19
15297.0 18.64
SHC-22-77.5 0.0 53.41
P 1019.8 45.36
5099.0 36.93
15297.0 29.77
o
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Table 6.

Summary of Particle Size Characteristics

dio dso deo Cy C.

Sample No. (mm) (mm) (mm)

SHC-5-79.5 * 0.22 0.34 - -
SHC-9-30.5(a) 0.13 0.80 1.10 8.46 0.0
SHC-9-34.5(b) 0.011 0.30 0.38 34.55  4.04
SHC-9-39.0(a) 0.02 0.20 0.36 18.00 0.93
SHC-9-49.5 * 0.0054 0.012 - -
SHC-9-59.5(a) 0.0152 0.26 0.38 25.00 1.40
SHC-9-69.5(b) 0.08 0.38 0.51 6.38 1.19
SHC-9-103.0(a) * 0.018 0.027 == -
SHC-22-23.5 0.15 0.73 1.00 6.67 0.96
SHC-22-52.5 0.0044 0.07 0.08 18.18 1.92
SHC-22-54.0 * 0.01 0.17 i ——
SHC-22-59.0 0.0022 0.029 0.037 16.82 1.77
SHC-22-68.0 “0.003 0.03 0.04 13.33 1.88
SHC-22-77.5 * 0.018 0.024 - -

* diameter was not reached with test(s) specified
- values are dependent on diameters that were not reached



Appendix A: INITIAL MOISTURE CONTENT, DRY BULK
DENSITY AND POROSITY



| Summary of Initial Moisture Content,
| Dry Bulk Density and Porosity
| Initial Moisture Content Dry Bulk
! ) Gravimetric Volumetric Density Porosity
Sample No. (% g/q) (% ‘en’/em’). . - (d/ce) (%)
| SHC-5-79.5 25.69 35.58 1.39 47.73
|
| SHC-9-30.5(a) 12.15 20.44 1.68 36.48
‘. SHC-9-34.5(b) 16.42 26.73 1.63 38 .57
| SHC-9-39.0(a) 19.66 31.39 1.60 39.75
‘ SHC-9-49.5 34.16 45.00 18532 50.29
| SHC-9-59.5(a) 18.91 31 .37 L .66 37.40
§ SHC-9-69.5 (b) 19...817 20.97 1.62 38.99
1 SHC-9-103.0(a) 26.34 38.38 1546 45.02
®
SHC-22-23.5 8.72 13.91 11359 39.'83
| SHC-22-52.5 21.85 35.92 1.64 37.98
| SHC-22-54.0 31.94 42.42 1.33 49.89
‘ SHC-22-59.0 28.34 42.08 1.48 43.97
| SHC-22-68.0 28.69 42.63 1.49 43.92
‘. SHE-22-77.5 32.83 47.26 1.44 45.67
|
|
°
®
@
|
® |
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DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-5-79.5
RING NUMBER: P27
DEPTH: 79.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 120.79 (9)
TARE WEIGHT, RING: 17.89 (g9)
TARE WEIGHT, PAN: 0.00 (9)
SAMPLE VOLUME: 59.11 (cc)
DATE AND TIME INTO OVEN: 8/14/89 @ 830
DATE AND TIME OUT OF OVEN: 8/16/89 @ 1200

DRY WEIGHT OF SAMPLE: 81.87 (9)
DRY BULK DENSITY: 1.39 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)

(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
CALCULATED POROSITY: 47.73 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 35.58 (% vol)

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 25.69 (%)

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson



|

i‘. -

‘ DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
§‘ SAMPLE NUMBER: SHC-9-30.5 (a)
| RING NUMBER: P11
DEPTH: 30.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING):  134.67 (g)
TARE WEIGHT, RING: 18.42 (g)

TARE WEIGHT, PAN: 0.00 (g)
SAMPLE VOLUME:  61.58 (cc)
® DATE AND TIME INTO OVEN: 8/14/89 @ 830

DATE AND TIME OUT OF OVEN: 8/16/8%9 @ 1200

DRY WEIGHT OF SAMPLE: 103.66 (g)

DRY BULK DENSITY: 1.68 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
e CALCULATED POROSITY: 36.48 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 20.44 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 12.15 (%)
® COMMENTS :
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson
|
PY |
®
{4
o
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DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-34.5 (b)
RING NUMBER: P21
DEPTH: 34.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 129.98 (g9)
TARE WEIGHT, RING: 17.96 (g)
TARE WEIGHT, PAN: 0.00 (g)
SAMPLE VOLUME: 59.11 (cc)
DATE AND TIME INTO OVEN: 8/7/89 @ 1600
DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE: 96.22 (g)
DRY BULK DENSITY: 1.63 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
CALCULATED POROSITY: 38.57 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 26.73 (% vol)

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 16.42 (%)
COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson



DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

i JOB NAME: EMCON
| JOB NUMBER: 89-L-060
) SAMPLE NUMBER: SHC-9-39.0 (a)
RING NUMBER: X7
DEPTH: 39.0 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 181.01 (9)
TARE WEIGHT, RING: 41.43 (9)

TARE WEIGHT, PAN: 0.00 (g)
SAMPLE VOLUME:  73.06 (cc)
® DATE AND TIME INTO OVEN: 8/7/89 @ 1600

DATE AND TIME OUT OF OVEN: 8/9/8% @ 1500

DRY WEIGHT OF SAMPLE: 116.65 (g9)

DRY BULK DENSITY: 1.60 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
® CALCULATED POROSITY: 39.75 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 31.39 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 19.66 (%)
® COMMENTS :
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson
®
®
&

® ' Printed on Recycled Paper 3




DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-49.5
RING NUMBER: X5
DEPTH: 49.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 169.86 (g)
TARE WEIGHT, RING: 40.74 (9)
TARE WEIGHT, PAN: 0.00 (g9)
SAMPLE VOLUME: 73.06 (cc)
DATE AND TIME INTO OVEN: 8/7/89 @ 1600
DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE: 96.24 (9)
DRY BULK DENSITY: 1.32 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)

(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
CALCULATED POROSITY: 50.29 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 45.00 (% vol)

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 34.16 (%)

COMMENTS :

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson



DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
) JOB NUMBER: 89-L-060
| SAMPLE NUMBER: SHC-9-59.5 (a)
RING NUMBER: P20
DEPTH: 59.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 134.52 (9)
TARE WEIGHT, RING: 17.92 (9)

| TARE WEIGHT, PAN: 0.00 (9)
o SAMPLE VOLUME:  59.11 (cc)
DATE AND TIME INTO OVEN: 8/7/89 @ 1600
DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE: 98.06 (9)
DRY BULK DENSITY: 1.66 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
. (METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
CALCULATED POROSITY: 37.40 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 31.37 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 18.91 (%)
L ]
COMMENTS:
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson
o
-
@
@

o
Printed on Recycled Paper &%




DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-69.5 (b)
RING NUMBER: X8
DEPTH: 69.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 175.43
TARE WEIGHT, RING: 41.98

TARE WEIGHT, PAN: 0.00

SAMPLE VOLUME: 73.06

DATE AND TIME INTO OVEN: 8/14/89

DATE AND TIME OUT OF OVEN: 8/16/89

DRY WEIGHT OF SAMPLE: 118.13
DRY BULK DENSITY: 1.62
PARTICLE DENSITY: 2.65

(METHOD: ASSUME MEAN PARTICLE DENSITY
CALCULATED POROSITY: 38.99 (% vol)

INITIAL MOISTURE CONTENT (VOLUMETRIC): 20.97 (% vol)

(9)
(9)
(9)
(cc)
@ 830
a 1200

(9)
(g/cc)
(g/cc)

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 12.97 (%)

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson

2.65 g/cc)



‘. =
DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
() SAMPLE NUMBER: SHC-9-103 (a)
RING NUMBER: X1
DEPTH: 103.0 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 175.15 (g)
TARE WEIGHT, RING: 40.66 (g9)

|

| TARE WEIGHT, PAN: 0.00 (g)

‘ SAMPLE VOLUME: 73.06 (cc)
@ DATE AND TIME INTO OVEN: 8/7/89 @ 1600

DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE: 106.45 (9)

-

|

| DRY BULK DENSITY: 1.46 (g/cc)

i PARTICLE DENSITY: 2.65 (g/cc)

| (METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)

@

i CALCULATED POROSITY: 45.02 (% vol)

| INITIAL MOISTURE CONTENT (VOLUMETRIC): 38.38 (% vol)

% INITIAL MOISTURE CONTENT (GRAVIMETRIC): 26.34 (%)

@ . COMMENTS::

\

\

‘ LABORATORY ANALYSIS PERFORMED BY: W. Strong

1 CALCULATIONS MADE BY: L. Simpson

i CHECKED BY: E. Mattson

@ j
|
|
|
|
|
|

® |
|
|

[

¢

® Printed on Recycled Paper ¢y




DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-23.5
RING NUMBER: P23
DEPTH: 23.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 120.52 (g9)
TARE WEIGHT, RING: 18.05 (g9)
TARE WEIGHT, PAN: 0.00 (g)
SAMPLE VOLUME: 59.11 (cc)
DATE AND TIME INTO OVEN: 8/14/89 @ 830
DATE AND TIME OUT OF OVEN: 8/16/89 @ 1200

DRY WEIGHT OF SAMPLE: 94.25 (g9)
DRY BULK DENSITY: 1.59 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)

(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)

CALCULATED POROSITY: 39.83 (% vol)

INITIAL MOISTURE CONTENT (VOLUMETRIC): 13.91 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 8.72 (%)
COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson



DATA FOR INITIAL MOISTURE CONTENT,

BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-52.5
RING NUMBER: X6
DEPTH: 52.5 FT.
TARE WEIGHT, RING: 40.73 (9)
TARE WEIGHT, PAN: 0.00 (g)
73.06 (cc)

o SAMPLE VOLUME:
DATE AND TIME INTO OVEN: 8/7/89 @ 1600
DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE: 120.08 (g)
DRY BULK DENSITY: 1.64 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 187.05 (g)

(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
|
|
|
\
|
|
|
\
|

.
CALCULATED POROSITY: 37.98 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 35.92 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 21.85 (%)
. COMMENTS:
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson
®
° 3
|
|
|
°
".

® Printed on Recycled Paper




DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-54.0
RING NUMBER: X3
DEPTH: 54.0 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 169.18 (g)
TARE WEIGHT, RING: 41.17 (9)
TARE WEIGHT, PAN: 0.00 (g9)
SAMPLE VOLUME: 73.06 (cc)
DATE AND TIME INTO OVEN: 8/7/89 @ 1600
DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE: 97.02 (g)
DRY BULK DENSITY: 1.33 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)

CALCULATED POROSITY: 49.89 (% vol)

INITIAL MOISTURE CONTENT (VOLUMETRIC): 42.42 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 31.94 (%)
COMMENTS :

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson



‘D =
DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
o SAMPLE NUMBER: SHC-22-59.0
RING NUMBER: X2
DEPTH: 59.0 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 180.53 (9)
TARE WEIGHT, RING: 41.32 (9)

TARE WEIGHT, PAN: 0.00 (g)
SAMPLE VOLUME: 73.06 (cc)
[ 4 DATE AND TIME INTO OVEN: 8/7/89 @ 1600

DATE AND TIME OUT OF OVEN: 8/9/8%9 @ 1500

DRY WEIGHT OF SAMPLE: 108.47 (g9)

DRY BULK DENSITY: 1.48 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
®
CALCULATED POROSITY: 43.97 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 42.08 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 28.34 (%)
® COMMENTS:
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson
o
o
®
®

® Printed on Recycled Paper {3




DATA FOR INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-68.0
RING NUMBER: P12
DEPTH: 68.0 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 131.40 (g)
TARE WEIGHT, RING: 18.36 (g)
TARE WEIGHT, PAN: 0.00 (9)
SAMPLE VOLUME: 59.11 (cc)
DATE AND TIME INTO OVEN: 8/7/89 @ 1600
DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE: 87.84 (g)
DRY BULK DENSITY: 1.49 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)
CALCULATED POROSITY: 43.92 (% vol)
INITIAL MOISTURE CONTENT (VOLUMETRIC): 42.63 (% vol)

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 28.69 (%)

COMMENTS :

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson



é DATA FOR_INITIAL MOISTURE CONTENT,
BULK DENSITY, AND POROSITY

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-77.5
RING NUMBER: X&
[ ] DEPTH: 77.5 FT.

FIELD WEIGHT OF SAMPLE (W/CAP AND RING): 181.74 (9)
TARE WEIGHT, RING: 42.03 (9)
TARE WEIGHT, PAN: 0.00 (g9)
SAMPLE VOLUME: 73.06 (cc)
DATE AND TIME INTO OVEN: 8/7/89 a 1600
o DATE AND TIME OUT OF OVEN: 8/9/89 @ 1500

DRY WEIGHT OF SAMPLE:  105.18 (g)
DRY BULK DENSITY: 1.44 (g/cc)
PARTICLE DENSITY: 2.65 (g/cc)
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc)

CALCULATED POROSITY: 45.67 (% vol)

®
INITIAL MOISTURE CONTENT (VOLUMETRIC): 47.26 (% vol)
INITIAL MOISTURE CONTENT (GRAVIMETRIC): 32.83 (%)
COMMENTS:
®
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATIONS MADE BY: L. Simpson
CHECKED BY: E. Mattson
e
L
®
[

o Printed on Recycled Paper




Appendix B: SATURATED HYDRAULIC CONDUCTIVITY




Summary of Saturated Hydraulic Conductivity Tests

Sample No.

SHC=5-7945

SHC-9-30.5(a)
SHC-9-34.5(b)
SHC-9-39.0(a)
SHC-9-49.5

SHC-9-59.5(a)
SHC-9-69.5 (b)
SHC-9-103.0(a)

SHC-22-23.5
SHC-22-52.5
SHC-22-54.0
SHC-22-59.0
SHC-22-68.0
SHC-22-77.5

K. (cm/sec)

2.32E-04

5.37E-04
2.87E-04
3.39E-05
5.62E-07
1.17E-05
2.66E-04
2.08E-05

1.94E-03
5.40E-06
9.29E-06
3.50E-06
1.68E-05
2.58E-06

Method of Analysis

Constant Head

X

X
X

Falling Head

<

<X XK X

Printed on Recycled Paper {y



CONSTANT HEAD PERMEAMETER DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-5-79.5
RING NUMBER: P27

DEPTH: 79.5 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE LENGTH: 2.4 (cm)
SAMPLE RADIUS: 2.8 (cm)
SAMPLE X-SECTIONAL AREA: 24.63 (sq. cm)
DATE TIME  TEMP HEAD FLOW ELAPSED K SAT K SAT @ 20

(1989) (DAY) ( C) CHANGE (CM) VOL(CC) TIME(SEC) (CM/SEC) (CM/SEC)

931 1.74E-04  1.63E-04

7/12 1154 23.0 4.0
3.4 547 2.42E-04  2.26E-04
2.1
8.5

2
7/13 1021  23.0 2
7/14 1417 24.0 2.
7/17 1218  23.0 2

336 2.54E-04  2.32E-04
445  1.69E-03  1.58E-03

COMMENTS:
LABORATORY ANALYSIS BY: S. Stoller

CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



[ CONSTANT HEAD PERMEAMETER DATA

JOB NAME:  EMCON

JOB NUMBER:  89-L-060 |

SAMPLE NUMBER:  SHC-9-30.5 (b) |

RING NUMBER: P11 |
DEPTH:  30.5 FT.

® TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE LENGTH: 2.5 (cm)
SAMPLE RADIUS: 2.8 (cm)
SAMPLE X-SECTIONAL AREA: 24.63 (sq. cm)
| DATE TIME  TEMP HEAD FLOW ELAPSED K SAT K SAT @ 20
® (1989) (DAY) ( C) CHANGE (CM) VOL(CC) TIME(SEC) (CM/SEC) (CM/SEC)

5 1120 3.58E-04 3.34E-04
0 573 7.46E-04 6.97E-04
.8 345 5.88e-04 5.37E-04
5 7702 3.81E-05 3.56E-05

| 7712 1152 23.0
| 7/13 1020 23.0
| 7714 1616 26.0
| My T 3.0

_._._._.
0000

® COMMENTS:

LABORATORY ANALYSIS BY: S. Stoller
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson

o Printed on Recycled Paper Ty




CONSTANT HEAD PERMEAMETER DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-34.5 (b)

RING NUMBER: P21
DEPTH: 34.5 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION

SAMPLE LENGTH: 2.4 (cm)
SAMPLE RADIUS: 2.8 (cm)
SAMPLE X-SECTIONAL AREA: 24.63 (sq. cm)
DATE TIME TEMP HEAD FLOW ELAPSED K SAT K SAT @ 20

(1989) (DAY) ( C) CHANGE (CM) VOL(CC) TIME(SEC) (CM/SEC) (CM/SEC)

7/12 1201 23.0

2.2 8260 2.47E-05 2.30E-05
7/13 1020 23.0 2.3

2.2

2.2

4.6

3.0 8260 1.54E-05  1.44E-05
7/14 1416 24.0 3.8
7717 1217 23.0 1.0

5346 - 3.15e-05 2.87E-05
18924 2.57E-05  2.41E-05

COMMENTS::

LABORATORY ANALYSIS BY: S. Stoller

CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



FALLING HEAD TEST DATA

JOB NAME: EMCON |
® ~ JOB NUMBER: 89-L-060 |

SAMPLE NUMBER: SHC-9-39.0 (a)

RING NUMBER: X7
DEPTH: 39.0 FT.
TYPE OF WATER USED: 0.0TN CaCl2 SOLUTION
SAMPLE X-SECTION AREA: 29.22 (sq. cm)
STANDPIPE X-SECTION AREA: 0.709 (sq. cm)

o SAMPLE LENGTH: 2.5 (cm)
DATE TIME  DEL T TEMP RESERVOIR SAMPLE K SAT K SAT 2 20 C
(1989)  (DAY)  (SEC) ( C) HEAD(CM) HEAD(CM)  (CM/SEC)  (CM/SEC)
TEST # 1:
° 7/12 1236.55 21.0 0.0 86.2
7/12 1418.20 6085 22.0 0.0 5.8 2.69E-05 2.60€-05
TEST # 2:
7/13 1027.17 21.5 0.0 87.0
7/13 1131.36 3859  21.5 0.0 11.2  3.226-05  3.11E-05
|
| TEST # 3:
® 7/14 1427.55 23.0 0.0 86.5
7/14 1542.33 4478  23.0 0.0 4.8  3.92E-05  3.66E-05

AVERAGE K SAT: 3.39€-05 (CM/SEC)

®
COMMENTS: Average Ksat was taken to be the average of the last 2 readings.

LABORATORY ANALYSIS BY: S. Stoller

CALCULATIONS MADE BY: S. Stoller

@ CHECKED BY: E. Mattson
®
®
&

o Printed on Recycled Paper ¢y




FALLING HEAD TEST DATA

JOB NAME:

JOB NUMBER:

SAMPLE NUMBER:

RING NUMBER:

DEPTH:

TYPE OF WATER USED:
SAMPLE X-SECTION AREA:
STANDPIPE X-SECTION AREA:

EMCON

89-L-060
SHC-9-49.5

XS

49.5 FT.

0.01N CaCl2 SOLUTION
29.22 (sq. cm)
0.709 (sq. cm)

SAMPLE LENGTH: 2.5 (cm)
DATE TIME DEL T  TEMP RESERVOIR SAMPLE K SAT K SAT @ 20 C
(1989)  (DAY) (SEC)  ( C) HEAD(CM) HEAD(CM)  (CM/SEC) (CM/SEC)
TEST # 1:
7/12 1238.30 21.0 0.0 87.1
7/13 800.55 69745  21.0 0.0 21.1 1.23e-06 1.20€E-06
TEST # 2:
7/13 1028.40 21.5 0.0 92.2
7/14 1423.55 100515 23.0 0.0 32.7 6.26€E-07 5.94€-07
TEST # 3:
7/17 1224.00 21.5 0.0 63.1
7/18 909.00 74700 21.0 0.0 32.2 5.46E-07 5.31e-07

AVERAGE K SAT: 5.62E-07 (CM/SEC)

COMMENTS: Average Ksat was taken to be the average of the last 2 readings.

LABORATORY ANALYSIS BY:
CALCULATIONS MADE BY:
CHECKED BY:

S. Stoller
S. Stoller
E. Mattson



Y CONSTANT HEAD PERMEAMETER DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-59.5 (a)
RING NUMBER: P20
DEPTH: 59.5 FT.

‘. TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE LENGTH: 2.4 (cm)
‘ SAMPLE RADIUS: 2.8 (cm)
SAMPLE X-SECTIONAL AREA: 24.63 (sq. cm)
DATE TIME TEMP HEAD FLOW ELAPSED K SAT K SAT @ 20
® (1989) (DAY) ( C) CHANGE (CM) VOL(CC) TIME(SEC) (CM/SEC) (CM/SEC)
7/12 1153 23.0 2.0 1.6 8750 8.91E-06 8.32E-06
7713 1021 23.0 2.0 1.4 7513 9.08E-06 8.48E-06
7/14 1617 24.0 2.0 1.4 5342 1.28E-05 1.17E-05
7/17 1218 23.0 2.0 3.6 18927 9.27E-06 8.66E-06

@ COMMENTS:

LABORATORY ANALYSIS BY: S. Stoller
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson

o Printed on Recycled Paper {3




CONSTANT HEAD PERMEAMETER DATA

JOB NAME:

JOB NUMBER:

SAMPLE NUMBER:

RING NUMBER:

DEPTH:

TYPE OF WATER USED:
SAMPLE LENGTH:

SAMPLE RADIUS:

SAMPLE X-SECTIONAL AREA:

EMCON
89-L-060
SHC-9-69.5 (b)
X8
69.5 FT.
0.01N CaCl2 SOLUTION
2.5 (cm)
3.05 (cm)
29.22 (sq. cm)

DATE TIME  TEMP HEAD

(1989) (DAY)  ( C) CHANGE (CM)

FLOW ELAPSED K SAT
VOL(CC) TIME(SEC) (CM/SEC)

K SAT @ 20
(CM/SEC)

7712 1152 23.0 2.4
7/13 1021 23.0 2.4
7/ 1417 24.0 2.4
7717 1217 23.0 2.4

COMMENTS:

LABORATORY ANALYSIS BY:
CALCULATIONS MADE BY:
CHECKED BY:

6.7 1056 2.26E-04
4.6 607 2.70E-04
2.8 343 2.91E-04
3.4 476  2.56E-04

S. Stoller

S. Stoller

E. Mattson

2.11E-04
2.52E-04
2.66E-04
2.39E-04



FALLING HEAD TEST DATA

JOB NAME: EMCON

[ ~ JOB NUMBER: 89-L-060

SAMPLE NUMBER: SHC-9-103.0 (a)
RING NUMBER: X1
DEPTH: 103.0 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION

SAMPLE X-SECTION AREA: 29.22 (sq. cm)
STANDPIPE X-SECTION AREA: 0.709 (sq. cm)

® SAMPLE LENGTH: 2.5 (cm)
DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT @ 20 C
(1989) (DAY) (SEC) ( C) HEAD(CM) HEAD(CM) (CM/SEC) (CM/SEC)
TEST # 1:
| 7/12 1238.00 21.0 0.0 87.0
’ 7/12 1500.18 8538 22.0 0.0 15.6 1.22E-05 1.18€-05
TEST # 2:
7/13 1028.05 21.5 0.0 84.0
7/13 1227.24 7159  21.5 0.0 7.6 2.04E-05 1.97E-05
| TEST # 3:
‘. 7/14 1428.32 23.0 0.0 86.1
| 7/14 1542.59 4467  23.0 0.0 15.3 2.35E-05 2.19€-05

AVERAGE K SAT: 2.08E-05 (CM/SEC)

|
|
@
i COMMENTS: Average Ksat was taken to be the average of the last 2 readings.
\
\

LABORATORY ANALYSIS BY: S. Stoller

CALCULATIONS MADE BY: S. Stoller

® CHECKED BY: E. Mattson
@
@
®
|
@ Printed on Recycled Paper 'y



CONSTANT HEAD _PERMEAMETER DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-23.5
RING NUMBER: p23
DEPTH: 23.5 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE LENGTH: 2.4 (cm)
SAMPLE RADIUS: 2.8 (cm)
SAMPLE X-SECTIONAL AREA: 24.63 (sq. cm)
DATE TIME TEMP HEAD FLOW ELAPSED K SAT K SAT a 20
(1989) (DAY) ( C) CHANGE (CM) VOL(CC) TIME(SEC) (CM/SEC) (CM/SEC)
7/12 1154 23.0 2.3 14.6 168 3.68E-03 3.44E-03
7/13 1021  23.0 2.3 8.6 133 2.74E-03  2.56E-03
7/16 1421 24.0 2.2 10.2 213 2.12E-03 1.94E-03
7/17 1218 23.0 2.3 15.5 464  1.40E-03 1.31E-03
COMMENTS :
LABORATORY ANALYSIS BY: S. Stoller
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



FALLING HEAD TEST DATA

e _ JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-52.5
RING NUMBER: X6
DEPTH: 52.5 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE X-SECTION AREA: 29.22 (sq. cm)
STANDPIPE X-SECTION AREA: 0.709 (sq. cm)
| SAMPLE LENGTH: 2.5 (cm)

DATE TIME DEL T  TEMP RESERVOIR SAMPLE K SAT K SAT @ 20 C
(1989) (DAY) (SEC)  ( C) HEAD(CM) HEAD(CM)  (CM/SEC) (CM/SEC)

TEST # 1:
® 7712 1238.57 21.0 0.0  90.9
7/12 1708.20 16163 22.0 0.0 301  4.156-06  4.01E-06
TEST # 2:
7/13 1028.59 21.5 0.0  88.0
7/13 1613.10 20651 22.0 0.0,  12.9 5.64E:06 . S.42E-06
TEST # 3:
L 7/14 1429.30 23.0 0.0  93.0
7/14 1704.25 9475 23.0 0.0 37.8 5.766-06  5.38E-06

AVERAGE K SAT: 5.40E-06 (CM/SEC)

COMMENTS: Average Ksat was taken to be the average of the last 2 readings.

LABORATORY ANALYSIS BY: S. Stoller
® CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson

® Printed on Recycled Paper {3




FALLING HEAD TEST DATA

= JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-54.0
RING NUMBER: X3
DEPTH: 54.0 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE X-SECTION AREA: 29.22 (sq. cm)
STANDPIPE X-SECTION AREA: 0.709 (sq. cm)

SAMPLE LENGTH: 2.5 (cm)
DATE TIME DEL T  TEMP RESERVOIR SAMPLE K SAT K SAT @ 20 C
(1989)  (DAY) (SEC) ( C) HEAD(CM) HEAD(CM)  (CM/SEC) (CM/SEC)
TEST # 1:
7/12 1239.57 21.0 0.0 85.4
7/12 1708.40 16123  22.0 0.0 31.0 3.81E-06 3.68E-06
TEST # 2:
7/13 1029.42 21.5 0.0 83.4
7/13 1612.20 20588 22.0 0.0 3.0 9.80E-06 9.41E-06
TEST # 3:
7/14 1430.30 © 23.0 0.0 78.5
7/14 1705.02 9272 23.0 0.0 17.5 9.82E-06 9.17E-06

AVERAGE K SAT: 9.29E-06 (CM/SEC)

COMMENTS: Average Ksat was taken to be the average of the last 2 readings.

LABORATORY ANALYSIS BY: S. Stoller
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



FALLING HEAD TEST DATA

o - JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-59.0
RING NUMBER: X2
DEPTH: 59.0 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE X-SECTION AREA: 29.22 (sq. cm)
Y STANDPIPE X-SECTION AREA: 0.709 (sq. cm)
SAMPLE LENGTH: 2.5 (cm)

DATE TIME DEL T  TEMP RESERVOIR SAMPLE K SAT K SAT @ 20 C
(1989)  (DAY) (SEC) ( C) HEAD(CM) HEAD(CM)  (CM/SEC) (CM/SEC)

TEST # 1:
o 7/12 1239.32 21.0 0.0 91.2
7/13 800.27 69655 21.0 0.0 8.2 2.10E-06 2.05e-06
TEST # 2:
7/13 1029.20 21.5 0.0 93.0
7/13 1612.50 20610 22.0 0.0 29.2 3.41E-06 3.28E-06
. TEST # 3:
7/14 1430.06 23.0

5
.9 3.99€-06 3.73e-06

oo
oo

7/14 1704.45 9279 23.0

AVERAGE K SAT: 3.50E-06 (CM/SEC)

COMMENTS: Average Ksat was taken to be the average of the last 2 readings.

LABORATORY ANALYSIS BY: S. Stoller
® . CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson

o Printed on Recycled Paper 3




FALLING HEAD TEST DATA

= JOB NAME:

JOB NUMBER:

SAMPLE NUMBER:

RING NUMBER:

DEPTH:

TYPE OF WATER USED:
SAMPLE X-SECTION AREA:
STANDPIPE X-SECTION AREA:

EMCON

89-1-060
SHC-22-68.0

P12

68.0 FT.

0.01N CaCl2 SOLUTION
24.63 (sq. cm)
0.709 (sq. cm)

SAMPLE LENGTH: 2.4 (cm)
DATE TIME DEL T  TEMP RESERVOIR SAMPLE K SAT K SAT @ 20 C
(1989) (DAY) (SEC) ( C) HEAD(CM) HEAD(CM) (CM/SEC) (CM/SEC)
TEST # 1:
7/12 1237.30 21.0 0.0 86.6
7/12 1459.54 8544 22.0 0.0 11.0 1.67€E-05 1.61E-05
TEST # 2:
7/13 1027.47 21.5 0.0 88.0
7/13 1227.02 7155  21.5 0.0 13.6 1.80E-05 1.74E-05
AVERAGE K SAT: 1.68E-05 (CM/SEC)
COMMENTS:
LABORATORY ANALYSIS BY: S. Stoller
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



FALLING HEAD TEST DATA

[ - JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-77.5
RING NUMBER: X&
DEPTH: 77.5 FT.
TYPE OF WATER USED: 0.01N CaCl2 SOLUTION
SAMPLE X-SECTION AREA: 29.22 (sg. cm)
PY STANDPIPE X-SECTION AREA: 0.709 (sq. cm)
SAMPLE LENGTH: 2.5 (cm)

DATE TIME DEL T  TEMP RESERVOIR SAMPLE K SAT K SAT @ 20 C
(1989)  (DAY) (SEC) ( C) HEAD(CM) HEAD(CM)  (CM/SEC) (CM/SEC)

TEST # 1:
o 7/12 1240.27 21.0 0.0 86.7
7/13 800.00 69573 21.0 0.0 5.0 2.49E-06 2.43E-06
TEST # 2:
7/13 1029.57 2155 0.0 87.5
7/13 1740.36 25835 22.0 0.0 26.0 2.85E-06 2.74E-06
L
AVERAGE K SAT: 2.58E-06 (CM/SEC)
COMMENTS:
®
LABORATORY ANALYSIS BY: S. Stoller
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
@
o
L 2
&

o Printed on Recycled Paper 3




Appendix C: MOISTURE CHARACTERISTICS



Summary of Moisture Characteristics

@
Pressure Head MoistureBContent
Sample No. (-cm of water) (% cm®/cm’)
i. SHC-5-79.5 0.0 54.64
| 43.5 41.41
102.0 37 73
195.5 34.99
509.9 30.01
1019.8 26.61
® 5099.0 25.49
SHC-9-30.5(a) 0.0 45.40
44.0 32.80
99.0 27.98
191.5 24 .78
PY 509.9 20.77
1019.8 18.92
5099.0 18.93
SHC-9-34.5(b) 0.0 50.67
1019.8 26.27
® 5099.0 23.02
15297.0 17.51
SHC-9-39.0(a) 0.0 45.50
1019.8 26.83
5099.0 22.49
PY 15297.0 18.70
SHC-9-49.5 0.0 56.62
1019.8 48.77
5099.0 44 .39
15297.0 41.24
®
SHC-9-59.5(a) 0.0 48.50
1019.8 33.01
5099.0 27 .47
15297.0 17.73
Py SHC-9-69.5(b) 0.0 55.37 ;
45.5 40.37
100.0 32.75
192.5 27.74
509.9 21.98
1019.8 19.95
® 5099.0 18.52
®

Printed on Recycled Paper {3



Summary -of Moisture Characteristics (Continued)

Pressure Head Moisture Content

Sample No. (-cm of water) (%(ﬂf/cmﬁ__
SHC-9-103.0(a) 0.0 50.71
1019.8 35.90
5099.0 29.39
15297.0 27 .17
SHC-22-23.5 0.0 48.35
41.5 25.60
94.0 18.22
186.0 15.16
509.9 12.18
1019.8 11.13
5099.0 10.12
SHC-22-52.5 " 0.0 44.51
' 1019.8 32.25
5099.0 26.43
15297.0 23.41
SHC-22-54.0 0.0 55.00
1019.8 43.61
5099.0 36.74
15297.0 28.95
SHC-22-59.0 0.0 50.26
1019.8 37.23
5099.0 31.03
15297.0 22.95
SHC-22-68.0 0.0 59.80
1019.8 35.68
5099.0 26.19
15297.0 18.64
SHC-22-77.5 0.0 53.41
1019.8 45.36
5099.0 36.93

15297.0 29.77



MOISTURE RETENTION DATA - HANGING COLUMN

(PORE SIZE DISTRIBUTION)

JOB NAME:

JOB NUMBER:
SAMPLE NUMBER:
RING NUMBER:
DEPTH:

SAMPLE VOLUME:

EMCON
89-L-060
SHC-5-79.5
P27
79.5 FT.

59.11 (cc)

SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 132.06 (g9)

TARE RING: 17.89 (9)

TARE CAP: 0.00 (g9)

DRY WEIGHT OF SAMPLE: 81.87 (g)

SATURATED MOISTURE CONTENT: 54.64 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 32.30 (cc)
DATE TIME SUCTION SAMPLE CHANGE CHANGES MOISTURE CONTENT(X VOL)
(1989) (CM) WT (G) WT (G) WT (G) DRYING WETTING
7/8 1515 0.0 132.06 e o= 54.64 0.00
7/23 1715 43.5 124.24 7.82 7.82 41.41 0.00
7/27 1600 102.0 122.06 2.18 10.00 37.73 0.00
7/31 1130 195.5 120.44 1.62 11.62 34.99 0.00
COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson

Printed on Recycled Paper ¢y



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-5-79.5
RING NUMBER: P27
DEPTH: 79.5 FfT.
SAMPLE VOLUME: 59.11 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 132.06 (9)

TARE RING: 17.89 (9)

TARE CAP: 0.00 (g9)

DRY WEIGHT OF SAMPLE: 81.87 (9)

SATURATED MOISTURE CONTENT: 54.64 (% vol)

INITIAL VOLUME OF WATER IN SAMPLE: 20.68 (cc)
WEIGHT FROM HANGING COLUMN, W/O CAP: 120.44 (g)
FINAL TENSION ON HANGING COLUMN: 195.5 (cm)

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
7/31 1200 0.0 120.44 . == &=
8/4 1310 0.5 117.50 2.94 2.94 30.01
8/9 1615 1.0 115.49 2.01 4.95 26.61
8/14 800 5.0 114.83 0.66 5.61 25.49
COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
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MOISTURE RETENTION DATA - HANGING COLUMN
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-30.5 (a)
RING NUMBER: P11
DEPTH: 30.5 FT.

SAMPLE VOLUME: 61.58 (cc)
SATURATED WEIGHT AT O CM TENSION
(WITH CAP AND RING): 150.04 (g)
TARE RING: 18.42 (g)
TARE CAP: 0.00 (g9)
DRY WEIGHT OF SAMPLE: 103.66 (g)
SATURATED MOISTURE CONTENT: 45.40 (X vol)
INITIAL VOLUME OF WATER IN SAMPLE: 27.96 (cc)
DATE TIME SUCTION  SAMPLE CHANGE CHANGES MOISTURE CONTENT(% VO
(1989) (CM) WT (G) WT (G) WT (G) DRYING  WETTING
7/8 1515 0.0 150.04 sis == 45.40 0.00
7/23 1715 44.0 142.28 7.76 7.76 32.80 0.00
7/27 1600 99.0 139.31 2.97 10.73 27.98 0.00
7/31 1130 191.5 137.34 1.97 12.70 24.78 0.00

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson



. MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE
(PORE SIZE DlSTRlBU'HON)
JOB NAME: EMCON
JOB NUMBER: 89-1L-060
SAMPLE NUMBER: SHC-9-30.5 (a)
. RING NUMBER: P11
DEPTH: 30.5 FT.
SAMPLE VOLUME: 61.58 (cc)
SATURATED WE1GHT AT O CM TENSION
(WITH CAP AND RING): 150.04 (9)
TARE RING: 18.42 (9)
TARE CAP: 0.00 (9)
’ DRY WEIGHT OF SAMPLE: 103.66 (9)
SATURATED MOISTURE CONTENT: 45.40 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 15.26 (cc)
WEIGHT FROM HANGING COLUMN, W/O CAP: 137.36 (9)
FINAL TENSION ON HANGING COLUMN: 191.5 (cm)
' DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE
(1988) (BAR) U/RlNG(G) wT (G) wT (G) CONTENT (% VvouL)
7/31 1200 0.0 137.34 -- -- s
g/6 1310 0.5 134.87 2.47 2.4 20.77
8/9 1615 1.0 133.73 1.14 3.61 18.92
8/14 800 5.0 133.74 -0.01 3.60 18.93
®
| COMMENTS:
LABORATORY ANALYSIS PERFORMED BY: W. strong
ALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
®
o

Printed on Recycled Paper
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MOISTURE RETENTJON DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-34.5 (b)
RING NUMBER: P21
DEPTH: 34.5 FT.

SAMPLE VOLUME: 59.11 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 144.13 (9)

TARE RING: 17.96 (9)

TARE CAP: 0.00 (g9)

DRY WEIGHT OF SAMPLE: 96.22 (9)

SATURATED MOISTURE CONTENT: 50.67 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 29.95 (cc)
DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) NT (G) WT (G) CONTENT (% VOL)
7/18 1000 0.0 144.13 == == -
7/23 1645 1.0 129.71 14.42 14.42 26.27
7/31 1000 5.0 127.79 1.92 16.34 23.02
8/7 1515 15.0 124.53 3.26 19.60 17.51

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson

Printed on Recycled Paper ¢y
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' MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-39.0 (a)
. RING NUMBER: X7
DEPTH: 39.0 FT.
SAMPLE VOLUME: 73.06 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 191.32 (g9)
TARE RING: 41.43 (9)
TARE CAP: 0.00 (g)
DRY WEIGHT OF SAMPLE: 116.65 (9)
. SATURATED MOISTURE CONTENT: 45.50 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 33.24 (cc)

DATE TIME PRESSURE WEIGHT  CHANGE  CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
o 7/18 1000 0.0 191.32 -- = =
7/23 1645 1.0 177.68 13.64 13.64 26.83
7/31 1000 5.0 174.51 3.17 16.81 22.49
8/7 1515 15.0 171.74 2.77 19.58 18.70
COMMENTS:
®
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
|
o
o
&
[ J

*® Printed on Recycled Paper 3
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Pressure Head vs. Moisture Content, Sample No. SHC-9—-39.0 (a)



MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-49.5
RING NUMBER: X5
DEPTH: 49.5 FT.
SAMPLE VOLUME: 73.06 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 178.35 (9)
TARE RING: 40.74 (9)
TARE CAP: 0.00 (9)
DRY WEIGHT OF SAMPLE: 96.24 (9)
SATURATED MOISTURE CONTENT: 56.62 (X vol)
INITIAL VOLUME OF WATER IN SAMPLE: 41.37 (cc)

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
7/18 1000 0.0 178.35 = S =0
7/23 1645 1.0 172.61 5.74 5.74 48.77
7/31 1000 5.0 169.41 3.20 8.94 44.39
8/7 1515 15.0 167.11 2.30 11.264 41.24

COMMENTS :

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson

Printed on Recycled Paper ¢y
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o MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-59.5 (a)

o RING NUMBER: P20
DEPTH: 59.5 FT.
SAMPLE VOLUME: 59.11 (cc)
SATURATED WEIGHT AT O CM TENSION
(WITH CAP AND RING): 144.65 (g)
TARE RING: 17.92 (9)
TARE CAP: 0.00 (g)
DRY WEIGHT OF SAMPLE: 98.06 (g)
o SATURATED MOISTURE CONTENT: 48.50 (X vol)
INITIAL VOLUME OF WATER IN SAMPLE: 28.67 (cc)

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
) 7/18 1000 0.0 144.65 -- - .-
7/23 1645 1.0 135.49 9.16 9.16 33.01
7/31 1000 5.0 132.22 3.27  12.43 27.47
| 8/7 1515 15.0  126.46 5.76  18.19 17.73
\
i COMMENTS:
@
| LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
®
o
o
[

® Printed on Recycled Paper 3




—

@

>

T T 71T

L ]
oo

—
o
(7]
T T TTTTT
el

LA | T
1

o

T TTTTTI
Lol

Pressure Head (— cm of water)
o

|
1

I S NS I N N NN NN N N TN N N N BN B O | L 11 1
10 30 50
Moisture Content (%, cm3/cm3)

Pressure Head vs. Moisture Content, Sample No. SHC—9-59.5 (a)



MOISTURE RETENTION DATA - HANGING COLUMN
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-69.5 (b)
RING NUMBER: X8
DEPTH: 69.5 FT.
SAMPLE VOLUME: 59.11 (ce)

SATURATED WEIGHT AT 0 CM TENSION
(WITH CAP AND RING):

TARE RING:

TARE CAP:

DRY WEIGHT OF SAMPLE:

SATURATED MOISTURE CONTENT:
INITIAL VOLUME OF WATER IN SAMPLE:

DATE TIME SUCTION SAMPLE  CHANGE

192.84 (9)
41.98 (9)
0.00 (9)

118.13 (9)
55.37 (% vol)
32.73 (cc)

CHANGES MOISTURE CONTENT(% VO

(1989) (CM) WT (G) MT (G) WT (&) DRYING WETTING
7/8 1515 0.0 192.84 == == 55.37 0.00
7/23 1715 45.5 183.97 8.87 8.87 40.37 0.00
7/27 1600 100.0 179.47 4.50 13.37 32.75 0.00
16.33 27.74 0.00

7/31 1130 192.5 176.51 2.96

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong

CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson

Printed on Recycled Paper 3
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MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-69.5 (b)
RING NUMBER: X8
DEPTH: 69.5 FT.

SAMPLE VOLUME: 59.11 (cc)
SATURATED WEIGHT AT O CM TENSION
(WITH CAP AND RING): 192.84 (9)
TARE RING: 41.98 (9)
TARE CAP: 0.00 (g)
DRY WEIGHT OF SAMPLE: 118.13 (9)
SATURATED MOISTURE CONTENT: 55.37 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 16.40 (cc)
WEIGHT FROM HANGING COLUMN, W/O CAP: 176.51 (9)
FINAL TENSION ON HANGING COLUMN: 192.5 (cm)

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
7/31 1200 0.0 176.51 == == -
8/4 1310 0.5 173.10 3.4 3.4 21.98
8/9 1615 1.0 171.90 1.20 4.61 19.95
- 8/14 800 5.0 171.06 0.84 5.45 18.52
COMMENTS :

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
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MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-9-103 (a)
RING NUMBER: X1
DEPTH: 103.0 FT.
SAMPLE VOLUME: 73.06 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 184.16 (g)
TARE RING: 40.66 (g9)
TARE CAP: 0.00 (g9)
DRY WEIGHT OF SAMPLE: 106.45 (g)
SATURATED MOISTURE CONTENT: 50.71 (X vol)
INITIAL VOLUME OF WATER IN SAMPLE: 37.05 (cc)

DATE  TIME PRESSURE WEIGHT  CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
7/18 1000 0.0 184.16 == -- --
7/23 1645 1.0 173.34 10.82 10.82 35.90
7/31 1000 5.0 168.58 4.76 15.58 29.39
8/7 1515 15.0 166.96 1.62 17.20 27.17

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
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MOISTURE RETENTION DATA - HANGING COLUMN
(PORE SIZE -DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-23.5
RING NUMBER: P23
DEPTH: 23.5 FT.

SAMPLE VOLUME: 59.11 (cc)
SATURATED WEIGHT AT O CM TENSION
(WITH CAP AND RING): 140.88 (g)
TARE RING: 18.05 (g9)
TARE CAP: 0.00 (g9)
DRY WEIGHT OF SAMPLE: 94.25 (9)
SATURATED MOISTURE CONTENT: 48.35 (X vol)
INITIAL VOLUME OF WATER IN SAMPLE: 28.58 (cc)
DATE TIME SUCTION  SAMPLE  CHANGE CHANGES MOISTURE CONTENT(% VOL)
(1989) (CM) WT (G) WT (G) WT (G) DRYING  WETTING
7/8 1515 0.0 140.88 s -- 48.35 0.00
7/23 1715 41.5 127.43 13.45 13.45 25.60 0.00
7/27 1600 94.0 123.07 4.36 17.81 18.22 0.00
86.0 121.26 1.81 19.62 15.16 0.00

7/31 1130 1
COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson



® MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-23.5
o RING NUMBER: P23
DEPTH: 23.5 FT.
SAMPLE VOLUME:  59.11 (cc)
SATURATED WEIGHT AT O CM TENSION

(MITH CAP AND RING): 140.88 (9)

TARE RING: 18.05 (g)

TARE CAP: 0.00 (9)
@ DRY WEIGHT OF SAMPLE: 94.25 (9)
| SATURATED MOISTURE CONTENT: 48.35 (% vol)
| INITIAL VOLUME OF WATER IN SAMPLE: 8.96 (cc)
| WEIGHT FROM HANGING COLUMN, W/0 CAP: 121.26 (9)
| FINAL TENSION ON HANGING COLUMN: 186.0 (cm)
:
. i - .5 s T act o im0t~ DT

DATE TIME PRESSURE WEIGHT  CHANGE  CHANGES MOISTURE

e (1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
7/31 1200 0.0 121.26 == e e
8/4 1310 0.5 119.50 1.76 1.76 12.18
8/9 1615 1.0 118.88 0.62 2.38 11.13
8/14 800 5.0 118.28 0.60 2.98 10.12
®
COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson

e Printed on Recycled Paper 3




Moisture Content (%, cm3/cm3)

Pressure Head vs. Moisture Content, Sample No. SHC—22-23.5
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® MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
| SAMPLE NUMBER: SHC-22-52.5
f. RING NUMBER: X6
| DEPTH: 52.5 FT.
| SAMPLE VOLUME: 73.06 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 193.33 (9)
| TARE RING: 40.73 (9)
| TARE CAP: 0.00 (g)
| DRY WEIGHT OF SAMPLE: 120.08 (g)
L SATURATED MOISTURE CONTENT: 44.51 (% vol)
! INITIAL VOLUME OF WATER IN SAMPLE: 32.52 (cc)

DATE TIME PRESSURE WEIGHT  CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
[ ) 7/18 1000 0.0 193.33 - == =i
7/23 1645 1.0 184.37 8.96 8.96 32.25
7/31 1000 5.0 180.12 4.25 13.21 26.43
8/7 1515 15.0 177.91 2.21 15.42 23.41
COMMENTS:
e
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
®
o
®
®

o Printed on Recycled Paper 3
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[ ] MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-54.0
) RING NUMBER: X3
DEPTH: 54.0 FT.
SAMPLE VOLUME: 73.06 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 178.37 (9)
TARE RING: 41.17 (9)
TARE CAP: 0.00 (9)
DRY WEIGHT OF SAMPLE: 97.02 (9)
® SATURATED MOISTURE CONTENT: 55.00 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 40.18 (cc)

DATE TIME PRESSURE WEIGHT CHANGE  CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
@ 7/18 1000 0.0 178.37 =i == =5
7/23 1645 1.0 170.05 8.32 8.32 43.61
7/31 1000 5.0 165.03 5.02 13.34 36.74
8/7 1515 15.0 159.34 5.69 19.03 28.95
COMMENTS:
L
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
L
o
o
®
® Printed on Recycled Paper y
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Pressure Head vs. Moisture Content, Sample No. SHC—22-54.0



® MOISTURE RETENTION DATA - PRESSURE MEMBRANE
| (PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-59.0
RING NUMBER: X2

o DEPTH: 59.0 FT.
SAMPLE VOLUME: 73.06 (cc)
SATURATED WEIGHT AT O CM TENSION
(WITH CAP AND RING): 186.51 (9)
TARE RING: 41.32 (9)
TARE CAP: 0.00 (g9)
DRY WEIGHT OF SAMPLE: 108.47 (9)
PY SATURATED MOISTURE CONTENT: 50.26 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 36.72 (cc)

DATE TIME PRESSURE WEIGHT  CHANGE  CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
7/18 1000 0.0 186.51 sis i e
@ 7/23 1645 1.0 176.99 9.52 9.52 37.23
7/31 1000 5.0 172.46 4.53 14.05 31.03
8/7 1515 15.0 166.56 5.90 19.95 22.95
COMMENTS:
® LABORATORY ANALYSIS PERFORMED BY: W. Strong

CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson

o Printed on Recycled Paper 3
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[ ) MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-68.0
RING NUMBER: P12
. DEPTH: 68.0 FT.
SAMPLE VOLUME: 59.11 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 141.55 (9)
TARE RING: 18.36 (g9)
TARE CAP: 0.00 (g)
DRY WEIGHT OF SAMPLE: 87.84 (9)
o SATURATED MOISTURE CONTENT: 59.80 (% vol)
INITIAL VOLUME OF WATER IN SAMPLE: 35.35 (cc)

......................................................................

DATE TIME PRESSURE WEIGHT  CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
® 7/18 1000 0.0 141.55 -- -- se
7/23 1645 1.0 127.29 14.26 14.26 35.68
7/31 1000 5.0 121.68 5.61 19.87 26.19
8/7 1515, 15.0 117.22 4.46 26.33 18.64
COMMENTS:
]
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
o
o
@
®

o Printed on Recycled Paper
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[ ) MOISTURE RETENTION DATA - PRESSURE MEMBRANE
(PORE SIZE DISTRIBUTION)

JOB NAME: EMCON
JOB NUMBER: 89-L-060
SAMPLE NUMBER: SHC-22-77.5
® RING NUMBER: X4
DEPTH: 77.5 FT.
SAMPLE VOLUME: 73.06 (cc)
SATURATED WEIGHT AT O CM TENSION

(WITH CAP AND RING): 186.23 (9)
TARE RING: 42.03 (9)
TARE CAP: 0.00 (g9)
DRY WEIGHT OF SAMPLE: 105.18 (9)
® SATURATED MOISTURE CONTENT: 53.41 (X vol)
INITIAL VOLUME OF WATER IN SAMPLE: 39.02 (cc)

DATE TIME PRESSURE WEIGHT  CHANGE CHANGES MOISTURE

(1988) (BAR) W/RING(G) WT (G) WT (G) CONTENT (% VOL)
Y 7/18 1000 0.0 186.23 - -- ==
7/23 1645 1.0 180.35 5.88 5.88 45.36
7/31 1000 5.0 174.19 6.16 12.04 36.93
8/7 1515 15.0 168.96 5.23 17.27 29.77
COMMENTS:
®
LABORATORY ANALYSIS PERFORMED BY: W. Strong
CALCULATION MADE BY: L. Simpson
CHECKED BY: E. Mattson
L
o
@
o

® Printed on Recycled Paper ¢y
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Appendix D: PARTICLE SIZE DISTRIBUTION




® Summary of Particle Size Characteristics
djo dso deo Cy C.
Sample No. (mm) (mm) (mm)
SHC-5~79.5 * 0.22 0.34 == ==
®
SHC-9-30.5(a) 0.13 0.80 1.10 8.46 0.0
SHC-9-34.5(b) 0.011 0.30 0.38 34.55 4.04
SHC-9-39.0(a) 0.02 0.20 0.36 18.00 0.93
SHC-9-49.5 * 0.0054 0.012 == T
SHC-9-59.5(a) 0.0152 0.26 0.38 25.00 1.40
@ SHC-9-69.5(b) 0.08 0.38 0.51 6.38 1.19
SHC-9-103.0(a) * 0.018 0. 027 - --
SHC~-22-23.:5 0.15 0.73 1.00 6.67 0.96
SHE=22-52.5 0.0044 0.07 0.08 18.18 1.92
SHC-22-54.0 * 0.01 0.17 e -
® SHC-22-59.0 0.0022 0.029 0.037 16.82 L.l 7
SHC-22-68.0 0.003 0.03 0.04 13.33 1.88
SHC-22-77.5 * 0.018 0.024 — ==

* diameter was not reached with test(s) specified
® - values are dependent on diameters that were not reached

® Printed on Recycled Paper




SIEVE ANALYSIS DATA

JOB NUMBER: 89-L-060
TEST DATE: 8/2/89

JOB NAME: EMCON

SAMPLE NUMBER: SHC-5-79.5

DEPTH: 79.5 FT.

TOTAL SAMPLE WEIGHT (WET): 116.63 (g)
TOTAL SAMPLE WEIGHT (DRY): 116.63 (g)
WATER WEIGHT: 0.00 (g)
CONTAINER WEIGHT: 0.00 (g)
TOTAL WEIGHT OF SAMPLE: 116.63 (g)
SIEVE DIAMETER WT. CUM WT. WT. X PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED PASSING
3/8% 9.525 1.89 1.89 114.74 98.38 0.979
4 4.750 1.53 3.42 113.21 97.07 0.677
6 3.350 2.50 5.92 110.71 94.92 0.525
10 2.000 2.46 8.38 108.25 92.81 0.301
16 1.180 6.66 15.04 101.59 87.10 0.072
40 0.425 24.80 39.84 76.79 65.84 -0.372
70 0.212 19.33 59.17 57.46 49.27 -0.674
140 0.106 15.53 74.70 41.93 35.95 -0.975
200 0.075 8.92 83.62 33.01 28.30 -1.125
pan 33.87 117.49 -0.86
d10: == (mm) d50: 0.22 (mm)
d1é6: == (mm) dso0: 0.34 (mm)
d30: 0.081 (mm) dsé: 1.00 (mm)
MEDIAN PARTICLE DIAMETER (d50): 0.22

UNIFORMITY COEFFICIENT, Cu (dé0/d10):
COEFFICIENT OF CURVATURE, Cc,

[(d30)**2/(d10*d60)] :
DIAMETER, [(d16+d50+d84)/3]:

MEAN PARTICLE

COMMENTS: d(16) was not reached with sieve analysis.

LABORATORY ANALYSIS PERFORMED BY:
CALCULATIONS MADE BY:

CHECKED BY:

L. Simpson
S. Stoller
E. Mattson



U.S. STANDARD SIEVE OPENING IN INCHES  U.S. STANDARD SIEVE NUMBERS HYDROMETER
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SIEVE ANALYSIS DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
TEST DATE: 8/2/89
SAMPLE NUMBER: SHC-9-30.5 (a)
DEPTH: 30.5 FT.
TOTAL SAMPLE WEIGHT (WET): 116.83 (g)
TOTAL SAMPLE WEIGHT (DRY): 116.83 (g)
WATER WEIGHT: 0.00 (g)
CONTAINER WEIGHT: 0.00 (9)
TOTAL WEIGHT OF SAMPLE: 116.83 (g)

SIEVE  DIAMETER  WI.  CUM WT. WT. % PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED  PASSING
3/8" 9.525  11.34  11.34  105.49 90.29 0.979
4 4.750 5.29  16.63  100.20 85.77 0.677
6 3.350 7.07  23.70 93.13 79.71 0.525
10 2.000 9.33  33.03 83.80 n.m 0.301
16 1.180  12.19  45.22 71.61 61.29 0.072
40 0.425  34.13  79.35 37.48 32.08 -0.372
70 0.212  21.35 100.70 16.13 13.81 -0.674
140 0.106 6.78  107.48 9.35 8.00 -0.975
200 0.075 2.50  109.98 6.85 5.86 -1.125
pan 7.33  117.31 -0.48
d10: 0.13 (mm) d50: 0.80 (mm)
d16: 0.22 (mm) d60: 1.10 (mm)
d30: 0.04 (mm) d8s: 4.60 (mm)
MEDIAN PARTICLE DIAMETER (dS0): 0.80
UNIFORMITY COEFFICIENT, Cu (d60/d10): 8.46
COEFFICIENT OF CURVATURE, Cc,
[(d30)**2/(d10*d60)] : 0.01
MEAN PARTICLE DIAMETER, [(d16+d50+d84)/3]: 1.87

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS HYDROMETER
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SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-9-30.5(a) 30.5 f¢ Sand




SIEVE ANALYSIS DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
TEST DATE: 8/2/89
SAMPLE NUMBER: SHC-9-34.5 (b)

DEPTH: 34.5 FT.
TOTAL SAMPLE WEIGHT (WET): 159.53 (g)
TOTAL SAMPLE WEIGHT (DRY): 159.53 (g)
WATER WEIGHT: 0.00 (g)
CONTAINER WEIGHT: 0.00 (g)
TOTAL WEIGHT OF SAMPLE: 159.53 (g)

SIEVE DIAMETER WT. CUM WT. WT. X PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED  PASSING
3/8" 9.53 0.00 0.00 159.53 100.00 0.979
4 4.750 0.00 0.00 159.53 100.00 0.677
6 3.350 0.00 0.00 159.53 100.00 0.525
10.00 2.000 1.93 1.93 157.60 98.79 0.301
16.00 1.180 13.41 15.34 144 .19 90.38 0.072
40.00 0.425 41.52 56.86 102.67 64.36 -0.372
70.00 0.212 41.74 98.60 60.93 38.19 -0.674
140.00 - 0.106 20.21 118.81 40.72 25.52 -0.975
200.00 0.075 8.44 127.25 32.28 20.23 -1.125
pan 31.89 159.14 0.39
d10: 0.011 (mm) d50: 0.30 (mm)
d1é: 0.031 (mm) déo: 0.38 (mm)
d30: 0.130 (mm) d8s: 0.95 (mm)
MEDIAN PARTICLE DIAMETER (d50): 0.30

UNIFORMITY COEFFICIENT, Cu (d60/d10): 34.55
COEFFICIENT OF CURVATURE, Cc,

[(d30)**2/(d10*d60)] : 4.04

MEAN PARTICLE DIAMETER, [(d16+d50+d84)/31: 0.43

COMMENTS:
LABORATORY ANALYSIS PERFORMED BY: L. Simpson

CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



[ 2
HYDROMETER DATA
JOB NAME: EMCON TEST DATE: 8/10/89
. JOB NUMBER: 89-L-060 DEPTH: 34.5 FT.
SAMPLE NUMBER: SHC-9-34.5 (b) INITIAL WT: 31.23 (g9)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 159.53 (g9)
REACTION WITH H202: NONE START TIME: 8:43:00
DISPERSANT: (NaP03)6é
DATE TIME TEMP R RL Rcorr L D P %FINER
® (1989) (MIN)  (C) (g/L) (g/l) (g/L) (CM) (MM) (%)
8/10 0.25 21.0 33.5 3.0 30.5 10.8 0.08896 ©97.66250 19.11866
0.50 21.0 32.0 3.0 29.0 11.1 0.06362 92.85943 18.17840
1.00 21.0 31.5 3.0 28.5 11.1 0.04515 91.25841 17.86498
2.00 21.0 29.0 3.0 "~ 26.0 1155 0.03251 83.25328 16.29788
5.00 21.0 24.5 3.0 21.5 12.3 0.02121 68.84406 13.47709
o 10.00 21.0 21.5 3.0 18.5 12.8 0.01529 59.23791 11.59656
20.00 21.0 18.5 3.0 15.5 133 0.01102 49.63176 9.71604
60.00 21.0 14.0 3.0 11.0 1.0 0.00654 35.22254 6.89525
120.00 21.0 12.0 3.0 9.0 14.3 0.00468 28.81844  5.64157
240.00 21.0 11.0 3.0 8.0 14.5 0.00333 25.61639 5.01473
| 473.00 22.0 10.0 3.0 7.0 14.7 0.00235 22.41435  4.38789
| 704.00 22.0 9.0 3.0 6.0 14.8 0.00194 19.21230 3.76105
‘. 8/1 1426.00 21.0 8.0 3.0 5.0 15.0 0.00139 16.01025 3.13421
LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
o
o
L
o

® Printed on Recycled Paper 3




U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS HYDROMETER
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
COARSE | FINE COARSE 1 MED, | FINE

~ USDA PARTICLE SIZE LIMIT CLASSIFICATION

PERCENT COARSER BY WEIGHT

8= 26,73 |dw= 0,011 dso=_ 0,30 do= 0.38 [ Cu= 34.55 [ Ce- 4.04
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-9-34.5(b) 34.5 ft. Toamy sand




[ 3 SIEVE ANALYSIS -DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
TEST DATE: 8/2/89
SAMPLE NUMBER: SHC-9-39.0 (a)
& DEPTH: 39.0 FT. |
TOTAL SAMPLE WEIGHT (WET): 153.92 (g) |
TOTAL SAMPLE WEIGHT (DRY): 153.92 (g) |
WATER WEIGHT:  0.00 (g)
CONTAINER WEIGHT:  0.00 (g)
TOTAL WEIGHT OF SAMPLE: 153.92 (g)

. SIEVE DIAMETER WT. CUM WT. WT. % PASSING LOG DIAMETER
: NUMBER (mm) RETAINED RETAINED PASSING
‘ 4 4.750 0.00 0.00  153.92  100.00 0.677
| 6 3.350 0.1 0.11  153.81 99.93 0.525
10 2.000 4.85 4.96  148.96 96.78 0.301
16 1.180  13.23  18.19  135.73 88.18 0.072
40 0.425  37.62  55.81 98.11 63.74 -0.372
70 0.212  17.83  T73.64 80.28 52.16 -0.674
140 0.106  20.97  94.61 59.31 38.53 -0.975
200 0.075  16.82 111.43 42.49 27.61 -1.125
pan 42.27 153.70 0.22
d10: 0.020 (mm) ds0: 0.20 (mm)
d16: 0.040 (mm) d60: 0.36 (mm)
[ ) d30: 0.082 (mm) d84: 0.98 (mm)
MEDIAN PARTICLE DIAMETER (dS0): 0.20
UNIFORMITY COEFFICIENT, Cu (d60/d10):  18.00
COEFFICIENT OF CURVATURE, Cc,
[(d30)**2/(d10*d60)] : 0.93
MEAN PARTICLE DIAMETER, ([(d16+d50+d84)/3]: 0.41
. COMMENTS:
LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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HYDROMETER DATA

JOB NAME: EMCON TEST DATE: 8/10/89
JOB NUMBER: 89-L-060 DEPTH: 39.0 FT.
SAMPLE NUMBER: SHC-9-39.0 (a) INITIAL WT: 41.56 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 153.92 (g)
REACTION WITH H202: NONE START TIME: 8:28:00
DISPERSANT: (NaP03)6
DATE TIME TEMP R RL Recorr L D P XFINER
(1989) (MIN) CC) (g/l) (g/l) (g/l) (CM) (MM) (%)
8/10 0.25 21.0 37.0 3.0 34.0 10.2 0.08657 81.80943 22.08940
0.50 21.0 36.0 3.0 33.0 10.4 0.06170 79.40327 21.43971
1.00 21.0 32.0 3.0 29.0 1.1 0.04498 69.77863 18.84096
2.00 21.0 26.5 3.0 23.5 12.0 0.03308 56.54475 15.26767
5.00 21.0 20.5 3.0 17.5 12.9 0.02177 42.10780 11.36954
10.00 21.0 16.5 3.0 13.5 13.6 0.01578 32.48316 8.77079
21.00 21.0 14.0 3.0 11.0 14.0 0.01105 26.46776 7.14657
60.00 21.0 11.5 3.0 8.5 14.4 0.00663 20.45236 5.52235
121.00 21.0 10.0 3.0 7.0 14.7 0.00471 16.84312 4.54782
260.00 21.0 9.0 3.0 6.0 14.8 0.00336 14.43696 3.89813
487.00 22.0 8.0 3.0 5.0 15.0 0.00235 12.03080 3.24844
718.00 22.0 8.0 3.0 5.0 15.0 0.00193 12.03080 3.24844
8/1 1440.00 21.0 7.5 3.0 4.5 15.1 0.00138 10.82772 2.92360
LABORATORY ANALYSIS PERFORMED BY: M. Burkhard
CALCULATIONS MADE BY: M. Burkhard
CHECKED BY: E. Mattson
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U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS HYDROMETER
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
COARSE ] FINE [ COARSE T MED. T FiNE
- USDA PARTICLE SIZE LIMIT CLASSIFICATION
6= 31.39 |dw= 0.02 dso= 0. 20 deo= 0,36 [cu= 18,00 _[Ce= g.93
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)

SHC-9-39.0(a) 39 .0 ft loamy sand




SIEVE ANALYSIS DATA

JOB NAME: EMCON

JOB NUMBER: 89-L-060

TEST DATE: 8/22/89
SAMPLE NUMBER: SHC-9-49.5

DEPTH: 49.5 FT.
TOTAL SAMPLE WEIGHT (WET): 52.86 (g)
TOTAL SAMPLE WEIGHT (DRY): 52.86 (9)
WATER WEIGHT: 0.00 (9)
CONTAINER WEIGHT: 0.00 (g)
TOTAL WEIGHT OF SAMPLE: 52.86 (g)

SIEVE DIAMETER WT. CUM WT. WT. % PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED  PASSING
3/8% 9.525 0.00 0.00 52.86 100.00 0.979
4 4.750 0.00 0.00 52.86 100.00 0.677
6 3.350 0.00 0.00 52.86 100.00 0.525
10 2.000 0.02 0.02 52.84 99.96 0.301
16 1.180 1.21 1.23 51.63 97.67 0.072
40 0.425 4.16 5.39 47.47 89.80 -0.372
70 0.212 1.92 7.31 45.55 86.17 -0.674
140 0.106 1.63 8.94 43.92 83.09 -0.975
200 0.075 0.77 9.7 43.15 81.63 -1.125
pan 43.20 52.91 -0.05
d10: == (mm) d50: 0.0054 (mm)
di16: == (mm) dé0: 0.012 (mm)
d30: 0.0022 (mm) d8s4: 0.20 (mm)

MEDIAN PARTICLE DIAMETER (dS0):  0.0054

UNIFORMITY COEFFICIENT, Cu (d60/d10): =
COEFFICIENT OF CURVATURE, Cc,

[(d30)**2/(d10*d60)] : e

MEAN PARTICLE DIAMETER, [(d16+d50+d84)/3]: sis)

COMMENTS: d16 was not reached during hydrometer analysis.
LABORATORY ANALYSIS PERFORMED BY: S. Stoller

CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



HYDROMETER DATA

JOB NAME: EMCON TEST DATE: 8/3/89
JOB NUMBER: 89-L-060 DEPTH: 49.5 FT.
SAMPLE NUMBER: SHC-9-49.5 INITIAL WT: 52.86 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 52.86 (g9)
REACTION WITH H202: MILD START TIME: 11:18:00
DISPERSANT: (NaP03)6é
DATE TIME  TEMP R Rl Rcorr  ls D P %FINER
(1989) (MIN) C(C) (g/L) (g/l) (g/L) (CM) (MM) (%)
8/3 0.25 21:0" 41.5 1.5 40.0 9.5 0.08339 75.67159 75.67159
0.50 21.0 40.0 1.5 38.5 9.7 0.05972 72.83390 72.83390
1.00 21.0 39.0 1°5% -37-5 9.9 0.04259 70.94211 70.94211
2.00 21.0 37.5 1.5 36.0 10.2 0.03048 68.10443 68.10443
5.00 21.0 35.5 1.5 34.0 10.5 0.01959 64.32085 64.32085
10.00 21.0 34.0 15 32.5 10.7 0.01401 61.48316 61.48316
20.00 21.0 32.0 1.5 30.5 111 0.01006 57.69958 57.69958
60.00 21.0 29.0 1.5+ 27.5 11.5 0.00594 52.02421 52.02421
120.00 21.0 25.0 1.5 . -23.5 12.2 0.00431 44.45706 44.45706
206.00 21.0 23.0 2.0 21.0 12.5 0.00334 39.72758 39.72758
477.00 21.0 18.5 2.0 16.5 13.3 0.00226 31.21453 31.21453
8/6 12642.00 21.0 16.5 1.5 15.0 13.6 0.00142 28.37684 28.37684
LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS HYDROMETER
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
COARSE T FINE | COARSE [ MED, | FINE
- USDA PARTICLE SIZE LIMIT CLASSIFICATION
8= 45,00 | dw=_x dso= 0,0054 |de= 0,012 [Cuz __ [Ce= __
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-9-49 .5 49.5 ft Clay loam




SIEVE ANALYSIS DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
| TEST DATE: 8/9/89
’ SAMPLE NUMBER: SHC-9-59.5 (a)
® DEPTH: 59.5 FT.
} TOTAL SAMPLE WEIGHT (WET): 164.25 (g)
| TOTAL SAMPLE WEIGHT (DRY): 164.25 (g)
| WATER WEIGHT:  0.00 (g)
\ CONTAINER WEIGHT: 0.00 (g)
TOTAL WEIGHT OF SAMPLE: 164.25 (g)

. ........................................................................
SIEVE DIAMETER WT. CUM WT. WT. % PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED  PASSING
3/8n 9.525 3.33 3.33  160.92 97.97 0.979
4 4.750 0.00 3.33  160.92 97.97 0.677
6 3.350 0.12 3.45  160.80 97.90 0.525
® 10 2.000 0.04 3.49  160.76 97.88 0.301
- 16 1.180 2.98 6.47  157.78 96.06 0.072
40 0.425  53.12  59.59  104.66 63.72 -0.372
70 . 0.212  28.27  87.86 76.39 46.51 -0.674
140 0.106  19.50 107.36 56.89 34.64 -0.975
200 0.075  11.84 119.20 45.05 27.43 -1.125
pan 44.49  163.69 0.56
e d10: 0.0152 (mm) ds50: 0.26 (mm)
d16: 0.032 (mm) dé0: 0.38 (mm)
d30: 0.09 (mm) d84: 0.8 (mm)
MEDIAN PARTICLE DIAMETER (d50): 0.26
UNIFORMITY COEFFICIENT, Cu (d60/d10):  25.00
COEFFICIENT OF CURVATURE, Cc,
e [(d30)**2/(d10*d60)] : 1.40
2 MEAN PARTICLE DIAMETER, [(d16+d50+d84)/3]: 0.36
COMMENTS:
LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
[ ) CHECKED BY: E. Mattson
@
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HYDROMETER DATA

JOB NAME: EMCON TEST DATE: 8/10/89
JOB NUMBER: 89-L-060 DEPTH: 59.5 FT.
SAMPLE NUMBER: SHC-9-59.5 (a) INITIAL WT: 48.08 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 164.25 (g)
REACTION WITH H202: VERY MILD START TIME: 8:22:00

DISPERSANT: (NaP03)6

DATE TIME  TEMP R RL Reorr L D P XFINER
(1989) (MIN) € C) (g/l) (g/l) (g/l)  (CM) (MM) (%)
8/10 0.25 21.0 40.5 3.0 37.5 9.7 0.08411 77.99501 22.83105
0.50 21.0 39.0 3.0 36.0 9.9 0.06023 74.87521 21.91781
1.00 21.0 35.0 3.0 32.0 10.6 0.04397 66.55574 19.48250
2.00 21.0 30.0 3.0 27.0 11.4 0.03228 56.15641 16.43836
5.00 21.0 24.0 3.0 21.0 12.4 0.02128 43.67720 12.78539
10.00 21.0 20.5 3.0 17.5 12.9 0.01539 36.39767 10.65449
20.00 21.0 17.0 3.0 14.0 13.5 0.01112 29.11814  8.52359
60.00 21.0 13.0 3.0 10.0 14.2 0.00657 20.79867 6.08828
121.00 21.0 11.5 3.0 8.5 14.4 0.00467 17.67887 5.17504
260.00 21.0 10.0 3.0 7.0 14.7 0.00334 14.55907 4.26180
492.00 22.0 9.0 3.0 6.0 14.8 0.00232 12.47920 3.65297
722.00 22.0 8.0 3.0 5.0 15.0 0.00193 10.39933  3.04414
8/11  1443.00 21.0 7.5 3.0 4.5 15.1 0.00138 9.35940 2.73973

LABORATORY ANALYSIS PERFORMED BY: M. BURKHARD
CALCULATIONS MADE BY: M. BURKHARD
CHECKED BY: E. Mattson
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
COARSE ] EINE | COARSE T MED, T FiNE
- USDA PARTICLE SIZE LIMIT CLASSIFICATION
&= 31.37 |dw= 0,052 [dw= 0. 26 do= 0,38 [Cu= 25.00 [Ce= 1.40
SAMPLE NUMBER DEPTH. CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-9-59.5(a) 59.5 ft. loamy sand




SIEVE ANALYS I—S DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060
TEST DATE: 8/2/89
SAMPLE NUMBER: SHC-9-69.5 (b)
DEPTH: 69.5 FT.
TOTAL SAMPLE WEIGHT (WET): 108.41 (g9)
TOTAL SAMPLE WEIGHT (DRY): 108.41 (g9)
WATER WEIGHT: 0.00 (g)
CONTAINER WEIGHT: 0.00 (g)
TOTAL WEIGHT OF SAMPLE: 108.41 (9)

SIEVE DIAMETER WT. CuM WT. WT. X PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED  PASSING
3/8n 9.525 10.18 10.18 98.23 90.61 0.979
4 4.750 0.70 10.88 97.53 89.96 0.677
6 3.350 1.71 12.59 95.82 88.39 0.525
10 2.000 1.42 14.01 94.40 87.08 0.301
16 1.180 5.15 19.16 89.25 82.33 0.072
40 0.425 29.65 48.81 59.60 54.98 -0.372
70 0.212 29.48 78.29 30.12 27.78 -0.674
140 0.106 15.48 93.77 14.64 13.50 -0.975
200 0.075 5.02 98.79 9.62 8.87 -1.125
pan 10.57 109.36 -0.95
d10: 0.08 (mm) d50: 0.38 (mm)
d1é6: 0.12 (mm) déo: 0.51 (mm)
d30: 0.22 (mm) d8s4: 1.50 (mm)
MEDIAN PARTICLE DIAMETER (dS0): 0.38
UNIFORMITY COEFFICIENT, Cu (dé0/d10): 6.38
COEFFICIENT OF CURVATURE, Cc,
[(d30)**2/(d10*d60)] : 1.19
MEAN PARTICLE DIAMETER, [(d16+d50+d84)/3]: 0.67

COMMENTS :

LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
QARSE 1 FINE COARSE IM
- USDA PARTICLE SIZE LIMIT CLASSIFICATION
8= 20.97 |dwo= 0.08 dso=_ 0.38 deo= 0.51 [c.z 6.38 [cc= 1.19
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-9-69.5(b) 69.5 ft, Sand




HYDROMETER DATA

JOB NAME: EMCON TEST DATE: 8/3/89
JOB NUMBER: 89-L-060 DEPTH: 103.0 FT.
SAMPLE NUMBER: SHC-9-103.0 (a) INITIAL WT: 49.94 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 49.94 (g)
REACTION WITH H202: MILD START TIME: 10:17:30
DISPERSANT: (NaP03)6
DATE TIME  TEMP R RL Rcorr L D P XFINER
(1989) (MIN)  CC) (g/L) (g/L) (g/L) (CM) (MM) (%)
8/3 0.25 21.0 43.5 1.5 42.0 9.2 0.08194 84.10092 84.10092
0.50 21.0 40.0 1.5 38.5 9.7 0.05972 77.09251 77.09251
1.00 21.0 37.5 1.5 36.0 10.2 0.04311 72.08650 72.08650
2.00 21.0 34.0 1.5 32.5 10.7 0.03133 45.07809 65.07809
5.00 21.0 28.0 1.5 26.5 11.7 0.02071 53.06368 53.06368
10.00 21.0 24.0 1.5 22.5 12.4 0.01505 45.05406 45.05406
20.00 21.0 20.5 1.5 19.0 12.9 0.01088 38.04565 38.04565
60.00 21.0 17.0 1.5 15.5 13.5 0.00642 31.03724 31.03724
120.00 21.0 15.0 1.5 13.5 13.8 0.00460 27.03244 27.03244
261.00 21.0 12.0 2.0 10.0 14.3 0.00317 20.02403 20.02403
532.50 21.0 9.5 2.0 7.5 16.7 0.00225 15.01802 15.01802
8/4 1297.50 21.0 9.0 1.5 7.5 14.8 0.00145 15.01802 15.01802
LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
COAR§§ 1 FINE QQABSE I EEQ. I EINE
USDA PARTICLE SIZE LIMIT CLASSIFICATION
8i= 38,38 | dwo= * dso= 0,018 do= 0,027 |Cuz —- [ ca=k -
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-9-103.0(a) 103 ft,. Silt loam




SIEVE ANALYSIS DATA

JOB NAME: EMCON
JOB NUMBER: 89-L-060

TEST DATE: 8/2/89
SAMPLE NUMBER: SHC-22-23.5
DEPTH: 23.5 FT.
TOTAL SAMPLE WEIGHT (WET): 117.10 (g)
TOTAL SAMPLE WEIGHT (DRY): 117.10 (g)
WATER WEIGHT: 0.00 (9)
CONTAINER WEIGHT: 0.00 (9)
TOTAL WEIGHT OF SAMPLE: 117.10 (g)
SIEVE DIAMETER WT. CUM WT. WT. X PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED PASSING
3/8" 9.525 2.60 2.60 114.50 97.78 0.979
4 4.750 7.43 10.03 107.07 91.43 0.677
6 3.350 6.30 16.33 100.77 86.05 0.525
10 2.000 8.86 25.19 91.91 78.49 0.301
16 1.180 15.56 40.75 76.35 65.20 0.072
40 0.425 37.55 78.30 38.80 33.13 -0.372
70 0.212 22.33 100.63 16.47 14.06 -0.674
140 0.106 10.08 110.71 6.39 5.46 -0.975
200 0.075 2.31  113.02 4.08 3.48 -1.125
pan 3.72  116.74 0.36
d10: 0.15 (mm) d50: 0.73 (mm)
dié: 0.22 (mm) dé0: 1.00 (mm)
d30: 0.38 (mm) d8s: 3.20 (mm)
MEDIAN PARTICLE DIAMETER (d50): 0.73
UNIFORMITY COEFFICIENT, Cu (dé0/d10): 6.67
COEFFICIENT OF CURVATURE, Cc,
[(d30)**2/(d10*d60)] : 0.96
MEAN PARTICLE DIAMETER, [(d16+d50+d84)/3]: 1.38

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY.: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
CQAﬂﬁE 1 FINE QQAESE_[M
- USDA PARTICLE SIZE LIMIT CLASSIFICATION
€= 13,91 |dw= 0.15 dso= 0,73 deo= 1.0 | Cuz 6 67 | 6= Lo, 06
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-22-23.5 23 5. Ft . Sand




SIEVE ANALY3IS DATA

JOB NAME: EMCON

JOB NUMBER: 89-L-060

TEST DATE: 8/22/89
SAMPLE NUMBER: SHC-22-52.5

DEPTH: 52.5 FT.
TOTAL SAMPLE WEIGHT (WET): 51.22 (g)
TOTAL SAMPLE WEIGHT (DRY): 51.22 (g9)
WATER WEIGHT: 0.00 (g)
CONTAINER WEIGHT: 0.00 (g)
TOTAL WEIGHT OF SAMPLE: 51.22 (g9)

SIEVE DIAMETER WT. CUM WT. WT. % PASSING LOG DIAMETER
NUMBER (mm) RETAINED RETAINED  PASSING
3/8" 9.525 0.00 0.00 51.22 100.00 0.979
4 4.750 0.00 0.00 51.22 100.00 0.677
6 3.350 0.00 0.00 51.22 100.00 0.525
10 2.000 0.00 0.00 51.22 100.00 0.301
16 1.180 0.03 0.03 51.19 99.94 0.072
40 0.425 2.40 2.43 48.79 95.26 -0.372
70 0.212 6.48 8.91 42.31 82.60 -0.674
140 0.106 8.18 17.09 34.13 66.63 -0.975
200 0.075 3.44 20.53 30.69 59.92 -1.125
pan 30.61 51.14 0.08
d10: 0.0044 (mm) ds0: 0.07 (mm)
dié: 0.0072 (mm) déo: 0.08 (mm)
d30: 0.026 (mm) dss: 0.24 (mm)
MEDIAN PARTICLE DIAMETER (dS0): 0.07
UNIFORMITY COEFFICIENT, Cu (d60/d10): 18.18
COEFFICIENT OF CURVATURE, Cc,
[(d30)**2/(d10*d60)] : 1.92
MEAN PARTICLE DIAMETER, [(d16+d50+d84)/3]: 0.1

COMMENTS:

LABORATORY ANALYSIS PERFORMED BY: S. Stoller
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson



HYDROMETER DATA

JOB NAME: EMCON TEST DATE: 8/3/89
JOB NUMBER: 89-L-060 DEPTH: 52.5 FT.
SAMPLE NUMBER: SHC-22-52.5 INITIAL WT: 51.22 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 51.22 (g)
REACTION WITH H202: NONE START TIME: 10:50:00
DISPERSANT: (NaP03)6
DATE TIME TEMP R RL Rcorr L 0 P XFINER
(1989) (MIN)  CC) (g/L) (g/l) (g/l) (CM) (MM) (%)
8/3 0.25 21.0 30.0 1.5 28.5 11.4 0.09129 55.64233 55.64233
0.50 21.0 26.0 1.5 2.5 12.0 0.06639 47.83288 47.83288
1.00 21.0 23.0 1.5 21.5 12.5 0.04789 41.97579 41.97579
2.00 21.0 20.0 1.5 18.5 13.0 0.03452 36.11870 36.11870
5.00 21.0 16.0 1.5 14.5 13.7 0.02238 28.30925 28.30925
10.00 21.0 14.0 1.5 12.5 14.0 0.01601 24.40453 24.40453
20.00 21.0 12.0 1.5 10.5 14.3 0.01145 20.49980 20.49980
60.00 21.0 9.0 1.5 7.5 14.8 0.00673 14.64272 14.64272
120.00 21.0 7.0 1.5 5.5 15.2 0.00481 10.73799 10.73799
232.00 21.0 6.0 2.0 4.0 15.3 0.00348 7.80945  7.80945
503.00 21.0 4.5 2.0 2.5 15.6 0.00238 4.88091 4.88091

LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller

CHECKED BY: E. Mattson
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U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS HYDROMETER
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COBBLES GRAVEL SAND SILT CLAY
COARSE FINE COARSE | MED, T FINE
- USDA PARTICLE SIZE LIMIT CLASSIFICATION
8z 35,92 |do= 0,0044 |dw= 0.07 deo= 0,08 [c= 18,18 Jce= 1. 97
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-22-92 .5 92.9 ft Sandy loam




HYDROMETER DATA

JOB NAME: EMCON TEST DATE: 8/3/89
JOB NUMBER: 89-L-060 DEPTH: 54 FT.
SAMPLE NUMBER: SHC-22-54 INITIAL WT: 51.19 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 51.19 (g9)
REACTION WITH H202: VERY MILD START TIME: 10:39:00
DISPERSANT: (NaP03)6
. : DATE TIME TEMP R ¢ RL Rcorr L D P %F INER
| (1989) (MIN) « C) (g/l) (g/l) (g/l) (CM) (MM) %)
8/3 0.25 21.0 45.0 1.5  43.5 8.9 0.08083 84.97753 84.97753
0.50 21.0 44.0 1.5 42.5 9.1 0.05768 83.02403 83.02403
1.00 21.0 61.5 1.5 40.0 9.5 0.04170 78.14026 78.14026
2.00 21.0 38.5 35 37.0 10.0 0.03024 72.27974 T72.27974
’ 5.00 21.0 34.0 1.5 32.5 10.7 0.01982 63.48896 63.48896
10.00 21.0 31.0 1.5 29.5 11.2 0.01433 57.62844 57.62844
20.00 21.0 27.5 15 26.0 11.8 0.01039 50.79117 50.79117
60.00 21.0 21.0 125 19.5 12.9 0.00626 38.09338 38.09338
120.00 21.0 17.0 155 15.5 13.5 0.00454 30.27935 30.27935
2642.00 21.0 14.0 2.0 12.0 14.0 0.00325 23.44208 23.44208
513.00 21.0 1%:0 2.0 9.0 14.5 0.00227 17.58156 17.58156
‘ 8/4 1278.00 21.0 10.0 1S 8.5 146.7 0.00145 16.60481 16.60481
LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS

HYDROMETER
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GRAIN SIZE (mm)
COBBLES GRAVEL SAND SILT CLAY
COARSE | FINE COARSE | MED, T FINE
- USDA PARTICLE SIZE LIMIT CLASSIFICATION
0= 42 42 I dio=  * dso= (0 01 deo= a0 017 I Cuz= -—- |Cc= s
SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-22-54.0 54 ft, Silt loam




HYDROMETER DATA

JOB NAME: EMCON TEST DATE: 8/3/89
@ JOB NUMBER: 89-L-060 DEPTH: 59 FT.
SAMPLE NUMBER: SHC-22-59 INITIAL WT: 49.99 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 49.99 (g9)
REACTION WITH H202: NONE START TIME: 10:11:00

DISPERSANT: (NaP03)6

® DATE TIME TEMP R RL Rcorr L D P XFINER
(1989) (MIN)  CC) (g/l) (g/L) (g/l) (CM) (MM) (X)

8/3 0.25 21.0 41.0 19753925 9.6 0.08375 79.01580 79.01580
0.50 21.0 39.0 T3 . "37.5 9.9 0.06023 75.01500 75.01500
1.00 21.0 35.0 1.5 33.5 10.6 0.04397 67.01340 67.01340
2.00 21.0 29.5 1.5 28.0 11.5 0.03239 56.01120 56.01120
5.00 21.0 22.0 1.5 20.5 12.7 0.02156 41.00820 41.00820
o 10.00 21.0 20.0 1.5 18.5 13.0 0.01544 37.00740 37.00740
| 20.00 21.0 15.5 1.5 14.0 13.8 0.01122 28.00560 28.00560
60.00 21.0 12.5 1.5 1.0 14.3 0.00659 22.00440 22.00440
120.00° 21.0 11.0 1.5 9.5 14.5 0.00470 19.00380 19.00380
265.00 21.0 9.0 2.0 7.0 14.8 0.00320 14.00280 14.00280
538.00 21.0 7.0 2.0 5.0 15.2 0.00227 10.00200 10.00200
® LABORATORY ANALYSIS PERFORMED BY: L. Simpson

CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson

® Printed on Recycled Paper 3




U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER
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 USDA PARTICLE SIZE LIMIT CLASSIFICATION
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SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)

SHC-22_-59 0 59 ft Silt loam

PERCENT COARSER BY WEIGHT




‘. E
HYDROMETER DATA
JOB NAME: EMCON TEST DATE: 8/3/89
o JOB NUMBER: 89-L-060 DEPTH: 68 FT.
SAMPLE NUMBER: SHC-22-68 INITIAL WT: 50.39 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 50.39 (g)
REACTION WITH H202: VERY MILD START TIME:  10:24:00
DISPERSANT:  (NaP03)6
® DATE TIME TEMP R RL Reorr L ) P %FINER
(1989)  (MIN) € C) (g/l) (g/l) (g/l)  (CM) (MM) %)
8/3 0.25 21.0 42.0 1.5 40.5 9.4  0.08303 80.37309 80.37309
0.50 21.0 39.0 1.5 37.5 9.9  0.06023 74.41953 74.41953
1.00  21.0 34.0 1.5 32.5 10.7  0.04431 64.49692 64.49692
2.00 21.0 29.0 1.5 27.5 11.5  0.03251 54.57432 54.57432
5.00 21.0 21.5 1.5 20.0 12.8  0.02163 39.69041 39.69041
L J 10.00 21.0 16.5 1.5 15.0 13.6  0.01578 29.76781 29.76781
20.00 21.0 14.5 1.5 13.0 13.9  0.01129 25.79877 25.79877
60.00 21.0 12.0 1.5 10.5 14.3  0.00661 20.83747 20.83747
120.50 21.0 10.0 1.5 8.5 14.7 0.00472 16.86843 16.86843
256.00 21.0 8.0 2.0 6.0 15.0 0.00327 11.90712 11.90712
527.00 21.0 6.5 2.0 4.5 15.2  0.00230 8.93034 8.93034
P LABORATORY ANALYSIS PERFORMED BY: L. Simpson

CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-22-68.0 68 ft. Silt Toam
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HYDROMETER DATA
JOB NAME: EMCON TEST DATE: 8/3/89
® JOB NUMBER: 89-L-060 DEPTH: 77.5 FT.
SAMPLE NUMBER: SHC-22-77.5 INITIAL WT: 49.94 (g)
TYPE OF WATER USED: DISTILLED TOTAL SAMPLE WT: 49.94 (g)
REACTION WITH H202: VERY MILD START TIME: 10:56:00
DISPERSANT: (NaP03)6
Y DATE TIME TEMP R Rl Reorr L D P %FINER
(1989)  (MIN)  ( C) (g/l) (g/l) (g/l)  (CM) (MM) %
8/3 0.25 21.0 44.0 1.5 42.5 9.1 0.08157 85.10212 85.10212
0.50 21.0 42.0 1.5 40.5 9.4  0.05871 81.09732 81.09732
1.00 21.0 40.5 1.5 39.0 9.7  0.04205 78.09371 78.09371
2.00 21.0 35.0 1.5 33.5 10.6 0.03109 67.08050 67.08050
° 5.00 21.0 29.0 1.5 27.5 11.5  0.02056 55.06608 55.06408
10.00 21.0 23.5 1.5 22.0 12.4  0.01510 44.05286 &4.05286
20.00 21.0 20.0 1.5 18.5 13.0  0.01092 37.04445 37.04445
60.00 21.0 16.0 1.5 14.5 13.7  0.00646 29.03484 29.03484
120.00 21.0 13.0 1.5 11.5 14.2  0.00465 23.02763 23.02763
227.00 21.0 11.5 2.0 9.5 14.4  0.00341 19.02283 19.02283
498.00 21.0 10.0 2.0 8.0 14.7 0.00232 16.01922 16.01922
8/64 1258.00 21.0 8.0 1.5 6.5 15.0  0.00148 13.01562 13.01562
o
LABORATORY ANALYSIS PERFORMED BY: L. Simpson
CALCULATIONS MADE BY: S. Stoller
CHECKED BY: E. Mattson
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U.S. STANDARD SIEVE OPENING IN INCHES

U.S. STANDARD SIEVE NUMBERS HYDROMETER
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SAMPLE NUMBER DEPTH CLASSIFICATION (USDA TEXTURE TRIANGLE)
SHC-22-77.5 77.5 ft. Silt loam




Appendix E: LABORATORY METHODS



INITIAL MOISTURE CONTENT

® d
(Microwave Oven Drying Method)

Methods

Methods and procedures outlined under ASTM standard D4643-87
are followed to determine the moisture content of a soil by the
microwave oven method. This test method is not intended as a
replacement for ASTM D2216-80, but rather as a supplement when
more rapid results are required or desired to expedite other
phases of testing. This test method is applicable for most soil
types, however for soils containing significant amounts of
halloysite, mica, montmorillonite, gypsum, or other hydrated
materials; highly organic soils; or soils in which the pore water
contains dissolved solids; this test method may not yield

reliable moisture content values.

Laboratory Procedures

To prepare disturbed samples, a sample is selected from the
material after it ‘has been thoroughly mixed. The mass of the
selected sample follows the guidelines in Table 1.

To prepare core samples, different procedures for
cohesionless and cohesive soils must be followed. For
cohesionless soils, the material is mixed thoroughly and a sample
with a mass in accordance with Table 1 is selected. For cohesive

soils, about 3mm of material is removed from the exposed ends,

L J Printed on Recycled Paper




and the remaining sample is sliced lengthwise to check if the
sample is layered. If the sample is layered, then an average

portion, is selected.

TABLE 1. Test Specimen Masses

Sieve Retaining Not More Than Recommended Mass of
About 10% of Sample Moist Specimen (qg)
2.00 mm (No. 10) 100 to 200
4.75 mm (No. 4) 300 to 500
19.00 mm (3/4 in.) 500 to 1000

The mass of a clean, dry dish is determined and recorded.
The soil sample is placed on the dish and its mass is immediately
determined and recorded. The soil and dish are cooked in the
microwave oven for 3 minutes. The soil and dish are removed and
allowed to cool. The mass is determined and recorded. The soil
is carefully mixed with a spatula and returned to the oven and
reheated for 1 minute. This procedure of cooling, mixing, and
reheating is repeated until the change in mass is 0.1% or less of

the initial mass. The final mass is then recorded.



Calculations

The initial moisture content on a percent volume basis is

® calculated as follows:?
(M - Mp)
6 = ————— % 100
(Vr x p)
& where
6 = initial moisture content (% volume)
M, = initial mass of soil & water (gq)

® M = final mass of soil (g)
Vr = total volume of sample (cc)
p = density of pores fluid in the soil when initial
- mass was determined (g/cc). The density of the
pofe fluid initially present in the sample is
assumed to be 1.0 g/cc
- The initial moisture content determined on a percent weight
basis is according to:
®
(M - M)
w = — * 100
M
o where
w = initial moisture content (%)
M; = initial mass of soil (g)
® M, = final mass of soil (g)
2 Gardner, Walter H. 1986. Water Content. Methods of Soil
° Analysis, Part 1, ed. A. Klute. American Society of Agronomy,

Madison Wis., pp 493-545.

® Printed on Recycled Paper 3




INITIAL MOISTURE CONTENT

(Oven Drying Method)

Method

Methods and procedures outlined under ASTM standard D2216-80
are followed to determine the moisture content of a soil by the
oven drying method. The oven drying method does not give true
representative results for materials containing significant
amounts of halloysite, montmorillonite, or gypsum minerals;
highly organic soils; or materials in which the pore water

contains dissolved solids.

Laboratory Procedure

To prepare disturbed samples, a sample is selected from the
material after it has been thoroughly mixed. The mass of the
selected sample follows the guidelines in Table 1.

To prepare core samples, different procedures for
cohesionless and cohesive soils must be followed. For
cohesionless soils, the material is mixed thoroughly and a sample
with a mass in accordance with Table 1 is selected. For cohesive
soils, about 3mm of material is removed from the exposed ends,
and the remaining sample is sliced lengthwise to check if the
sample is layered. If the sample is layered, then an average

portion, is selected.

® Printed on Recycled Paper Ty




TABLE 1. Test Specimen Masses

Sieve Retaining Not More Than Recommended Mass of
About 10% of Sample Moist Specimen (g)
2.00 mm (No. 10) 100 to 200
4.75 mm (No. 4) 300 to 500
19.00 mm (3/4 in.) 500 to 1000

The moist sample is placed in a dry container of known mass.

The masses of the sample and of the container are determined and
recorded. The sample and the container are placed in a drying
oven maintained at 110° + 5° C and dried to a constant mass. The
time required to obtain a constant mass will vary depending on
the type of material, the size of the specimen, and the oven type
and capacity. Weights are recorded on a daily basis, but, in
most cases, drying a test specimen over night (about 24 hours) is

sufficient.

Calculations

The initial moisture content on a percent volume basis is

calculated as follows: !

(M - M)
§ = —————— * 100
(Vr x q )
. Gardner, Walter H. 1986. Water Content. Methods of Soil

Analysis, Part 1, ed. A. Klute. American Society of Agronomy,
Madison Wis., pp 493-545.



where
& 6, = initial moisture content (% volume)
M, = initial mass of soil & water (9g)
M, = final mass of soil (g)
& Vr = total volume of sample (cc)
p = density of pores fluid in the soil when initial
mass was determined (g/cc). The density of the
® pore fluid initially present in the sample is
assumed to be 1.0 g/cc
® The initial moisture content determined on a percent weight

basis is according to:

® (M - M)

wow e * 100
M,
where

® w = initial moisture content (%)
M, = initial mass of soil only (9)
M, = final mass of soil only (9)

L]
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BULK DENSITY

® E
Method
® Bulk density is calculated from the initial soil sample volume
and oven dried mass of the soil sample.
® Laboratory Procedures
The volume of the soil sample is calculated from geometric
measurements of the sample. The sample mass is determined from
® methods outlined in ASTM D2216-80 (oven drying) or ASTM D4643-87
(microwave oven drying).
Calculations
®
The bulk density is calculated as follows:
pp = Mp/Vr
PY where
p, = dry bulk density (g/cc)
Mp = mass of oven dried soil sample (g)
® Vr = total volume of soil sample (cc)
®
®

® Printed on Recycled Paper 3




° ) POROSITY
(Particle Density Method)
® Method
Porosity can be calculated from dry bulk density and

particle density. The particle density method is based on sample
° geometry and mass relationships.

Laboratory Procedures
° Bulk density is calculated by the sample geometry and sample

" mass determined by oven drying, as described in the section

outlining the bulk density determination. Particle densityis
® determined from measurements following the procedures outlined in

the particle density principles and methods.
® Calculations

Porosity is calculated as follows:

@ n = [1 - (p/p,)] x 100

where

n = porosity (%)
® p, = bulk density (g/cc)
p, = particle density (g/cc)

o

® Printed on Recycled Paper




PARTICLE SIZE DISTRIBUTION

(Sieve Analysis)

Method
Methods and procedures outlined under ASTM standard D422-

63(72) are followed to determine the particle size distribution

of particles larger than 75 ym using the mechanical sieve

technique. Distribution of particles smaller than 75 pm are

determined using the hydrometer sedimentation analysis.

Laboratory Procedure

A soil sample is separated into a series of fractions from
4.75 mm (No. 4) to 0.075 mm (No. 200) by mechanical sieve
procedures. The sieve operates by means of lateral and vertical
jarring motions shaking the soil sample through a series of finer
sieves. Mechanical sieving is considered complete when less than

1% of the mass fraction passes a sieve during a one minute hand

sieving test.

Calculations

A plot of the particle size distribution curve is developed
from the mass retained on each sieve and data from the hydrometer
analysis. This plot is used to estimate the d,o, 946, dsor Gs0r

dgy, and dg, diameters (4, is the diameter of a particle of which
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x percent of the sample mass is finer). These soil particles

diameters are used to calculate the uniformity coefficient, cu:

Cu = dg/d;p

the coefficient of curvature, C.:
c = (dso)z/(dlo * dgo)

and the mean particle diameter, a:

d = (djg + dgo + dg,)/3



PARTICLE SIZE DISTRIBUTION

(Hydrometer Analysis)

Method

Methods and procedures outlined under ASTM standard D422-
63(72) are followed to determine the particle size distribution
of particles smaller than 75 pgm using the hydrometer

sedimentation analysis. Distribution of particles larger than 75

pm are determined using the sieve analysis.

Laboratory Procedures

A soil sample of approximately 50 grams for silts and clays,
or 100 grams for sands, is soaked for a minimum of 16 hours in a
solution of sodium hexametaphospate. At the end of the soaking
period, the sample is dispersed further in a mechanically
operated stirring device for one minute. Immediately after
dispersion, the soil-water slurry is transferred to a glass
sedimentation cylinder, and distilled water is added until the
total volume is 1000 ml. The glass cylinder is turned upside
down and back for one minute to complete agitation. Hydrometer

readings are taken at ASTM recommended times for a period of 24

hours.
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Calculations

The percentage of soil remaining in solution at the level at
which the hydrometer measures, P, is calculated as follows:

P = (Ra/W) x 100

where

P = percentage of soil remaining in suspension at the level
at which the hydrometer measures the density of the
suspension

R = hydrometer reading with composite correction applied

a = correction factor applied to the readings of the 1524
hydrometer

W = oven-dry mass of the soil sample

The diameter of a particle corresponding to the above

calculated percentage is calculated as follows:

D=KJL/T
where

D = diameter of the particle (mm)

K = a constant depending on temperature and the specific
gravity of the soil particles

L = distance from the suspension surface to the level
where the suspension is being measured (cm)

T = time since the beginning of sedimentation (min)

A plot of the particle size distribution curve is developed
from the above data using the sieve analysis. This plot is used

to estimate the d,,, dq, dsp, dsos dgp, and dgy diameters (4, is the



@
diameter of a particle of which x percent of the sample mass is
finer). These soil particles diameters are used to calculate the
[ ] 2
uniformity coefficient, Cu:
Cu = dgg/dyo
the coefficient of curvature, C.:
o 2
C. = (dgo) "/ (dy X dg)
and the mean particle diameter, d:
®
[
o
[
o
@
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SATURATED HYDRAULIC CONDUCTIVITY

(Falling Head Method)

Method

Methods and procedures outlined under Methods of Soil
Analysis (1986) are followed to determine the saturated hydraulic
conductivity by the falling head method. Saturated hydraulic
conductivity determined by the falling head method is based on a
simple boundary valve problem that describes one-dimensional
transient flow across a soil sample. The falling head method is
best suited for soil with a saturated hydraulic conductivity in

the range of 107 to 1077 cm/sec.

Laboratory Procedures

A soil sample, of length L and cross-sectional area A, is
placed in a sample holder, which prevents soil loss or volume
change. The soil sample is saturated using vacuum flooding
techniques. After saturation, a stand pipe is connected, and the
rate of water drop in the stand pipe is recorded. Figure 1 shows
the falling head apparatus used.

The temperature of the water is measured with a thermometer.
Corrections to 20°C of the kinematic viscosity of the fluid are

applied to the reported saturated hydraulic conductivity.
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Calculations

The head measured in the stand pipe, of cross-sectional area
a, is allowed to fall from H, to H, during time t. The saturated

hydraulic conductivity is calculated as follows:

K, = [aL/At] 1n[Hy/H,] [V 1/V 4]

where
K, = saturated hydraulic conductivity at 20°C (cm/sec)
a = cross-sectional area of the stand pipe (cm?)
L = length of the soil sample (cm)
A = cross-sectional area of the soil sample (cm?)
t = time for head to fall from H, to H, (sec)
Hy = head at experiment start (cm)
H; = head at experiment end (cm)
vr = kinematic viscosity of water at the measured

temperature (m’/sec)

vy = kinematic viscosity of water at 20°C (m?/sec)
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SATURATED HYDRAULIC CONDUCTIVITY

(Constant Head Method)

Method
Methods and procedures outlined under ASTM standard D2434-68

are followed to determine the saturated hydraulic conductivity by
the constant head method. Measurements of hydraulic conductivity
of saturated soils are based on the direct application of Darcy's
equation. The constant heads permeameter is best suited for

materials with a saturated hydraulic conductivity in the range of

1 to 10°° cm/sec.

Laboratory Procedures

A soil sample, of length L and cross-sectional area A, is
placed in a sample holder, which prevents soil loss or volume
change. The soil sample is saturated uéing vacuum flooding
techniques. After saturation, a constant head differential is
maintained across the sample. Periodic readings of the
volumetric outflow are taken until stable values for saturated
volumetric conductivity, K,, are obtained. Figure 1 shows the

constant head apparatus used.
The temperature of the water is measured with a thermometer.
Correction to 20°C of the kinematic viscosity of the fluid are

applied to the reported saturated hydraulic conductivity.
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Calculations

Darcy's equation is used to calculate the saturated

hydraulic conduc{:ivity as follows:

K, = [Q/A]J[AL/AH][V1/V ]
where
K, = saturated hydraulic conductivity € 20°C (cm/sec)

volumetric outflow from soil sample (cm®/sec)

Q

A cross-sectional area of the soil sample (cm’)

A L= length of the soil sample (cm)

AH= head differential across the soil sample (cm)

vy = kinematic viscosity of water at the measured
temperature (mz/sec)

v 5= kinematic viscosity of water at 20°C (m?/sec)

Printed on Recycled Paper 3



MOISTURE RETENTION CHARACTERISTIC

(Hanging Column Method)

Method

The key component of the apparatus for measuring the retention
of moisture at different pressure heads or pore size distribution
is a fritted glass porous plate that conducts water, but, when wet,
the plate is impermeable to air. Fritted glass plates have an
air-entry pressure of about 300 to 400 cm of water. These plates
are affixed to a glass funnel which is connected to a buret with
stopcock by means of flexible tubing. A diagram of the apparatus
is shown in Figure 1. A soil sample is placed on the plate and
tension (h') is applied to the sample by positioning the fluid in
the buret at different levels below the center of the sample.
Water flows out of the sample into the buret until equilibrium is
achieved. The tension is again increased or decreased to obtain

another state of equilibrium between moisture held by capillary

forces in the sample and the applied tension.

Laboratory Procedures

Air is first removed from the porous plate by allowing
de-aired water to pass continuously through it for 24 hours. The
funnel with the porous plate, and the buret are supported on

vertical rods by means of clamps. A saturated sample within its
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sample ring is then placed on the porous plate, assuring that good

hydraulic contact is established between the soil particles and the

. plate. With the stopcock of the buret closed, the initial level
of the water in the buret is recorded.
The buret is then lowered a small increment to about 10 to 15
¥ cm below the center of the soil sample. When the stopcock is
opened, the soil may begin to desaturate, and the drainage will
flow into the buret. When drainage has ceased, the stopcock is
i closed and the water level in the buret is recorded along with the
vertical distance from the bottom of the meniscus of the water in
the buret to the middle of the soil sample. The procedure is
G repeated in a stepwise manner until the maximum tension desired is
reached. A reversal of the process is used to gather data on the
wetting behavior of the sample. "
@
Calculation
Saturated moisture content (volume percent) is calculated as
¥ follows:
ot = [Ma = Myn)/[Vr x p,] x 100 (1)
where
. :
6,. = saturated volumetric water content (%cc/cc)
M,,, = mass of sample saturated (9)
> My, = mass of sample, oven dried to a constant weight (g)
Vr = volume of the sample (cc)
p,= density of the water at temperatﬁre when saturated mass
e was determined (g/cc)
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The quantity [M,,, - My,]/r. 1is the volume, in cubic centimeters,
of water initially contained in the sample volume. The drainage

is subtracted from the initial volume of water and then divided by

the sample volume to arrive at the moisture content in percent

volume at the given value of tension.

0,= [V; - Vp]/Vp x 100 (2)
where
vV, = initial volume of water (cc)
Vp = cumulative volume of water drained from sample (cc)
Ve = volume of sample (cc)
, = moisture content at the tension value h' (%cc/cc)

This gives then a paired set of values of tension, or pressure

head, versus volumetric moisture content.



; MOISTURE RETENTION CHARACTERISTICS
[ 3 "

(Pressure Plate Method)
Method
s Methods and procedures outlined under ASTM standard D2325-68
(81) are followed to determine the moisture retention
characteristics in the 1 to 15 bar suction range. Moisture
- retention characteristics are obtained using a pressure plate
extractor (Soil Moisture Inc., Santa Barbara, CA, Model 1500), with
a 1, 3, or 15 bar ceramic plate. Pressure is provided by high
3 pressure nitrogen from cylinders.
Laboratory Procedure
@
The porous ceramic plate is placed in a shallow pan with
deaired distilled water and allowed to stand overnight. The plate
: is then removed from the pan and placed in the extractor. De-aired
2 distilled water is poured over the plate to the limit allowed by
the rubber skirt, which generally just submerges the plate. The
5 pressure plate is sealed and pressure brought to 50% of the plate's
maximum rated pressure. This pressure is maintained until outflow
ceases. The extractor is opened and any excess water around the
. plate is removed.
The soil samples in their sample rings are then placed on the
plate, assuring that good hydraulic contact is established. The
- extractor is then sealed and the pressure brought to the level

@ Printed on Recycled Paper




desired. The pressure is maintained until outflow ceases. The
extractor is then opened and the samples weighed quickly on an
electronic top—leading balance. Subsequently, the samples are
returned to the extractor, and the pressure is increased to the

next increment.

Calculations
The decrease in mass of the water in the sample during a
period of applied pressure is converted to an equivalent decrease

in volume of water according to:

Vo = Mu/Pw (1)
where
Ve = equivalent volume of water (cc)
m, = mass of water loss (qg)
pw = density of water at temperature of experiment (g/cc)

Volumes of water calculated from equation 1 are then used to

calculate the moisture content at that pressure as follows:

8, = (Vi = £V,)/Vrx 100 (2)
where
§ , = moisture content at pressure p (% vol)
V; = initial volume of water in the sample (cc)

rV, = cumulative water volume change (cc)

Vr = total volume of the sample (cc)
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1.0 Introduction

The initial report, Unsaturated Ground-water Flow Modeling for the Proposed Cholla Landfill
(Maddock et al, 1989a) is hereafter referred to as Part 1. In Part 1, the unsaturated flow model,
UNSAT?2, was applied to three representative cross-sections of the proposed Cholla Sanitary Landfill to
determine the distributions of pressure head, total head and moisture content; and the cumulative
infiltration in response to an extreme hydrologic event in the Agua Fria River. The distributions
indicated the potential for lateral migration of the ground water. The three cross-sections, referred to
as Section 7, Section 8 and Section 9 in Part 1, were representative of geologic and lithologic conditions
at the site. The extreme hydrologic event was modeled as a stage hydrograph (Maddock et al., 1989a,
Figure 6) whose maximum stage reached 10 feet (the approximate 100 year flood boundary) for 1 hour.

The duration of the hydrograph used for Part 1 was 8 days (Figure 6, Maddock et al, 1989a).

The cross-sections were oriented in an east-west direction (Figure 1), with Section 9 in the
north, Section 8 in the center and Section 7 in the south. On the average, Section 9 was mainly

composed of coarse grain materials such as sands and gravels, Section 8 was composed of sands and

silts and Section 7 was composed of silts and clays with intermittent sands, EMCON and Assoc., 1989.

Model parameter estimates for Part 1 were obtained from three sources: laboratory
permeability measurements, in-situ testing in selected boreholes, and published ranges of parameters
based on soil texture. In Part 1, any estimates made on soil texture were biased toward the

conservative side and thus permitted more cumulative infiltration than might actually occur.

Part 1 model simulations showed that the minimum distance from the wetting front to the
landfill excavation was never less than 80 feet (approximately 225 feet in the horizontal direction).
Section 9 had the largest cumulative infiltration with nearly 100 ft3/ft2 of water infiltrating over the 8
day period and with 60 ft3/ft? of that occurring within the first 5 days. Section 8 had a total of 50
ft3/ft? cumulative infiltration over the 8 day period. Section 7 had little if any infiltration as the result

of a low permeability layer directly under the streambed. The total cumulative inflow for Section 7
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was 3.9 ft3/ft2 over the 8 day period.

The report L"ns_aturated Ground-water Flow Modeling for the Proposed Cholla Landfill - Part 2
(Maddock et al, 1989b) is hereafter referred to as Part 2. In Part 2, the hydraulic properties (saturated
hydraulic conductivity and moisture retention) based on soil textures were compared with the same
hydraulic properties obtained from laboratory analysis. Laboratory values for saturated hydraulic
conductivity and moisture retention were determined by Daniel B. Stephens and Associates (Stephens,
1989) on fourteen undisturbed cores taken from boreholes in Section 7 and Section 8. On the basis of
these comparisons, Part 2 concluded that the hydraulic properties estimated by soil textures

conservatively represented the field conditions found at the proposed Cholla Landfill site.

This report presents the results of three tasks. Task 1 reviewed pertinent records on the Agua
Fria River to document flow conditions and to determine the largest flood sequence of record. Task 2
summarized representative applications of UNSAT2, assembled and summarized available case
histories, and described a modified UNSAT2 where nonconvergence for incremental time steps and
varving boundary conditions did not require manual restart. Task 3 augmented the natural sensitivity
analysis provided by the intrinsic variation in parameters amongst sections 7, 8, and 9 to include

analysis of anisotropy, moisture content effects, and extended flow effects.

2.0 Review of Agua Fria River flow conditions

Historically, three U. S. Geological Survey surface water gages have measured continuous flow
on the Agua Fria River downstream of the Waddell Dam (USGS, 1988). The Avondale gage
(#0951397, approximately 8 miles south of the site) recorded a maximum of 13 consecutive days of
flow for the years 1965 to 1982. The 13 day flow event occurred in February of 1980 with a maximum
mean daily flow of 19,400 cubic-feet per second (cfs) on February 20th. The Avondale gage also
recorded the second longest flow period, 9 days, in March of 1978. The maximum mean daily flow for

that event was 7000 cfs on March 2nd.



For the Youngtown gage (#0951397, approximately 1 mile north of the site), 3.7 miles west of
Peoria, there is a continuous record from 1965 to 1968. This gage recorded a maximum of 6
consecutive days of flow in December, 1968. The maximum mean daily flow for this event occurred on

December 19 and measured 1.5 cfs.

Although the El Mirage gage (#0951365, approximately 3 miles north of the site) operated
continuously on the Agua Fria from 1982 to 1985, the USGS has withheld publication of these records.

Furthermore, all recording at this gage was discontinued in 1985.

Release records for Waddell Dam during the period 1983 to 1988 provide some relevant flow
information. Measurable spills from the Waddell Dam occurred in three months of 1983: 25,940 ac-ft.
in January, 50,390 ac-ft. in February, and 6,200 ac-ft. in March. The only measurable spill from

Waddell Dam during the period of 1984 to 1988 was 1 ac-ft. in 1985.

Personal communications with Wynn Hjalmerson (May, 1990) at the USGS district office in
Tucson and with Robert Wallace at the USGS subdistrict office in Tempe indicated the existence of
unpublished continuous flow records for the El Mirage gaging station. These records indicate that flow

on the Agua Fria below Waddell Dam never extended to 30 consecutive days.

3.0 UNSAT?2 applications, case histories, and modification.

The theoretical basis was developed for the application of the UNSAT2 model to the problem
of two-dimensional nonsteady flow of water in unsaturated and partly saturated porous media in Finite
Element Analysis of Two-Dimensional Flow in Soils Considering Water Uptake by Roots: I. Theory
(Neuman et al, 1975a). Part II of their study (Finite Element Analysis of Two-Dimensional Flow 1n
Soils Considering Water Uptake by Roots: II. Field Applications) applied the model to two field tests.
The first test involved one-dimensional flow and compared numerical results with those obtained
experimentally from water balance studies on red cabbage grown in the presence of a water table. The

second application examined two-dimensional flow in a complex field situation in the Netherlands
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where flow takes place under cropped field conditions through five anisotropic layers (Neuman et al.

1975b). .

In Saturated-Unsaturated Seepage by Finite Elements, Neuman (1973) described the
development of the UNSAT2 program as a tool to solve the quasilinear partial differential equations of
transient seepage in saturated-unsaturated porous media. Neuman demonstrated the application of the
model with two examples: one of seepage through an earth dam with a sloping core and horizontal
drainage blanket, and the other of seepage though a layered medium cut by a complex topography.
The two examples illustrated the model’s ability to handle nonuniform flow r‘egions having complex
boundaries and arbitrary degrees of local anisotropy as well as flow in a vertical or horizontal plane or
in a three-dimensional system with radial symmetry. Neuman noted that for the case of transient

seepage through soils the concept of a free surface is not always applicable.

Wei and Shieh (1979) used the UNSAT2 fnodel to analyze the transient seepage of the 95-
meter high Guri earthfill dam in their investigation of the saturation of earthfill and foundation during
and after staged reservoir filling. The authors used the movements of the saturation (wetting) fronts
and the pore pressure distributions in the earthfill and its foundation to evaluate the deformation and

stability of the Guri dam under staged construction and reservoir filling.

UNSAT?2 was used to study the effect of soil cementing and channel widening on infiltration
and recharge in two idealized profiles along the Rillito River of southern Arizona in Simulating Effects
of Channel Changes on Stream Infiltration, (Guzman et al, 1989). Their study utilized a synthetic 10-
year runoff in the river to provide head values for generating infiltration before and after bank
protection in the two sections. Results from the two base simulations combined to produce four
additional cases. The study examined the effects of various combinations of soil cementing in the

banks and widening the river channel on infiltration and recharge.

The original form of the program would iterate to find a solution until the specified error

tolerance is satisfied (convergent) or the maximum number of iterations is reached (non-convergent).



When convergence is achieved the simulation proceeds with the next time step. Otherwise, the
program would stop and manual restart would be required. UNSAT2 was modified to solve the non-
convergence problems encountered when dealing with extreme non-linearities during the solution of the
partial differential equation. The modication was done by one of the authors of the present study to
facilitate the sensitivity analysis discussed in the next section. In this modified version of the program
if non-convergent conditions are encountered the time step is automatically decreased and the
simulation is continued from the last convergent time step. By using this version of the program,

operator interaction is minimized.

4.0 Sensitivity analysis

The three cross-sections represented a diversity in hydrologic properties, and so model results
provide an initial sensitivity analysis. The wetting front movement through the fine texture materials
of Sections 7 and 8, reported in Part 1 (Maddock et al, 1989a) indicated the effects of smaller hydraulic
conductivities in comparison with Section 9. Section 9 was the only cross-section to which a sensitivity
analysis was applied because geologic cross sections and in situ permeability tests indicated that these
materials were of the highest permeability and thus afforded the greatest chance for the wetting front
to contact the liner. Sensitivity to the hydrograph, saturated hydraulic conductivity and moisture

content were evaluated and are described below.

4.1 Extended flow hydrograph

The hydrograph was extended by maintaining a 3 feet stage condition from day 5.833 through

day 30 (Figure 2). The purpose of this extension was to simulate an extreme flow event at the site.

The finite element grid was modified to accommodate the water table in an attempt to
eliminate artificial boundary effects. This was necessary because the extended hydrograph would result

in a greatly increased infiltration volume. In previous simulations this was not necessary because the
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wetting front never reached the depth of the water table which is located at approximately 868 feet
above mean sea level (207 feet below the river bed in Section 9, EMCON and Assoc., 1989). The finite

element grid consisted of 2464 nodes and 2358 elements (Figure 3).

Description of materials below the regional water table were obtained from well log B-3-1-
36BBC (EMCON and Assoc., 1989). Using these descriptions hydraulic properties of these materials
(CL, SP-SW, and SP) were assigned the same values as those of similar texture in the overlying layers
of the section (Table 1). The hydraulic properties of the materials were identical to those used in
previous simulations (Maddock et al., 1989). The hydraulic conductivities were assumed to be isotropic
and the initial suction was set to 15 feet. The cross-section used is shown in Figure 4. The zero
elevation in this cross-section corresponds to an elevation of 773 feet above mean sea level (95 feet

below the water table).

The results of this simulation are shown in Figures 5 to 22. These figures show the simulated
pressure head distribution at selected times from day 1 through 30. Results for days 1 through 8 are
identical to those reported in Maddock et al., (1989) for Section 9. Cumulative infiltration is shown in
Figures 23 and 24. Cumulative infiltration is the total volume of water which has entered the cross-
section per unit surface area of river bed at a given time. The cumulative infiltration at 14 days was
150 ft3/ft? and the total cumulative infiltration at 30 days was 212 ft3/ft2. The slope of this curve is
controlled by the hydraulic properties of the materials. The initial steep slope is reduced at day one
when the wetting front reaches the relative low permeability clay layer (Figure 5). From then on, the
slope of the cumulative infiltration curve is controlled by the permeability of this clay layer. Note that
between days 5 and 6 when the river stage changes from 1 feet to a maximum of 10 feet and returns to
3 feet (Figure 2) the effect on cumulative infiltration is negligible. This indicates that the infiltration

rate is unaffected by the stage in the river.

Between 11 and 12 days (Figure 18 and 19) the wetting front is shown to reach the water table

directly below the center of the river channel. Although the definition of the wetting front is somewhat



arbitrary, it is approximated by the zero pressure isobar. In Figure 18, the westward protrusion of the
® wetting front at 240 Teet above the datum (1013 feet above mean sea level) and 325 feet from the
center of the stream appears to be due to the lower permeability of the clay layer. At day 30 (Figure
22), the wetting front approached to within approximately 50 feet radially (110 feet measured in the
o horizontal direction) of the liner. For the hydraulic properties assigned to the materials, the
prescribed initial suction and the hydrograph used, the results of the simulation indicate that the
wetting front would not contact the base of the liner before 30 days. Continuing the simulation on this
L grid would only show the artificial effect of the imposed no-flow condition on the west boundary. The
total head distributions for days 14 and 30 are shown in Figures 25 and 26. These figures provide an
indication of the direction of flow. In a homogeneous isotropic flow domain the stream lines, the
® instantaneous direction of water particles, would be perpendicular to the total head contour. With this
in mind, Figures 25 and 26 would indicate vertically downward flow below the proposed landfill and
the side liner. There is a slight horizontal flow component below the Agua Fria river bed which

» becomes more pronounced at day 30.

4.2 Anisotropic hydraulic conductivity

\
| (K,/K,) of 2/1 with the vertical saturated hydraulic conductivity remaining the same as in the initial

o The material properties were changed in all layers in order to reflect an anisotropy ratio
simulations but the horizontal saturated hydraulic conductivity being increased by a factor of 2. The
g hyvdrograph up to 14 days, the initial suction, the position of the water table and the finite element
discretization were identical to those described in 4.1 above. The model was run to simulate 14 days
of infiltration.
e |
The pressure head distribution for selected days between 1 and 14 are presented in Figures 27- ‘
41. Comparing the results for day two from this and the previous simulation (Figures 6 and 28) clearly
shows the effect of anisotropy. For the isotropic case the wetting front has reached a distance of
®

approximately 235 feet from the center of the river (Figure 6) whereas for the anisotropic case the
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wetting front has moved as far as 260 feet from the center of the river (Figure 28). Under the
conditions for this simulation the wetting front reached the water table directly below the center of the

river channel at ten days (Figure 38).

For this anisotropic case at 14 days (Figure 41) the most westward protrusion of the wetting
front occurs in the poorly sorted gravel layer at an elevation of 198 feet (971 feet above mean sea
level). At this point the wetting front has moved 207 feet west of the intersection of river bank and
the river bed (located 188 feet from the center of the river). In contrast, for the isotropic case (Figure
20) the wetting front has moved only 157 feet west of this point. The effect of the anisotropy is an
increase of 32% in the lateral movement of the wetting front. This percentage represents the relative
difference at 14 days. With increasing time, this relative difference will decrease. Based on the results
of the simulation described in 4.1 above, the pressure head distribution of this simulation extended to

30 days would show the artificial effects of the boundaty condition on the west.

The shape of the cumulative infiltration curve (Figure 42) is similar to that of the simulation
described in 4.1 (Figure 23). However, the total cumulative infiltration at 14 days is 160 ft3/ft? as
compared to 150 ft3/ft? for simulation in 4.1. Total head distribution at 14 day; is presented in Figure
43. The contours indicate a slight increase in horizontal flow component as compared to the isotropic
case (Figure 25). The horizontal contours of total head indicate that flow is vertically d-ownwa.rd below

the excavation of the proposed landfill.

4.3 Wet initial conditions

To examine the effect of higher initial soil water content, the initial suction in the unsaturated
portion of the simulated cross-section was decreased from 15 feet to 2 feet. For the materials in this

section this reduction produces the changes in initial water content, §,_, shown in the chart below.



SP GP GW-GM SP-SP (8l
o 0,15 0-05 0.02 0.10 0.05 0.33
6,02 0.06 0.02 0.14 0.085 0.41
® All other conditions and parameter values are identical to those described in 4.2.

The pressure head distributions for selected days between 1 and 14 are presented in Figures 44-

5T Comparing the results for day 2 from this and the previous simulation in 4.2, (Figures 28 and 45).

® clearly shows the significant effect of increased background water content. For the dry case the wetting
front has reached a distance of approximately 260 feet from the center of the river (Figure 28) whereas

for the wetter case the wetting front has moved as far as 308 feet from the center of the river (Figure

® 45). Under the conditions for this simulation the wetting front reached the water table directly below
the center of the river channel at 6 days (Figure 53). For the case where the initial suction is 2 feet the

most westward protrusion of the wetting front at 14 days (Figure 57) occurs at the boundary of the

® poorly graded gravel layer and the poorly graded sand layer (Figure 4) at an elevation of 198 feet (971
feet above mean sea level). At this point the wetting front has moved 370 feet west of the intersection

of the river bank and the river bed. In contrast, for the drier anisotropic case (Figure 41) the wetting

L front has moved only 207 feet west of this position. The effect of the increased background water
content is an increase of 79% in the lateral movement of the wetting front. This percentage represents

the relative difference at 14 days.

® The cumulative infiltration curve is shown in Figure 58. The rate of infiltration for the first 0.6
day is the same as in the previous simulations (Figures 23 and 42). At about 0.6 day the wetting front
reaches the low permeability clay layer (Figure 44). From then on, the rate of infiltration decreases

- unlike the previous cases in 4.1 and 4.2. The total cumulative infiltration at 14 days is 130 ft3/ft? as
compared to 160 and 150 ft3/ft? for simulations in 4.1 and 4.2, respectively. Total head distribution
for 14 days is presented in Figure 59. The contours indicate a slight increase in horizontal flow

®

component as compared to the isotropic case (Figure 25). The horizontal contours of total head

9
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indicate that flow is vertically downward below the excavation of the proposed landfill.

5.0 Summary

Examination of the historical records of flow in the Agua Fria River demonstrates that the
extended hydrograph used for these simulations represents an extreme flow event. The natural
sensitivity analysis provided by soil variations among the different sections was augmented to
investigate the effects of anisotropy within homogeneous layers, high initial soil moisture content and
extended flow in the river on the movement of the wetting front. These conditions all contribute to an
enhancement of the lateral movement of the wetting front. Results of the simulation of the extended
hydrograph under isotropic conditions showed that the wettiné front only approached to within 50 feet
radially (110 feet measured in the horizontal direction) of the liner at 30 days (Figure 22). The. effect
of anisotropy of saturated hydraulic conductivity and higher initial water content was to increase the
lateral movement of the wetting front and slightly increase the total cumulative infiltration. However,
even for the anisotropic case with high initial water content the wetting front only approached to
within 50 feet radially (110 feet measured in the horizontal direction) of the liner at 14 days (Figure
57). Examination of the total head distribution (Figure 59) at 14 days indicates vertical flow paths.
These flow paths imply that little, if any, further lateral movement of the wetting front is likely, that
near steady-state flow conditions exist, and thus, no impact to the liner would occur at later times.

Therefore, it was not necessary to simulate the flow system beyond 14 days.
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Figure 5

Pressure Head Distribultion: Sec 9(L=1 day)
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Pressure Head Distribution: Sec 9(t=2 days)
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Figure 7

Pressure Head Distribution: Sec 9(t=3 days)
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Pressure Head Distribultion: Sec 9(t=5 days)
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Figure 10
Pressure Head Distribution: Sec 9(L=5.125 days)
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Figure 11

Pressure Head Distribution: Sec 9(L=5.25 days)
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Pressure llead Distribution: Sec 9(L=5.666 days)
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Figure 13

Pressure Head Distribution: Sec 9(t=5.833 days)
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Figure 14

[ L Pressure Head Distribution: Sec 9(L=6 days)
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Head Distribution:

Figure 15
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Figure .o

Pressure Head Distribution: Sec 9(t=8 days)
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Figure 17

Pressure Head Distribution: Sec 9(t=10 days)
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Figure .o

Pressure Head Distribution: Sec 9(tL=11 days)
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Figure 19

Pressure Head Distribution: Sec 9(t=12 days)
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Figure 20

Pressure Head Distribut ion:
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Figure 21

Pressure Head Distribution: Sec 9 (t=21 days)
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Figure 22
Pressure Head Distribution: Sec 9 (t=30 days)
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Cumulative Infiltration (cuft/sqft)

Cumulative

Figure 23

Section 9

Infiltration as a Function of

200.(%+
160. 0 /
—-1
100. 0 7
60. 0 4
] Inftial Suction|= 16 ft;
| llsotropic matdrials
i
TS o o e e e T T O N N S i L R
0 4 8 12

Time (de¢ )

16

T 1 me



.

Figure <4

Cumulative Infiltration as a Function of Time

Section 9

250. 0
o 2|
L] -4
o' -
L 200.0 i
e 1
4 -
o N
0 —1
A i
o 160. 0
ol —
e —
& o .
¥ ol
» .
— -l /
2] 100. 0
— 2
o 9
> -
ey -
+ ol
o 8l
—
3 60. (}~
3 ]
(&) i Initial Suckion =16 ft;
] lsotropic materials
O | e ke i A R o N il e e ) R ) T R e

(=]

10 20 30

Time (days)

€Q Jedeq pejofoey uo pejuLd



9¢

B

Elevation from datum (ft)

Fast

350.
300.
250.
200.

150.

Figure 25

Total Head Distribution: Sec 9 (t=14 days)
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Pressure Head Distribution: Sec 9 (t=1 day)
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Figure 31
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Pressure Head Distribultion: Sec 9 (t=5.125 days)
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Figure 33

Pressure llead Distribution: Sec 9 (t=5.833 days)
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Figure 34

Pressure Head Distribution: Sec 9 (t=6 days)
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Pressure Head Distribution: Sec 9 (tL=7 days)
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Figure 37

Pressure Head Distribution: Sec 9 t =9 days
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Pressure Head Distribution: Sec 9 (t=10 days)
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Figure 39

Pressure Head Distribution: Sec 9 (t=11 days)
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Pressure Head Distribution: Sec 9 (t=12 days
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Figure 41

Pressure Head Distribution: Sec 9 Lt=14 days
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Figur 2

Cumulative Infiltration as a Function of Time
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Pressure Head Distribution: Sec 9 (L=1 day)
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Figure 47

Pressure Head Distribution: Sec 9 (t=4 days)
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Pressure Head Distribution: Sec 9 (t=5.125 days)
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Pressure Head Distribution: Sec 9 (l=5.250 days)
Initial Suction =2 ft; Anisotropy Ratio: Kx/Kz = 2

[ "Agua Fria River 7t

Distance from center of river (ft)

Proposed B

Landfill =

:~’—7:4:7:°':t:€>:::~

LR LR R ; .

. ..A40..4 _h__

B80—— —

— =

5 | 9 | i) SRR gl e e i e e M e i | b - | y
.0 100. 0 200. 0 300. 0 400. 0 500.0 600. 0 700. 0

West

350. 0
300. 0
250. 0
200. 0
150. 0

100. 0



2

Elevation from datum (ft)

Fast

350.

300.

250.

200.

150.

Figure 51

Pressure Head Distribution: Sec 9 (t=5.666 days)
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Pressure Head Distribution: Sec 9 (t=5.833 days)
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Figure 55

Pressure Head Distribution: Sec 9 (t=10 days)
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Figure 56
Pressure Head Distribution: Sec 9 t=12 days
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Figure 57

Pressure Head Distribution: Sec 9 (tL=14 days)
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TABLE 1: HYDRAULIC PROPERTIES - SECTION 9
Material Uscs K ¢ fr a n
No. ft/day) (fT™hH)
1 ik SP 2.84 0.25 0.05 2713 3
2 GP 28.3 0.25 0.02 2:91.3 5
3 GW-GM 23.8 0.38 0.10 0.914 4
o 4 SP-SW Jle 89, 0.28 0.05 L D2 3
5 CL 0.493 0.42 0.15 01152 1.5
o
| SQURCES |
Material Uscs BORING INTERVAL K, Van Genuchten ‘
No. C£t.) TEST Parameters |
|
[ ]
gl SP SHC 3 43.8-48 CH Modified Mualem |
Cat.No. 4124
Stephens et al (%))
2 GP -- -- Esti- Mualem Cat.
mated No. 4124
() Stephens et al (1987)
3 SM-GM SHC 3 19-20.4 FH Mualem Cat.
No. 4147
Stephens et al (%))
4 SP-SW -- -- Esti- Modified Mualem
mated Cat.No. 4124
& Stephens et al (1987)
5 CL w/cal SHC 3 61.1-64.1 CH Modified "Clay"
Parker et al (1985)
Note:
® Ky = Saturated Hydraulic Conductivity
¢ = Porosity
fr= Residual Water Content
a = Model Parameter
n = Model Parameter
CH = Constant Head
® FH = Falling Head
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l. INTRODUCTION
A. Purpose

The purpose of this document is to outline the minimum inspection

requirements needed to verify that earthwork construction specifications

are met or exceeded during construction of Cholla Sanitary Landfill.

Quality control work shall be performed by an independent third-party.

The independent third-party firm is responsible for incorporating its own
o Quality Assurance procedures as needed.

B. Scope

This document addresses the minimum test methods, test frequencies,
and documentation necessary to verify adherence to the earthwork

» construction specifications. ~ Quality Assurance (QA) for synthetic
components of the landfill are described in a separate manual. Protocol
for reporting test results, certifying compliance with construction
specifications, correcting construction deficiencies, and documenting such
corrections is also provided.

[ C. Definitions

1. The Company: Browning-Ferris Industries of Arizona, Inc. The party
for whom the work is to be performed.

2. Quality Control (QC): The formal procedures utilized by project
!. contractors to ensure conformance of their products to plans,
} specifications, or other criteria established for the project. Contractor
Quality Control programs are not a part of this plan, although they will
be reviewed to ensure general conformance with the objectives stated

herein.

® 3. Quality Assurance (QA): The formal organization and procedures
utilized by the Company for verifying that work performed meets
project requirements. The Quality Assurance effort will generally
include a comprehensive and continuous review of contractor QC
programs and results, as well as construction materials. Independent
verfication of test results shall be accomplished through inspection
@ and materials testing.

4. Quality Assurance (QA) Engineer: Third party, independent consulting
engineering firm providing monitoring of all earthwork aspects of
landfill construction, technically accountable to the Company. The QA
Engineer is responsible for certification of landfill construction

) according to the earthwork specifications outlined herein.

5. Engineering Services: A corporate department of Browning-Ferris ‘
Industries with civil/geotechnical engineering and engineering
geology/hydrology capabilities.

*® : 6. Afterberg Limits: The liquid limit, plastic limit, and shrinkage limit for
soils (ASTM D4318-84 and D427-83, respectively). The water content

PJ3 3721501P.00W 1 Rev. 0 July 26, 1990
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7.

8.

10.
11.

12.

13.

14.
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when the soil behavior changes from the liquid to the plastic state is
the liquid limit, from the plastic to the semi-solid state is the plastic
limit, and from the semi-solid to the solid state is the shrinkage limit.

Compaction: The process of increasing the density or unit weight of
soil by rolling, tamping, vibrating, or other mechanical means.

Density: Mass density of soil is its weight per unit volume, usually
reported in pounds per cubic foot.

Grain Size Distribution: Distribution of particle sizes within a soil
(ASTM D422-63).

In situ: "as is," or as it exists in place naturally.

Moisture Content: Ratio of quantity of water in the soil (by weight) to
the weight of the soil solids (dry soil), expressed in percentage; also
referred to as water content.

Optimum Moisture Content (OMC): Moisture content corresponding
to maximum dry density as determined by ASTM D1557.

Permeability: Ability of pore fluid to travel through a soil mass via
interconnected voids. "High" permeability indicates a relatively rapid
rate of flow, and low permeability, a relatively slow rate. Rates of
permeability are generally reported in centimeters per second
(cm/sec).

Plasticity: Ability of soil mass to flow or be remolded without raveling
or breaking apart. Generally that range of soil water content
between the liquid and plastic limit.

Sieve (200 Mesh): Refers to soil particle size passing (smaller than
or equal to) the U.S. Sieve No. 200.

D. Quality Control Organization

1,

Responsibilities:  All contractors/vendors shall be responsible for
implementing a quality control program.

Submittals: All contractors shall be responsible for submitting the
procedures and results of the quality control program to the QA
Engineer for review, approval, and documentation. Contractors
supplying borrow source materials shall submit the procedures and
results of borrow source evaluation testing to the QA Engineer prior to
shipment of the material to the site. The QA Engineer shall review the
procedures and results of the borrow source evaluation and shall
notify the contractor that the material is approved for shipment.

E. Quality Assurance Organization

i

Responsibilities: The QA Engineer is responsible for certifying that the
final construction is in conformance with the project plans and
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specifications. This QA plan outlines the minimum inspection

requirements to be used by the Engineer to ensure that the project
plans and specifications are met.

& 3
2. Administration: The QA Engineer shall be responsible for the overall

administration of quality assurance procedures and for the control of
quality assurance documents. The Engineer shall be responsible for
overseeing and coordinating the work of the quality assurance
technicians and testing laboratories.

o . iy . a

| 3. Document Control: The QA Engineer shall initiate a project filing
system which shall include at a minimum:

. File copy of the QA procedures, updated as necessary.

e « Photographic documentation of the construction.
} + Survey measurements.
+ Field and laboratory test results.
o « Daily and weekly field results and reports.
« Field certification reports including as-built drawings.
« Non-conformance and corrective action reports.
® « Minutes of construction meetings.
4. Daily Field Reports: The QA Engineer shall prepare daily field reports
which shall include, at a minimum, the following:
a. Date, project name, location, and other identification.
¥ b. Data on weather conditions.

c. Reports of meetings held and pertinent results.

d. Descriptions and locations of construction underway during the

® time frame of the daily report.

e. Equipment being used on site.

f. Descriptions of areas of work being tested.

Py g. Description of off-site materials received, including any quality
verification documentation.

h. Decisions made regarding approval of units of material or of work,
and/or corrective actions to be taken in instances of substandard
quality.

®

i. Signature of the QA Engineer.

PJ3 3721501P.00W 3 Rev. 0 July 26, 1990

L 4 Printed on Recycled Paper {3




5. Test Results: Test results shall be reported on a standard sheet and
shall include, at a minimum, the following:

a. Description of testing activity.

b. Location of the field testing activity or the location from which the
sample was obtained.

c. Type of testing activity and procedure used (reference standard
method when appropriate).

d. Recorded observation or test data, with all necessary calculations.

e. Results of testing activity and comparison with specification
requirements.

f.  Signature of test performer and QA Engineer.
6. Final Documentation: At project completion, a final certification report

shall be issued by the QA Engineer and transmitted to the Company.
This document shall include, at a minimum, the following information:

Scope of work.

a.
b. All daily field reports.

o

All |laboratory and field test results.

d. Test methods.

e. Evaluation of all test results with respect to project specifications.
f.  Any non-conformance reports and corrective action reports.

g. Personnel involved with the project and their respective
qualifications.

h. Record drawings and survey notes.
i. Cenrtification that construction was completed in accordance with
construction drawings and specifications. This certification should

be signed and stamped by a professional engineer registered in
Arizona.
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MATERIALS AND PRECONSTRUCTION TESTING

A. Low Permeability Soils:

1.

All soil to be used for construction of soil liner shall be stockpiled and
inspected by the QA Engineer prior to actual use. If a natural deposit
is to be used, the QA Engineer shall inspect borrow material as it is
hauled to the site.

2. Rock fragments, boulders, and cobbles contained in the soil shall not
exceed 3/4 inch in any dimension. Material shall be inspected and
limbs, roots, and other deleterious materials shall be removed to the
extent practical.

3. The following QA tests shall be performed on stockpiled material to be
used for subsequent construction at the specified frequencies and
whenever a change in material occurs.

Property Test Method Frequency
1. Gradation ASTM D1422 10,000 yd3
2.  Atterberg

Limits ASTM D4318 10,000 yd3
3. Moisture Content ASTM D2216 1,000 yaS
4.  Moisture-Density Curve ASTM D1557 5,000 ya?3
5. Laboratory ASTM Draft*

Permeability Method 10,000 yd3
6. Undrained Shear

Strength ASTM D2850 5,000 yd3

B. Drainage Layer:

1. Clean subangular, subrounded, rounded, or well rounded sand shall
be used.

2. The sand shall have less than 5 percent passing the No. 200 sieve.

3. The sand shall have a demonstrated permeability greater than or
equal to 1 cm/sec.

* See Appendix
PJ3 3721501P.00W S Rev. 0 July 26, 1990
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4. The following QA tests shall be performed on stockpiled material at
the specified frequencies and whenever a change in material occurs.
) Minimum
Property Test Method Frequency
Grain Size ASTM D422 2,500 yd3
Permeability ASTM D2434 10,000 yd3
C. Gravel:
1. Clean subangular, subrounded, rounded, or well rounded gravel may
be used.
2. The gravel shall have a demonstrated permeability greater than or
equal to 10 cm/sec.
3. The gravel shall have less than 3 percent passing the No. 200 sieve.
4. The following QA index test shall be performed on stockpiled material
at the specified frequencies and whenever a change in material
occurs.
Property Test Method Frequency
Grain Size ASTM D422 500 yd3
Permeability ASTM D2434 500 ydS

D. Protective Soil Cover

1.

Soil obtained from on-site excavations or off-site sources.

2. The maximum particle size shall be 3/4 inch. |If the protective soil
cover is to be placed directly on the geomembrane it shall contain no
angular particles greater than 3/8 inch.

3. Shall meet gradation requirements for filter criteria outlined in
Geotextile Specification.

4. The following QA index test shall be performed on stockpiled material
at the specified frequencies and whenever a change in material
occurs.

Property Test Method Frequency
Grain Size ASTM D422 5,000 yd3
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E. Earthfill

® 1. Soil obtained from on-site excavations or off-site sources shall be free
of organic and other deleterious material.

2. Maximum particle size of 6 inches.

3. The following QA index tests shall be performed on stockpiled material |
at the specified frequencies and whenever a change in material |

o occurs. 3
Property Test Method Frequency ;
Compaction ASTM D1557 10,000 yd3

e Atterberg Limit ASTM D4318 10,000 yd3

. QUALITY ASSURANCE FIELD TESTING OF SOILS

A. Excavation

o 1. After cell excavation is complete, the entire base shall be proof-rolled
with a smooth drum roller.

2. Areas that exhibit excessive rutting, heaving, or softening shall be
excavated and replaced with compacted suitable material, according
to the specifications.

B. Low Permeability Soils

1. During bentonite admixing, the percent bentonite added to the soil
shall be determined. The procedure used will depend on the method
used by the contractor to add the bentonite.

2. Low permeability soils shall be compacted to a minimum dry density of
90 percent of the maximum dry density determined from the Modified
Proctor test (ASTM D-1557). Densities less than 90 percent of the
maximum dry density shall be recompacted and/or removed and/or
reworked to meet density objectives.

3. The soil shall be compacted within the specified water content.

4. Loose thickness and initial (before compaction) water content shall be
tested at least once for every 20,000 square feet of liner area and at
least once per lift.

5. Each lift shall be tested to determine compacted density and water
content using a nuclear gauge (ASTM D2922) before subsequent lifts
are placed.

6. The QA Engineer shall determine the locations of the compacted

* density and water content tests using a grid pattern with a diagonal
spacing of about 65 feet. Test locations for each lift shall be above an

PJ3 3721501P.00W 7 Rev. 0 July 26, 1990
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10.

11.

12.

13.

14.

15.

untested location in the previous lift. The QA Engineer may require
testing, in addition to the grid pattern, of areas he believes may not
meet specifications.

In addition, the QA Engineer shall specify test locations in the sump
area. The QA Engineer may select and test locations that he believes
may not meet specifications.

One sand-cone density (ASTM D1556) shall be taken each day to
correlate dry density and water content measurements with those of
the nuclear gauge. The results of these tests and correlation to
nuclear gauge measurements shall be documented and reported.

A thin-walled tube sample of in-place clay liner shall be obtained every
5,000 yards or 1 per lift (whichever results in the greater number of
tests) for laboratory permeability (Draft ASTM Method).

Whenever the compacted soil liner is disturbed for testing or
sampling, any penetrations shall be backfiled by hand-tamped
bentonite pellets, bentonite powder, or bentonite/clay mixture.

To verify that correct Proctor curve is used, one clay sample shall be
obtained for every 5,000 cubic yards placed or every three working
days, whichever is less. This sample shall weigh approximately
10 pounds, and shall be compacted in a Modified Proctor mold using
Modified Proctor compactive effort at the existing clay water content
(1 point Proctor). Atterberg Limits and percent finer than the No. 200
sieve shall be determined every 2,500 ydS.

The frequency of confirmatory compaction testing may be relaxed
once the Engineer has established a family of moisture-density
curves relating to Atterberg limits and percent fines. Once the
above-described relationships have been established (on a
frequency not less than every five percentage points change in liquid
limit), the confirmatory compaction testing can be reduced to
confirmatory classification testing (Atterberg limits and percent finer
than No. 200 sieve). At least one compaction test should still be run
for every week of liner construction.

The QA Engineer shall confirm that before placing the next lift, the
surface of the previous lift has been scarified to a depth of one to
two inches, if required, and the surface has not been allowed to
become excessively dry.

The placement of fill during times of marginal weather shall be at the
discretion of the QA Engineer. No select fill shall be placed or
compacted during sustained periods of temperatures below 30°F.
Select fill may be placed and compacted during periods of early
morning freezing temperatures with warming trends during the day.

All sample and test locations shall be documented. The lift in which
the testing occurred shall also be documented.
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D. Protective Soil Cover

1. All synthetic components shall be approved by the QA Engineer prior
® to placement of the protective soil cover.

2. Samples shall be collected at a frequency of 1 sample per 2,000 cubic
yards. Sample size shall not be less than 10 pounds. Samples shall
be tested for grain size distribution.

& 3. All sample and test locations shall be documented. Test and sample
depth shall also be documented.

E. Random Fill

1. Random fill shall be compacted to a minimum dry density of

® 90 percent of the maximum dry density as determined Dby
ASTM D-1557. Densities less than 90 percent of the maximum dry

density shall be recompacted and/or removed and reworked to meet

density objectives.

2. The soil shall be compacted within the specified water content range.

@

3. Loose thickness and initial (before compaction) water content shall be
tested at least once per 500 cubic yards, but at least once per lift (if
the lift is less than 500 cubic yards).

4. Each lift shall be tested to determine compacted density and water

- content using a nuclear gauge (ASTM D2922) before subsequent lifts
are placed.

5. One sand-cone density (ASTM D1556) shall be taken each day to
correlate dry density and water content measurements with those of
the nuclear gauge. The results of these tests and correlation to

® nuclear gauge measurements shall be documented and reported.

6. To verify that the proper compaction curve is being used, one
ASTM D1557 test shall be performed per 5,000 cubic yards or 1 per
material type. As appropriate 1 point Proctor curves may be used.

® IV.  TEST EQUIPMENT CALIBRATION

A. All field test equipment will be kept under control of the QA Engineer. The

QA Engineer will be fully trained in the use of equipment, test procedures,

and interpretation of results for each piece of test equipment. A copy of

the calibration certificate will be kept by the QA Engineer. This equ(igment

@ shall be calibrated in accordance with the QA Engineers Quality
Assurance procedures.

B. Calibration of nuclear density gauges shall conform to the frequencies and
methods outlined in ASTM D2922-78 and D3017-78. Unstable or erratic
gauges shall not be used for density testing and shall be immediately

® removed from the site.

PJ3 3721501P.00W 9 Rev. 0 July 26, 1990
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VI

NONCONFORMING TEST RESULTS
Density and Moisture Content

Density and moisture content test locations which fail to meet or exceed
construction criteria require reworking. The boundaries of the area to be
reworked will be the closest test locations which meet density and
moisture content specifications. The non-conforming area shall be
reworked, dried, or wetted as necessary and retested. A non-
conformance report shall be written for areas which do not meet
construction specifications after reworking and retesting.

Laboratory Permeability Tests

Laboratory permeablllty test results which demonstrate a permeability
above 1 x 10°6 cm/sec for the low permeability soils or below 1 cm/sec for
the drainage layer shall be immediately brought to the attention of the
Company by the QA Engineer. Non-conforming permeability test results
on the low permeability soils shall trigger an immediate re-evaluation of
compaction criteria and a review of all permeability results from low
permeagility soil samples.  Nonconforming drain material shall be
removed.

Non-Conformance Reports

All non-conformance reports shall be brought to the attention of the-
Company by the QA Engineer and shall be documented in the QA files.

SURVEY CONTROL
Cell Excavation

1. The completed excavation surface shall be surveyed to ensure that
actual depths and grades are in accordance with the plans and
specifications.

2. A minimum of one cross-section for every 100 lineal feet of cell,
measured along the cell length, shall be surveyed. At a minimum,
survey points shall be established at the top, mid-point, and bottom of
each slope and at three points on the bottom of the cell.

3. In addition, a minimum of one slope profile, for every 100 lineal feet of
cell, measure along the cell width, shall be surveyed. At a minimum,
survey points shall be established at the top, mid-point, and bottom of
each slope and at least one of the survey points on the bottom of the
cell established by the longitudinal survey.

4. Acceptable tolerances on survey coordinates shall be +/- 0.2 foot on
elevations and +/- 1.0 foot on coordinates.

5. The Quality Assurance technician certifying the survey results shall be
a Land Surveyor or Professional Engineer registered in Arizona.
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6. The QA Engineer shall certify that the cell excavation meets the
requirements in the plans and specifications and submit
documentation of such to the Company.

»
B. Low Permeability Soils
1. The completed low permeability soil liner surface shall be surveyed,
before the placement of a geosynthetic, to verify that actual thickness
and grades are in accordance with the plans and specifications.

2. A minimum of one cross-section for every 100 lineal feet of cell,
| measured along the cell length, shall be surveyed. At a minimum,
| survey points shall be established at the top, mid-point, and bottom of
| each slope and at three points on the bottom of the cell. These survey
® points shall be coincident with those of the previous cross-section

lines.

3. |n addition, a minimum of one slope profile, for every 100 lineal feet of
cell, measured along the cell width, shall be surveyed. Slope profiles
shall be coincident with the previous slope profiles. At a minimum,

: survey points shall be established at the top, mid-point, and bottom of
® each slope and at least one of the survey points on the bottom of the
cell established by the longitudinal survey.

4. Acceptable tolerances on survey coordinates shall be +/- 0.2 fact on . -
elevations and +/- 1.0 foot on coordinates. :

® 5. The Quality Assurance technician certifying the survey results shall be
a land surveyor or Professional Engineer registered in Arizona.

6. The QA Engineer will certify that the soil liner meets the requirements
in the plans and specifications and submit documentation of such to

the Company.
C. Leachate Collection and Removal System

1. The completed leachate collection and removal system surfaces shall
be surveyed to verify that actual thickness and grades are in
accordance with the plans and specifications. Surveys should be

® completed to determine the elevations at the top of the drainage layer
and protective soil cover.

2. A minimum of one cross-section for every 100 lineal feet of cell,
measured along the cell length, shall be surveyed. At a minimum,
survey points shall be established at the top, mid-point, and bottom of

L each slope and at three points on the bottom of the cell. These survey
points shall be coincident with those of the excavation cross-section
lines.

3. In addition, a minimum of one slope profile, for every 100 lineal feet of

cell, measured along the cell width, shall be surveyed. Slope profiles

® ‘ shall be coincident with the excavation slope profiles. At a minimum
for granular side slope leachate collection and removal systems,
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survey points shall be established at the top, mid-point, and bottom of
each slope and at least one of the survey points on the bottom of the
cell established by the longitudinal survey.

4. Acceptable tolerances on survey coordinates shall be 0 to +0.2 foot on
elevations and +/- 1.0 foot on coordinates.

5. The Quality Assurance technician certifying the survey results shall be
a registered land surveyor or Professional Engineer.

6. The QA Engineer will certify that the leachate collection and removal

system meets the requirements in the plans and specifications and
submit documentation of such to the Company.
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“his document is part of the ASTM stancards process and is for ASTM
~Jmmiftee use only. it shall not be reproduceq or circulated or qUOLEd. in whola
2rin part. outside of ASTM committee activities exceot win the aoproval crf :=e
cnairman of the commuttee having junsaiction cr the Presigent of the Soc:ety.

1. Scope

1.1 This test method covers laboraicry measurement ci the nycraulic
conductivity of water-saturated porous materials with a flexible wall
oermeameter. (See note 1.)

Note 1 - The term “hydraulic conductivity* is aiso referred to as
“coefficient of permeability.” A more complete discussion of terminolegy is
cresented in Section 3.

1.2 This test method may be utilized with undisturbed or compacted
specimens that have a hydraulic conducivity less than or equal to 1 x 10-3 crrvs.

1.3 The hydraulic conductivity of materials with hydraulic
csnductivities greater than 1 x 10-3 crvs may be determined by Test Method D
2434,

*4  The values stated in Sl units are 12 be recarced as :he stancarc.
-~iess cther units are specificaily given.

1.5  This standard may involve hazardous matenals, operations, and
equipment. This standard does not purpon to address all of the safety problems
associated with its use. It is the responsibility of the user of this standard to
establish appropriate safety and health practices and determine the
applicability of reguiatory limitations prior to use.



Referenced Documents

!\)

2.1 ASTM Stancarcs:

O 653 Terminology Relating to Soii, Rock, ana Containea Fiuics
D 698 Test Metheas for Moisture-Density Relations of Soils ana
Soil-Aggregate Mixtures Using 5.5-b (2.49 «q)
Sammer and 12-in (305 mm) Drop
D 854 Test Methed for Specific Gravity of Soils
D 1557 Test Methcds for Moisture-Density Relations of Soils ang
Soil-Aggregate Mixtures Using 10-lb (4.54 kg)
Rammer and 18-in (457 mm) Drop
D 1587 Practice of Thin-Walled Tube Sampling of Sails
D 2113 Practice for Diamond Core Drilling for Site Investigation
D 2216 Method for Laboratory Determination of Water (Moisture)
Content in Soil, Rock, and Soil-Aggregate Mixtures
D 2434 Test Method for Permeability of Granutar Soils (Constant
Head)
D 4220 Practices for Preserving and Transporting Soil Samples
D 4753 Specification for Evaluating, Selecting and Specifying
Balances and Scales for Use in Soil and Rock
Testng
E 145 Soecification f{cr Gravity-Cenvection ane Farced-Ventitaten
Cvens
D 4767 Test Method fcr Consolidatea-Uncrainea Triaxial
Compression

3. Definitions

3.1 hydraulic conductivity, k - measured in units of centimeters per
second, is defined from Darcy's law as follows:

q=kA

Printed on Recycled Paper 3



vyNere:

¢ = rate of flow. cm/s,

- = nydraulic ¢raaient (dimensioniess)
=h/L

h = head loss across test specimen, cm,

L = iength of test specimen along the path of water fiow, cm,

A = cross-sectional area of test specimen, cm?2

Note 2 -- The term "coefficient of permeability” is often used to describe
‘e ccefficient k in Darcy's law, but "hydraulic conductivity” is used exclusively
7 this standard. A more complete discussion of the terminology associated with
Oarcy's law is given by Olson and Daniel (1981).

3.2 For definitions of other terms used in this test method see
Terminology D 653.

4. Significance and Use

4.1 This test method provides a means for measunng the hydraulic
scrnouctivity of water-saturated ccrcus matenals in the leboratery. The test
=-ples 1o cne-gimensional, laminar flow of water througn the pcrous matena.

42 The hydraulic conductivity of porous materials generally
cacreases with an increasing amount of air in the pores of the matenal. This
standard applies to water-saturated porous materials containing virtually no air.

43 This standard applies to permeation of porous materials with
water. Permeation with other liquids, such as chemical wastes, can be
accomplished using procedures similar to those described in this standard.
However, this standard is only intended to be used when water is the permeant

liquid.



44 tis assumed that Darcy's law is valid ang that the nydraulic
zSngucuvity 1s essentially unaftected by hydraulic gradient.

Mote 3 -- The validity of Darcy's law may be evaluated by measunng the
~varaulic conductivity of the soil at three hydraulic gracients; if all measurec
vaiues arg similar (within about 25 percent), then Darcy's law may be taken as
va:iid. However, when the hydraulic gradient acting on a test specimen is
cnanged, the state of stress will also change, and, it the specimen s
ccmpressible, the volume of the specimen will change. Thus, some change in
nycraulic conductivity may occur when the hydraulic gradient is altered even in
cases where Darcy’s law is valid.

2.5 The correlation between resuits obtained with this test method anag
‘~e hydraulic conductivities of in-place field materials has not been fully
investigated. Therefore, the results should be applied to field situations with
czution and by qualified personnel.

5. Apparatus

Note 4: Warning -- Hydraulic conductivity testing using this test methed
senerally requires the use of pressunzed apparatus or compressed gases. cr
-2:n. Aopreonate stancdards cf safety should be utilizeg in comaleticn 24 2

- -

12375 USINC tnis test metncd.

® 3.1 Hydraulic System -- Constant head, falling head, or constant rate
=i ‘'ow systems may be utilized provided they meet the critena outlinea as

-t e

follows:

® 5.1.1 Constant Head -- The system must be capable of
maintaining constant hydraulic pressures to within £5% and shall include

means to measure the hydraulic pressures to within the prescribed tolerancs.

In addition, the head loss across the test specimen must be held constant to
® within =5% and shall be measured with the same accuracy or better. Pressures

shall be measured by a pressure gage, electronic pressura transducer, or any
other device of suitable accuracy.
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5.1.2 Falling Head - The system shall ailow for measurement 2*
‘w8 acpluea neab loss. thus hycrauLs graaient, 13 within 535 cr cetter at any ure.
~he nead loss shall be measured with a pressure gage, eleciranic pressure
ranscucer, engineers scale, gracuated pipette, or any cther cevice of suitanie
accuracy. ralling nead tests may be performea with either a constant taiiwatar
elevation or a rising tailwater elevation.

3.1.3 Constant Rate of Flow —~ The system must be capable of
maintaining a constant rate of flow through the specimen to within 5% or better.
Fiow measurement shall be by calibrated syringe, graduaied pipette, or other
cevice of suitable accuracy. The head loss across the specimen shall be
Teasured to an accuracy of S% or better using an electronic pressure
.ransducer or other device of suitable accuracy. More information on testing
mth a constant rate of flow is given by Olsen, Morin, and Nichols (1988).

5.1.4 System De-ainng — The hydraulic system shall be designed
to facilitate rapid and complete removal of free air bubbles from flow lines.

5.1.5 Back Pressure System -- The hydraulic system shall have
‘he capability to apply back pressure to the specimen to facilitate saturation.
“he system shall be capable of maintaining the appied back pressure
:mroughout the duration cof hydrautic conductivity measurements. The tack
ressure system shall e capaole of applying, centreiling, ana measunng me
cack pressure to 5% or better of the applied pressure. The back pressure may
Se provided by a compressed gas supply, a deadweight acting on a piston. cr
zny cther methed capable of applying and cantrolling the back pressure to t=e
tolerance prescribed in this paragraph.

Note 5 - Application of gas pressure directty to the back pressure fiuid
supply will dissolve gas in the back pressure fluid. A variety of techniques are
available to minimize dissolution of gas in the back pressure fluid, including
separation of gas and liquid phases with a bladder and frequent replacement of
the liquid with de-aired water. ‘



3.2 Fiow Measurement System -- Soth inflow an@ cuticw volumes
snall be measured uniess the lack of leakage, continuity of flow, and cessation
® 27 ccnscndationor swelling can be venfied by other means. Fiow voiumes shail
Ze measured by a graduated accumulator, graduated pipette. verucal standpipe
2 csnjunction with an electronic pressure transducer. or c:her volume-
—easurng cevice of suitable accuracy. ‘

5.2.1 Fiow Accuracy ~ Requird accuracy for the quantity of flow
~easured over an interval of time is 5% or better.

® 5.2.2 System De-airing and Compliance -- The flow-
measurement system shall contain a minimum of dead space and o€ capable of
~cmplete and rapid system de-airing. System compliance in response to
system pressure changes shall be minimized by using a suff flow measurement
system. Rigid tubing, such as metallic or rigid thermoplastic tubing, shall be
Jsed.

5.2.3 Head Losses -- Head losses in the tubes, valves, porous
end pieces, and filter paper may lead to error. To guard against such errors, the
~grmeameter shall be assembled with no specimen inside and then the
~ydraulic system filled. If a constant or falling head test is to be used, the
~ydraulic pressures or heads that will be used in testing a specimen shall te
=oplied, and the rate of flow measured with an accuracy ct 5% or better. This
-z:e of flow shall 2e at least ten times greaier than :he rate ci {icw that s
Teasured when a specimen is placed insice the permeameter ang the same
~ydraulic pressures or heads are applied. If a constant rate of flow test is to be
_sed. the rate of flow to be used in testing a specimen shall be suoplied to the
permeameter and the head loss measured. The head loss without a specimen
shall be less the 0.1 times the head loss when a specimen is present.

5.3 Pemmeamater Cell Pressure System — The system for pressurizing
the permeameter csail shall be capable of applying and controling the ceil
pressure to within 5% of the applied pressure. However, the effective stress on’

® the test specimen (which is the differance between the cell pressure and the-
pore water pressure) shall be maintained to the desired value with an accuracy
ct 10% or better. The device for pressurizing the cell may consist of a reservoir
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-Snneciea 10 the permeameter cell anc pamaily fillea with Ce-aired water, wiin
‘he upper part of the reservoir ccnnectea 1o a compressed gas supply or ciner
z2urce of pressure (see Note 6). The gas cressure snall te centrollea oy a
cressure regulator and measurea Ly a pressure gage, electronic pressure
-anscucer, or any other device capable cf measuring to the prescrnoea
:clerance. A hydraulic system pressunzea Zy ceadweignt acting on a pistcn cr
any other pressure device capable of applying and centrolling the permeameter
cell pressure to the tolerance prescnbed in this paragraoh may be used.

Note € - De-aired water is commonly used for the cell fluid to minimize
cotential for diffusion of air through the rubber membrane into the specimen.
Other fluids, such as oils, which have low gas solubilities are also acceptable,
crovided they do not react with components of the permeameter.

5.4 Permeameter Cell -- An apparatus shall be provided in which the
specimen and porous end pieces, enclosed by a membrane sealed to the cap
and base, are subjected to controlled fluid pressures.

Note 7 -~ The permeameter cell may allow for observation of changes in
height of the specimen, either by observation through the cell wail using a
cathetometer or other instrument, or by monitaring of either a loaging piston or
an extensometer extending through the top plate of the call beanng on the top
ap and attached to a dial indicator or other measurning device. The piston or
=xiensometer should pass througn a busning anc seal incsroorated into the 129
F.ate ana shall be loaged with sufficient force to compensate for cell pressure
acting on the piston tip. If deformations are measured, the deformation indicator
snall be a dial indicater or cathetometer gracuated to 0.3 mm (0.01 in) or better
anag having an adequate travel range. Any other measuring device meeting
these requirements is acceptable.

Note 8 - In order to facilitate gas removal, and thus saturation of the
mydraulic system, four drainage lines leading to the specimen, two each to the
base and top cap, are recommended. The drainage lines shall be controlled by
no-volume-change valves, such as ball valves, and shall be designed to
minimize dead space in the lines.



3.3 Specimen Tcp Cap and Base -- An impermeable, ngia tcp cad
ana base snall be used to suppert the specimen and prowvide for transmission ¢t
carmeant liquidto and from the specimen. T n1e diameter or wiath ¢f the t¢p cao
3ind dase snall be equal to the aiameter or width of the specimen = £3%. Thg
case shall prevent leakage, lateral moti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>