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Attachment AA

Laboratory Test Results



GEOTECHNICAL TEST PITS

The proposed landfill site is located in a remote portion of eastern Chaves County, New
Mexico. The land surface gently slopes to the west. This sloping plain is characterized by low-
relief hummocky wind-blown deposits, sand ridges, and dunes.

A geotechnical field investigation involving the excavation of test pits was conducted by a
TerraMatrix/Montgomery Watson field engineer on August 18, 1997. Five test pits were
excavated to characterize the geotechnical conditions of the surficial sands and Upper Dockum
claystone. Soil samples were also collected from the test pits to conduct soil characterization
tests, recompacted permeability tests, and interface shear strength tests.

Four of the five test pits were excavated within the proposed footprint of the cell and one test
pit was excavated in the area of the proposed evaporation ponds. Figure 1 displays the general
location of the geotechnical field investigation. All test pits were located in the field by onsite
personnel. The upper 6 to 10 feet of each pit was excavated by a D8 CAT dozer. A John
Deere 310D backhoe with an extended boom was then used to excavate the test pits to their
total depth. Total depth of the test pits ranged from 17 to 24 feet. Material types were noted,
as was the presence or absence of moisture or water. Bag and bucket samples were collected
from the backhoe cuttings at various depths as chosen by the field engineer. None of the test
pits encountered a water table. The geotechnical field investigation test pit logs are attached.

Soil samples collected from each of the five test pits were submitted to the laboratory for
material property analysis. The laboratory tests performed included:

Moisture Content (ASTM D2216)

Atterberg (ASTM D4318)

Moisture/Density Relationship (ASTM D1557, D698)
Sieve Analysis (ASTM D422) _

Recompacted Permeability (ASTM 5084

Interface Shear - Direct Shear

Table 1 summarizes the geotechnical field investigation and includes the test pit identification
number, approximate location, sample type, and depth. :



TABLE 1
GANDY GEOTECHNICAL TEST PITS .
Test Pit ID Pit Location (approx.) | Elevation Sample Type Sample Depth
Northing/Easting (feet)
TP-1 IN859650/E645460 Bag 2to03
TP-1 Bag 15
TP-1 Bucket 17
TP2 N861150/E646860 Bag 3 tod
TP-2 Bag 16 to 18
TP-2 Bucket 17
TP3 N859150/E646360 Bag 2
TP-3 Bag 3o 4
TP-3 Bag 6.5
TP-3 ' Bucket 7.5
TP-4 N858850/E645060 Bag S5to7
TP-4 _| Bag 6109
TP-4 Bucket 14
TP-5 N861750/E645660 Bag 6
TP-5 Bag 17
TP-5 Bucket 18

SUMMARY OF LABORATORY TEST RESULTS

A toral of eight samples, one from each test pit and three from test pit number 4, and a
composite sample from test pit 1-4 for the surficial silty sands were tested. All laboratory
testing was conducted by TerraMatrix/Montgomery Watson Laboratories in Steamboat
Springs, Colorado.

Natural moisture content ranged from 7.0% to 12.3%. Atterberg limits indicated a range of
ligid limits of 37% to 46% and plasticity limits of 19% to 40% for the upper Dockum. The
surficial silty sand was found to be non-plastic. The grain size analysis indicated the upper
Dockum is predominantly fine grained with fines ranging from 65% to 99% and sands from 1%
to 35%. The surficial sands had 17% fine material and no gravel sized material. The Caliche
was found to have 5% gravel, 35% sand, and 60% fines which have a liquid limit of 34% and a
plasticity index of 17%. These test results are summarized on the following page, Summary of
Laboratory Test Results.

BEARING CAPACITY

The surficial silty sands were estimated to have a bearing capacity of 4000 psf using the table
presented on page 4.
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SUMMARY OF LABORATORY TEST RESULTS

Sample Location| Natural Natural | Atterberg Limits Gradation Unconfined Unified
- Moisture Dry - — Compressive Soil /Bedrock Descriplion Soil
Tosl Pit | Depin Content Density quid | Ploslicky | Gravel | 'Saha Finas Strength Classification
Hole No. | (Feet) % (%) Umit (%) | ndex (%) ] (%) (x) x) Host (05C3)
Shghtty weathered. dark (eddish biown,
1 17 9.9 37 19 5 95 CLAYSTONE, Irace Sand, lrace calcareous,
Ise), ury CL
2 17 121 54 40 27 73 Fresh 1o shghlly wedingied. 18ddish biown
weak, CLAY and CLAYSTONE, tiace okt
calcarsous [sr), lrace urgancs
Frash to shyhtly wealheied, fedtish t:u:.n T
3 7.5 9.7 36 20 2 98 and grayish green exlremely weak, .
CLAYSTONE, trace calcarsous lini). damp. Gl
Shghtly weathered, dark (eddish brown,
4 14 8.6 39 27 13 8z weak, stranhied. CLAYSTONE, nitle Cl
caicareous (s1), damp =
4 20 70 - % 1 99 — Fresh 10 sightly weainered, dark reddish
Drown. weak Lo medum Sirong, €
CLAYSTONE, uttla sili, damp to moist -
5 18 12.3 46 32 35 65 Fresh 1o shghily wealhered, (eddish Diown,
axtremely weak, SILTY CLAYSTONE, i
Irace hine sand. irace caicaieous Isil
Irace oprgamcs, damp e
1-4 comp NP NV 83 17 Orange Brown, non sltahfied homogeneous,
hine SAND uttle 1o some st damp 5M
4 6-9 34 17 5 35 60 Whitish Pink, non-staulied calcium
- carbonale, clayey sill, dry Io damp ol

Project Name:

Triassic Park

Project Location:

Project No.: 790-12101 |Technician: pcCp

[Dala: 9/10/97

(3 m’nraMatrix

& etsrimbs Tostlag Burriies

SUMMARY OF LABORATORY
TEST RESULTS




TABLE | (continued)
‘resumptive Values of Allowable Bearing Pressures for Spread Foundations

Allowable Bearing
Pressure
Tons Per sq ft.

Type of Bearing Material Consistency Recommended
In Place Value for
Range Use
Homogeneous inorganic clay, Very stiff to hard 3 to 6 4,0
sandy or silty clay (CL, CH) Medium to stiff 1 to 3 2.0
Soft «5 to 1 0.5
Inorganic silt, sandy or clayey | Very stiff to hard 2 to 4 3.0
silt, varved silt-clay-fine Sand | medium to stiff l to 3 1.5
sﬂft 05 to 1 0.5

Notes:

1. Variations of allowable bearing pressure for size, depth and arrangement
of footings are given in Table 2.

«s Compacted fill, placed with control of moisture, density, and lift
thickness, has allowable bearing pressure of equivalent natural soil.

3. Allowable bearing pressure on compressible fine grained soils is
- generally limited by consideratiocuns of overall settlement of structure.

4. Allowable bearing pressure on organic soils or uncompacted fills is
determined by investigation of individual case.

5. If tabulated recommended value for rock exceeds unconfined compressive
strength of intact specimen, allowable pressures equals unconfined

compressive strength.

7.2-143




GENERAL LOCATION: T P-| oaTe: _B//R/97

PIT TREND: ENGINEER: D. (G legsen
FEET
(o} 10° 20 ; 30’ )
0 [ I O O L A A S R S Vo o LEGEND
[ S ! e SOIL HORIZON
P I I SAMPLE LOCATION
i, ~ I HORIZON CONTACT
= g A :
Pt \Q:————_._._.____.___..-—-*——/—-;,-’_
o > SAMPLE No.| DEPTH
N4 Bogoie /5

Ku&iie+ 11

FEET
Sl 2 O O IO
C

20

Ll B bl g ] |

30

SO

uNIT SOIL DESCRIPTION AND EXCAVATION NOTES

j 0—2,’ _ruse "'M,'F;\'\eJSAND‘ S 2 <0 !.’-j Wq.{a‘\ rﬂo.h} ma;'sf-

26 Crmpachcedhsh uensn, 3ol sne clown dsilt sl
CﬁICarEGu_s) 6/\%”‘?-{ yhg-\s‘h Somiz 4 ’-n/,.:_.j/ bames

Z
3 |, -5 Hard, brwwish ved wza_l"i"-éu‘:{;muﬁs’}w-ﬂ-, :/-‘qi"*”/ mo g7
4

@;"7’ ,‘)N ’L"""j'J'MJr b vrarw sk red(), H!{fd'ﬁ./-f‘ e/da-:;;fane.)-l'mcze i
olve Jdasstoa, shisl Hy no'st

SPECIAL NOTES:

Ni weder encoustond
Pocket peneteometer meqed ot ot 7-8'

Proyect, No.. Design 8y: Scale:

File: = Drawn By: Date: -I"C ;a 5 S I\C Pﬂ r K L-‘ﬂ\d f; ‘ l

TerraMatrix |™ ™" !
ey P Gore e £ 0. s 178 Figure No. T-EST P ‘T‘ .d:' ,

Tlewmast Sasgs. Coaress B047T




GENERAL LOCATION: T P-Z oATE:  5//8/97

PIT TREND: ENGINEER: 1o 41 ]@ ason
FEET
0 10' 20' 30|
o I!'!1"'l'!'i=.:iil:||-'r'!!|| LEGEND
7] \ SOIL HORIZON
= SAMPLE LOCATION
7 — HORIZON CONTACT
] Z
i SAMPLE No.| DEPTH
o - Begpa [10<
— . Bagad /o' /8
el i o, + ]
- = acke )7
= = =
%
753 - 2
W :
= i
20 i
X 5 }
2 /
--h_______,l/
30"
et SOIL DESCRIPTION AND EXCAVATION NOTES
) 0-2' Lwse, Tor, Firne | SANT [ somie silt,wH coots
ﬁu}'\.ﬁ'
Z -')0 r-'-f-wwe ‘h&v\J r cw‘clracus C.LA / UJ“H l'\'M 5M4? s)is 7 ,
moist v
o~ 1 = o
% O'-lb Domse, b ewm , net e nl.m-,wr-fhm Tome ST, (4
COM s 3L _1 £ s ,w,sf {]{ mh‘:‘f' f'
1 " W/ L mD ’5
3 }b“zo 5/,9&%’: ,&t?g&‘st‘#C—,'.ﬂnm ; St ‘f CL’!/
5 .'?.dr ”cwf bown o 1™ 5’“’”"’% slet, moist
SPECIAL NOTES:
Mo waler encows feus
Project No, Design By: Scale:
wL . :] L3
File: Drawn By: Date: _7’):‘ 1ass 1 Pa_rL L—ﬁhd'p\ l\

Test Pit No: z.
e TE-T P\T ¥ 2

Srarenest Sereqn, Teortas 80477




GENERAL LOCATION: T £— 2 _ DATE: ”//6/4 7
PIT TREND: . ENGINEER: _> é lepson

(o]

AL A A ST SN NS O S N A S N S I O O O N O O A A R I LEGEND

1 O O Y O A

) , SOIL HORIZON
S : SAMPLE LOCATION
; HORIZON CONTACT

o / SAMPLE No.| DEPTH

FEET

|

" | Bagect |34 d]

5
.5

>
3
1
SO SN

T I B |

30’

SoiL
UNIT

SOIL DESCRIPTION AND EXCAVATION NOTES

0-2" Lovse Tav , Pine SN o0 e 67 [F w/roots, moist
2'- _c' S‘*‘M,wkﬁﬁk‘}'u, Ver/ codequgus CLHY, w ith 5\’+Md’5ﬂ"d S

qrwj 4 enbbles , 5lighty oiat
’, 5t ‘{'\‘p { i 5h Brwﬂ\ sa~Jy CLAf, seme s |t

! /
5 Shﬂﬂyha..f ~aid gk Graa ’/3[ 1/ wtolhed CLAY‘ST!;JfL

51 T5Towe 6/\4’/{“/ hi)'ﬁ‘f blbcgy q-f?&h<«\—l‘}f"" 5,

| Lrrta |
vs 14" | puhord broeaish red | siTsTONE 5/.9/J//morsf'

%3
I

.5

SPECIAL NOTES:

No Wﬂf@’) MCJU«L%WJ
Pac.KCf‘P-WC'fTrmd‘!r mesed ot o 10 —\5

Project No,:

Design By: Scale:

File:

gol Orawn By: | Date: Tf § AsSS 1 C P& \4 K L@V\A '("\ ‘ \

Tt |~ | TEST PIT % 3

Ergnoarng & Cawennental Borvisey .
1005 Dy Crtve Voot B 0. Sen 170008 Figure No.
Slewmbout Sormqe, Caueress 20477




GENERAL LOCATION: T F-4 DATE: _ B//8/77
PIT TREND: ENGINEER: \u G 120 <=~
FEET
0 10' 20" 30’
5 BEAL ! Lyl O O O A O LEGEND
— SOIL HORIZON
—4 . SAMPLE LOCATION
i s ¥ 4 HORIZON CONTACT
] 2 / SAMPLE No.| DEPTH
. £ tmg _'ff'h'f 7'
10 7] _\,__Tf _Zéé’tl ’91‘1 Q'
] B | Boucwot | 14
e 3 : | Boget | 20
“ - SO,
- 1
- 4
20° .
30"
SoiL SOIL DESCRIPTION AND EXCAVATION NOTES
UNIT
| 0 -b ! Loose 1o ol } TLM,; Fine , SAUD , Some =0T rods
+o ‘5", moiﬁ'f' ;
2 folu slighy it o stilE Wk tan calearioue \CLA] with sa-d
- o= ; [/ //‘n‘ I“/ Mu;5+
and Q'fw"g Lome coblies, 31t ty ol
' - INE | mAdSTONE | 5119
2 ”‘-Jb ..':/igﬂﬂy )VMJJ VM 'M'WM; CLAYs e/ 7
mo st
W22 Hoddy vy hancd, 1 ed h o S 1T sronE, draca clay,
4— 1 *'5h'6"7“? 6;{_’{570&/?: Jerees

SPECIAL NOTES:

Ah Waﬁ‘l Muﬂfwd
Pocket Pmﬁ‘romni‘er weox.edl

ot ot §-6.5

Project No.. Design By: Scale:

File: e Drawn By: Data: _ﬁ' \ ASS !-_é.. P«Y \L L—Md "p; ,,
TerraMatrix |™ ™" 4 '
Tt ET—e s | Figure Mo TEST AIiT 4



GENERAL LOCATION: T F=5 DATE: _&//8/97

PIT TREND: ENGINEER: D, (3/@ A som
FEET
O°’“§’(3°"f’.%°' LEGEND

—"\ | # SOIL HORIZON

B SAMPLE LOCATION

- y HORIZON CONTACT

’ 2z vl

. 4

7 SAMPLE No.| DEPTH
G — _?)u.clc.f 6"

o 5 Ba?:-ir..- 11

: I E{M‘_k&{- 18'
i E 4 5 /
20" i‘
30’ —
33'"1: SOIL DESCRIPTION AND EXCAVATION NOTES
| 0-2" Loose,Tan Fing SAUD | Some 5 /[T, moist w/ roots
z 2-7" Dense i by ouwm ‘o h recf, Fine .5'1”‘\{ SAND 5/4/ moist
2, '..,;" sS4, browm |, (Hlsasua (_LM W ith SHD | s 74/4/ b0 57"

anrel c&k{ lense
lc ﬁs‘fbﬂ., s/ wmes
s pl!'lﬂ AWJ:MW WJS /L/ % )’
o gz sl hard, Peddish brow candy 51075 OME
SPECIAL NOTES:
No waley encovntered ‘
Poclet porctrometer mared onk o 1317
Project No.: Design By. Scale:

File:

Drawn By: Date: : ﬁ" \A S8 C., Pq ﬂ( Lamd ‘C\ \ l

TervaMatrix |™* ™" 5

S Soe Cave Aew 20 20 174008 Figure No. 'rg,s-r" PIT = 5




INTERFACE TESTING

An interface shear testing program was conducted as outlined below:

The testing program consisted of the following:

Three direct shear tests of the entire liner section run at three different normal loads of 2000
psf, 8,000 psf. and 14,000 psf.
The liner section consists of the following (from top to bottom, see attached figure):
e Protective soil
Geocomposite
Textured HDPE Geomembrane
GCL (non woven side up, in contact with textured HDPE)
Recompacted clay subgrade

The GCL was be saturated for a minimum of 72 hours under a normal load of 200 psf prior to
testing.

The protective soil was be compacted at a moisture content of approximately 7% and to a dry
density of approximately 95 pcf.

The recompacted clay subgrade was compacted at a moisture content of 12.2% and to a dry
density of 114.3 pcf.

The liner section was assemblied and allowed to sit for 1 to 2 hours under the normal loads
specified prior to shearing.

The shear rate was 0.04 cm/sec.

The results of the testing program are presented on pages 2 and 3.
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P.O. Box 774018

Steamboat Springs, Colorado 80477

Subject:  Final Report
Interface Direct Shear Testing
TerraMatrix Project No. 602

Dear Mr. Pellicer:

GeoSyntec Consultants (GeoSyntec) is pleased to present the enclosed final report on the
interface direct shear testing performed for TerraMatrix Montgomery Watson (TerraMatrix) for the
TerraMatrix Project No. 602. The testing program was conducted in accordance with the test
procedures defined in the 3 October 1997 letter prepared by Mr. Paul Pellicer of TerraMatrix and
transmitted to Mr. Robert H. Swan, Jr. of GeoSyntec. All of the interface direct shear testing was
conducted at GeoSyntec’s Soil-Geosynthetic Interaction Testing Laboratory located in Atlanta, Georgia.

GeoSyntec appreciates the opportunity to provide laboratory testing services to TerraMatrix for

the TerraMatrix Project No. 602. Should you have any questions regarding the enclosed report, please
do not hesitate to contact any of the undersigned.

Sincerely,

Zeéng Yum (Georgia)

Assistant Program Manager

H. Swan, Jr.

ALy R

Gary R. Schmertmann, P.E. (Georgia)

Senior Project Engineer
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L. INTRODUCTION

This report was prepared by Mr. Robert H. Swan, Jr. and Dr. Zehong Yuan, P.E.
(Georgia), both of GeoSyntec Consultants (GeoSyntec), Atlanta, Georgia. The report
was reviewed by Dr. Gary R. Schmertmann, P.E. (Georgia), also of GeoSyntec, in
accordance with the internal peer review policy of the firm. The laboratory testing
program described in this report was performed at the request and authorization of Mr.

Paul Pellicer of TerraMatrix Montgomery Watson (TerraMatrix), Steamboat Springs,
Colorado.

TerraMatrix authorized GeoSyntec to undertake a laboratory testing program to
evaluate the interface shearing resistance between two site soils (i.e., protective soil and
clay subgrade soil) and three geosynthetic materials (i.e., geomembrane, geocomposite,
and geosynthetic clay liner (GCL)) for the TerraMatrix Project No. 602. GeoSyntec
understands that the sample preparation procedures and testing conditions used in the
testing program were selected by Mr. Pellicer of TerraMatrix to model anticipated field
conditions. All of the interface direct shear testing was conducted at GeoSyntec’s Soil-
Geosynthetic Interaction Testing Laboratory located in Atlanta, Georgia.

2. TESTING PROGRAM

2.1 Scope

The testing program consisted of two interface direct shear test series. Each
interface direct shear test series consisted of three tests.

2.2 Testing Methods

The interface direct shear tests were performed in accordance with the American
Society for Testing and Materials (ASTM) Standard Test Method D 5321, "Derermining
the Coefficient of Soil and Geosynthetic or Geosynthetic and Geosynthetic Friction by
the Direct Shear Method". The tests were conducted in a large direct shear device
containing an upper and lower shear box. The upper shear box measured 12 in. by 12
in. (300 mm by 300 mm) in plan and 3 in. (75 mm) in depth. The lower shear box
measured 12 in. by 14 in. (300 mm by 350 mm) in plan and 3 in. (75 mm) in depth.

GLI0O406/SGI97133 1 971211
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2.3 nthetic an il i

The geosynthetic and soil materials used in the testing program are presented in
Appendix A. The soil materials were provided to GeoSyntec by TerraMatrix.
TerraMatrix arranged to have each geosynthetic manufacturer ship their geosynthetic
materials directly to GeoSyntec for testing.

2.4 Test Configuration and Procedures

The configuration of the test specimens and the specific test procedures used to
conduct the interface direct shear tests are presented in Appendix B. GeoSyntec
understands that the test procedures and test condmons were selected by TerraMatrix
to model anticipated field conditions.

3. TEST RESULTS

3.1 Failure Modes

For Test Series 1, sliding (i.e., shear failure) was observed to occur at the
interface between the nonwoven geotextile of the GCL and the geomembrane for the
test conducted at the normal stress of 14 psi (98 kPa), and within the GCL for the tests
conducted at normal stresses of 56 and 100 psi (392 and 700 kPa). For Test Series 2,
shear failure was observed to occur at the interface between the protective soil and the
geocomposite for the test conducted at the normal stress of 100 psf (5 kPa), and at the
interface between the woven geotextile of the GCL and the clay subgrade soil for the
tests conducted at normal stresses of 300 and 500 psf (15 and 24 kPa).

3.2 Data Presentation

For each of the interface direct shear tests, the total-stress shearing resistance was
evaluated for each applied normal stress. The test data were plotted on a graph of
shear force versus horizontal displacement. The resulting plots are presented in
Appendix C. ‘The peak value of shear force was used to calculate the peak shear
strength. For this report, the large displacement shear strength (r;5) was calculated
using the shear force measured at the end of each test. No area correction was used
when computing normal and shear stresses because each test was performed using a
constant effective sample area (i.e., the area of the geosynthetic specimen and/or lower
shear box was larger than that of thc upper shear box).

GLI0406/8GI97133 2 97.12.11
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The calculated shear strengths were plotted on a graph of shear stress versus
normal stress and the results were used to evaluate total-stress peak and large
displacement shear strength envelopes. A best-fit straight line was drawn through the
data points from each test series to obtain the corresponding total-stress peak and large
displacement shear strength friction angles and adhesions. The coefficient of
correlation (R?), a standard statistical indicator of how well the best-fit line matches the
test data, was obtained for each best-fit line. The summary plots of shear stress versus
normal stress for each test series are also presented in Appendix C. The friction

angles, adhesions, and R? values derived from the plotted test results are presented in
Table 1.

For each test series, it is noted that the reported total-stress shear strength
parameters of friction angle and adhesion were determined based on the best-fit straight
line drawn through the test data on a plot of shear stress versus normal stress. Caution
should be exercised in using these shear strength parameters for applications involving
normal stresses outside the range of stresses covered by each test series.

4. CLOSURE

The reported results apply only to the materials and test conditions used in the
laboratory testing program. The results do not necessarily apply to other materials or
test conditions. The test results should not be used in engineering analyses unless the
test conditions model the anticipated field conditions. The testing was performed in
accordance with general engineering testing standards and requirements. This testing
report is submitted for the exclusive use of TerraMatrix.
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TABLE 1

INTERFACE DIRECT SHEAR TEST RESULTS
MEASURED TOTAL STRESS SHEAR STRENGTH PARAMETERS
TERRAMATRIX MONTGOMERY WATSON
TERRAMATRIX PROJECT NO. 602

Test Serles . Normal Peak Strength™ Large Displacement Strength®~ Reference
Number Interfaces Tested'™ Siress Appendix Figure
Numbers
Friction | Adbesion R? Friction | Adbesion R?
L - Angle {psh Angle (psh
1 Protective Soil/NSC TN3002-1125 Geocomposite/60-mil NSC Textured 14 10 100 pai 9 650 0.951 " L 440 0.977 C-l and C-2

HDPE Geomembrane/Hydrated Bentofix NS GCL with Nonwoven Geotextile
IAgainst Geomembrane/Clay Subgrade Soil Under Consolidated Conditions

2 E:zliu Soil/NSC TN3002-1125 Geocomposite/60-mil NSC Textured 100 o 500 psf 33 18 0.999 3 15 1.000 C-3 and C4

DPE Geomembrne/Hydrated Bentofix NS GCL with Noawoven Geotextile
inst Geomembrane/Clay Subgrade Soil Uader Consolidated Conditions

Notes: (1) See Appendix B for detailed test conditions and procedures. For each test, sliding (i.¢., shear failure) was observed lo occur at a specific interface or within the GCL as described in Section 3 of the report.

(2) The reported total-siress shear strength parameters for each lest series were determined from a best-61 line drawn through the lest data. Caution should be exercised in using these shear strength paramciers

for spplications involving normal stresses outside the range of stresses covered by cach test series. The value of R, the coefTicient of correlation, provides an indication of how well the best-fit shear strength
paramelers match the test data.

(3) The large displacement shear strength (7, ,) was calculaied using the shear force meamured at the end of each test.
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Geosynthetic Materials

Three geosynthetic materials were used in the testing program. These materials
are referenced by name in this report, and include:

e  60-mil (1.5-mm) thick National Seal Company (NSC) textured high density

polyethylene (HDPE) geomembrane, referred to as 60-mil NSC textured
HDPE geomembrane;

e NSC TN3002-1125 geocomposite consisting of a Trevira 1125 nonwoven
geotextile heat-bonded to each side of a NSC PN3000 geonet component,
referred to as NSC TN3002-1125 geocomposite; and

e NSC Bentofix NS GCL consisting of a woven geotextile on one side of the
bentonite component and a nonwoven geotextile on the other side of the
bentonite component, needle-punched and thermally-locked together forming
the finished product, referred to as Bentofix NS GCL.

TerraMatrix arranged to have NSC ship the bulk samples of the three geosynthetic
materials directly to GeoSyntec for testing.

Soil Materials
Two site soil materials (i.e., protective soil and clay subgrade soil) were used in

the testing program. Bulk samples of the two soil materials were obtained from the
project by TerraMatrix and provided to GeoSyntec for testing.
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 1

Test Specimen Configuration (from top to bottom) and Placement Coanditions:

upper shear box: protective soil initially placed at a dry unit weight of 94.9 to 95.0 pcf and a moisture
content of 6.7 to 6.8%. Final moisture content ranged from 6.2 to 6.5% for the test series:

NSC TN3002-1125 geocomposite;
60-mil NSC textured HDPE geomembrane;

Bentofix NS GCL with nonwoven geotextile against geomembrane. GCL's initial moisture content
was 13.0%. GCL's final moisture content ranged from 73% to 90% for the test series; and

lower shear box: clay subgrade soil initislly placed at a dry unit weight of 114.1 to 114.8 pef and a
moisture content of 12.3 to 12.6%. Final moisture content ranged from 12.6 to 13.8% for the test
series. :

Test Interface:  upper soil against gaocompdsite against gecomembrane against GCL against lower soil.

Test Procedures for Each Normal Stress Condition:

GCL Hydration: & fresh specimen of GCL was trimmed from the bulk sample and hydrated in tap
water for 72 hours under a normal stress of 200 psf.

A fresh specimen of the lower soil was compacted into the lower shear box. The initial target dry unit
weight and moisture content were 114.3 pef and 12.2%, respectively, as specified by TerraMatrix.

The hydrated GCL specimen, and fresh specimens of gcomembrane and geocomposite trimmed from

- each bulk sample were placed on top of the lower soil, but not attached to either of the lower or upper

shear boxes. The GCL was oriented so that the nonwoven geotextile component of the GCL was in
contact with the geomembrane. With this method of specimen preparation, shear failure would likely
occur at the weakest interface within the test cross section,

A fresh specimen of the upper soil was compacted directly on top of the geocomposite. The initial
target dry unit weight and moisture content were 95.0 pef and 7.0%, respectively, as specified by
TerraMatrix.

Consolidation conditions: the entire test specimen was consolidated for 1 hour under each test normal
stress prior to being sheared.

Test normal stresses: 14, 56, and 100 psi.
Constant shear displacement rate: 0.04 in/min.

The direction of shear for each interface direct shear test was in the direction of manufacture (machine
direction) of the geosynthetic samples.

Each test was sheared until a minimum total shear displacement of 2 in. was achieved.
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TEST PROCEDURES AND CONDITIONS
TEST SERIES NUMBER: 2

Test Specimen Configuration (from top to bottom) and Placement Coaditlons:

upper shear box: protective soil initially placed at a dry unit weight of 95.1 to 95.5 pcf and a moisture
content of 6.5 to 6.9%. Final moisture content ranged from 6.2 to 6.3% for the test series;

NSC TN3002-1125 geocomposite;
60-mil NSC textured HDPE geomembrane;

Bentofix NS GCL with nonwoven geotextile agsinst geomembrane. GCL's initial moisture content
was 12.8%. GCL's final moisture content ranged from 86 % to 98% for the test series; and

lower shear box: clay subgrade soil initially placed at a dry unit weight of 113.9 to 114.3 pcfand a
moisture content of 12.0 to 12.5%. Final moisture content ranged from 12.8 to 13.5% for the test
series. :

Test Interface:  upper s0il against geocomposite against geomembrane against GCL against lower soil.

Test Procedures for Each Normal Stress Condition:

GCL Hydration: a fresh specimen of GCL was trimmed from the bulk sample and hy&naad in tap
water for 45 hours under a normal stress of 200 psf.

A fresh specimen of the lower soil was compacted into the lower shear box. The initial target dry unit
weight and moisturc conteat were 114.3 pef and 12.2%, respectively, as specified by TerraMatrix.

The hydrated GCL specimen, and fresh specimens of geomembrane and geocomposite trimmed from
each bulk sample were placed on top of the lower soil, but not attached to cither of the lower or upper
shear boxes. The GCL was oriented so that the nonwoven geotextile component of the GCL was in

contact with the gecomembrane. With this method of specimen preparation, shear failure would likely
occur at the weakest interface within the test cross section.

A fresh specimen of the upper soil was compacted directly on top of the geocomposite. The initial
target dry unit weight and moisture content were 95.0 pcf and 7.0%, respectively, as specified by
TerraMatrix.

Consolidation conditions: the entire test specimen was consolidated for 1 hour under each test normal
stress prior to being sheared.

Test normal stresses: 100, 300, and 500 paf.
Constant shear displacement rate: 0.04 in/min.

The direction of shear for each interface direct shear test was in the direction of manufacture (machine
direction) of the geosynthetic samples.

Each test was sheared until a minimum total shear displacement of 2 in. was achieved.

GLIO406/SGI97133 2 97.12.11



APPENDIX C

TEST RESULTS



TERRAMATRIX MONTGOMERY WATSON
INTERFACE DIRECT SHEAR TESTING
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TERRAMATRIX MONTGOMERY WATSON
INTERFACE DIRECT SHEAR TESTING
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TERRAMATRIX MONTGOMERY WATSON
INTERFACE DIRECT SHEAR TESTING
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GCL and the clay subgrade soail,
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TERRAMATRIX MONTGOMERY WATSON
INTERFACE DIRECT SHEAR TESTING
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Attachment BB

Engineering Calculations
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. REGION 6
%’&Mj " 1445 ROSS AVENUE, SUITE 1200

DALLAS, TX 75202-2733

Y » YA UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
7]
<

March 14, 1996

Mr. Benito Garcia, Chief
Hazardous and Radioactive Bureau
New Mexico Environment Department
P.O. Box 26110

Santa Fe, New Mexico 87502

RE: Gandy Marley Inc., Triassic Park Hazardous Waste Facility,
Part B Application and the Corresponding Revisions

Dear Mr. Garcia:

The Environmental Protection Agency (EPA) has completgd a
technical review of the landfill design for Gandy Marley Inc. and
has determined that it meets the requirements of 40 CFR 264.300
thru 264.317. If you have any further questions, please contact
Mr. Rich Mayer at (214) 665-7442.

Sipgerely yours,

predo M aypd

David Neleigh, Section Chief
New Mexico - Federal Facilities

Recycled/Recyclable « Prinisd with Vegeabie OF Based inks on 100% Recycied Paper (40% Posiconsumer)



State of New Mexico

ENVIRONMENT DEPARTMENT
Harold Runnels Building
1190 St. Francis Drive, P.O. Box 26110

Santa Fe, New Mexico 87502 MARK E. WEIDLER
(505) 827-0169 SECRETARY
GARY E. JOHNSON EDGAR T. THORNTON, /I
GOVERNOR DEPUTY SECRETARY

DATE: March 11, 1996

MEMORANDUM

TO: Bob Sweeney, Hazazdous Waste Bureau
FROM: Rich Stafford,” Solid Waste Bureau

SUBJECT: Triassic Park liner and cover design
HELP model review

The HELP model output files dated February 28, 1996 submitted by
TerraMatrix in a report dated March, 1996 in fulfillment of the
requirements for an alternate liner demonstration show a leakage
rate of 0.008 cubic feet per year and 0.002 cubic feet per year for
the bottom and the slope, respectively. The comparable values for
the §264.301(c)(1)(1)(B) liner are 2.587 and 0.042. This satisfies
the "alternative design” requirement of §264.301(b).

Attached are the final cover HELP model output files submitted by
TerraMatrix on March 8 and 9. The copy received by the Solid Waste
Bureau by FAX dated March 9 is modeled with (1) a minimum grade of
5%, (2) a maximum drainage distance of 1000 feet, and (3) poor
grass. This cover shows an infiltration rate through the FML of
0.001 cubic feet per year. This is less than the percolation rate
through the alternate liner, 0.008 cubic feet per year through the
bottom and 0.002 on the slope, and thus meets the requirements of
§264.310(5).

Please note these comments are restricted to the demonstrations
required by §264 and do not specifically address the other design
items we discussed last week. It is my understanding the Solid
Waste Bureau has nc further outstanding issues pertaining to the
Triassic Park facility.

xc: Dale Gandy, Gandy Marley, Inc.
John J. Kendall, TerraMatrix
Mark Weidler, NMED Secretary
Pete Maggiore
Ed Kelley
Gerald Silva
J. David Duran

attachments



Prepared for:

Gandy Marley, Inc.
P.O. Box 872
1109 E. Broadway
Tatum, NM 88267

Triassic Park Hazardous Waste Facility Landfill

Alternative Liner System HELP Analysis
{Revision 1)

March 1996

Prepared By:

TerraMatrix Inc.
Engineering and Environmental Services
165 South Unioa Boulevard, Suite 460
Lakewood, Colorado 80228
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1.0 INTRODUCTION

In conjunction with engineering design and permitting tasks associated with the Gandy Marley Incorporated
Triassic Park Hazardous Waste Facility RCRA Part B Permit Application, TerraMatrix Inc. has conducted a
hydrologic evaluation of a potential landfill liner design alternative. This analysis was performed using the
Hydrologic Evaluation of Landfill Performance (HELP) model, a computer program developed by the United
States Environmental Protection Agency (EPA). Contained herein are descriptions of the liner alternatives, a
discussion of the HELP program input parameters and modeling methodologies employed, and a discussion of
the modeling results.

1.1 BACKGROUND

The proposed‘Triassic Park Facility is a full service hazardous waste treatment, storage, and disposal facility.
Its primary disposal unit will be a large multi-phase lined landfill with an expected life of 30 years. A conceptual
design for the proposed landfill liner system and a request and justification for a waiver from minimum
technology requirements (MTR) was submitted in the RCRA Part B Permit Application. Per the request of
Gandy Marley Inc., an additional waiver justification report was prepared and submitted to the New Mexico
Environmental Department (NMED) to clarify hydrologic concerns related to the liner. Following review of these
documents, NMED rejected the original proposed landfill liner presented in the Part B Application. TerraMatrix
then prepared an analysis of five potential liner alternatives using EPA’s HELP model, three of which were shown
to provide equivalent leakage protection as the MTR liner system. This report, revision 1 of the above mentioned
HELP analysis, presents the alternative landfill liner design selected by Gandy Marley, Inc. and the Revision 0
results of the hydrologic modeling conducted to compare its effectiveness in preventing leakage of hazardous
constituents to that of the MTR liner system defined in 40 CFR 264.301(c). This report presents an alternative
cover performance demonstration requested by NMED.

1.2  HELP PROGRAM DESCRIPTION

The HELP model is a computer program which models the water movement into, through, and out of landfills.
The model accepts climatic, soil, and design data, and utilizes a solution technique that accounts for the effects
of surface storage, run-off, infiltration, percolation, evapotranspiration, soil moisture storage, and lateral drainage.
Landfill systems including various combinations of vegetation, cover soils, waste cells, special drainage layers,
and low permeability barrier soils, as well as, special synthetic membrane covers and liners, may be modsled.

HELP was developed by the U.S. Army Corps of Engineers Waterways Experiment Station (WES) for the EPA
Municipal Research Laboratory, Cincinnati, OH. HELP Version 3.04a dated July, 1995 was used in this analysis.
HELP version 3.03 dated December 1994 was used in the Revision 0 analysis. The latest version, HELP Version
3.04a, incorporates new weather data handling capabilities , drainage layer routines, peak daily head routines,
and evapotranspiration routines.

1.3 REPORT ORGANIZATION

Including this section, this report is organized into seven Sections. Section 2.0 presents the landfill liner designs
including detailed descriptions of the construction materials contemplated. Section 3.0 discusses the HELP
modeling methodologies used to evaluate the liner altemative and MTR. Section 4.0 presents the HELP inputs
and selection rationale. Section 5.0 discusses the HELP analysis results. Section 6.0 preseats the conclusions
of the analysis and Section 7.0 presents report references. Summary tables, figures, and appendices follow the

report |
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2.0 TRIASSIC PARK LANDFILL LINER ALTERNATIVES

The liner designs considered in this analysis include the RCRA Subtitle C minimum technology liner system
described in 40 CFR 301 and proposed altemative. Figures 1 and 2, following the text, illustrate the slope and
floor liner material components for cach design approach.

The MTR consists of primary and secondary liners with leachate collection and removal systems (LCRS) above
and between the liners. The LCRS system between the liners is also referred to as a leak detection system (LDS).
The LCRS and LDS drainage systems consist of a sand drainage layer surounded by geotextile filter fabric where
required. The primary barrier layer consists of a single flexible membrane liner (FML). The secondary barrier
layer is a composite liner consisting of 3 feet of compacted clay overlain by an FML.

ﬂw proposed alternative is a double high density polyethylene (HDPE) liner design with LCRS and LDS which

incorporate geocomposite drainage layers instead of sand geotextile layers. Additionally, a geosynthetic clay liner
(GCL) and a 6 inch layer of prepared subgrade is used instead of 3 feet of compacted clay in the bottom barrier

layer.

The cover design shown in Figure 3 consists of, from the top down, a vegetative cover, a geocompbsitc drainage
layer, a HDPE flexible membrane cover (FMC), a GCL, 6 inches of prepared subgrade, and 1.5 feet of cover soil.
It should be noted that a GCL in combination with 6 inches of prepared subgrade is substituted for a processed
clay layer in the cover section.

The sections below present additional design details and discuss the materials contemplated for use in each
alternative,

2.1 RCRA SUBTITLE C MINIMUM TECHNOLOGY LINER SYSTEM

40 CFR 301(1XT) defines what is nominally referred to as the minimum technology liner system , or MTR. The
liner system must include the following:

. A top liner (e.g., a geomembrane).

. A composite bottom liner, consisting of at least two components (¢.g., 3 geomembrane upper
component with a 3 foot thick clay bottom layer with a maximum hydraulic conductivity of
1x10"cmy/sec).

. A LCRS on top of the top liner and a leachate collection and detection system between the liners
(also referred to as a LDS).

The MTR system presented in this analysis consists of the following components, from the top down:
. A 2 foot protective soil layer.
. LCRS: geotextile - 1 foot thickness of drainage sand - geotextile (optional) .
. FML top liner: HDPE.
. LDS: geotextile - 1 foot thickness of drainage sand - geotextile (optional).
. Composite bottom liner: HDPE - 3 foot clay layer (1x107cm/sec). |

ey TerraMatriz Inc. * 165 South Union Boulevard, Suite 460 * Lakewood, Colorado 80228 * (303) 763-5140
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2.2 PROPOSED ALTERNATIVE LINER SYSTEM

The proposed altemative is a double liner system similar to MTR with material substitutions made for the bottom
clay barrier layer and the LCRS and LDS drainage layers. A GCL replaces the 3 foot thick clay layer in the MTR
and 6 inches of prepared subgrade is included below the GCL for structural support. The sand/geotextile LCRS
and LDS drainage layers are replaced with geotextile/geonet/geotextile materials. The protective soil and FMLs
are as described above in the MTR design.

The geocomposite drainage material contemplated for all alternatives consists of a non-woven geotextile bonded
to a geonet webbing. The geotextile component of this material acts as a filter allowing moisture to pass to the
geonet while keeping soil sediments out. Moisture flows along the ribs of the geonet transporting water to the
sump collection areas. The geocomposite provides an effective drainage medium with transmissivities in the
order of 1x10” m%sec. Sand matenial can be processed to achieve hydraulic conductivities of 1x10-cm/sec while
gravels can achieve 10.0cm/sec. Because the geonet and geotextile materials are essentially inert, they offer
greater resistance to clogging due to biological activity or chemical reactions with leachate than do sand and
gravel materials which typically contain small factions of organic materials. Sand and gravel layers, however,
offer a greater cushioning to the FML than do geocomposites which under very high loading conditions (which
are not expected for the Triassic Park Landfill) can deform the FML.

2.3 COVER

40 CFR 264.310 outlines several performance criteria which landfill cover designs must meet once constructed.
These critenia include the following:

. Provide long term minimization migration of liquids through the closed landfill;

. Function with minimum maintenance;

. Promote drainage and minimize erosion or abrasion of the cover;

. Accommodate settling and subsidence so that the cover’s integrity is maintained; and,

. Have a permeability less than or equal to the permeability of any bottom liner system or natural
subsoils present

The cover design proposed here for the Triassic Park Landfill was used in this HELP analysis. It consists of the
following components, from top down:

2 foot thick vegetative cover layer

Geocomposite drainage layer: geotextile/geonet
Flexible membrane cover: HDPE

Geosynthetic clay liner (geotextile/bentonite/geotextile)
6 inches of prepared subgrade

1.5 foot thick cover soil

This cover section differs from the cover section originally presented in the Part B Application. In this case, a
GCL and 6 inches of prepared subgrade replaces a 3 foot layer of processed clay. Because this clay is near to
the surface in a cover application, it may be subject to desiccation and frost cracking. This problem is avoided
with the use of a GCL.
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3.0 HELP ANALYSIS METHODOLOGY

The HELP modeling approach used to evaluate the hydrologic performance of the proposed liner alternative and
MTR follows the NMED’s Draft Guidance Document for Performance Demonstration for an Alternative Liner
- Design Using the HELP Modeling Program Under the New Mexico Solid Waste Management Regulations (20
NMAC 9.1). This approach was selected because it allows a direct comparison between MTR and an alternative
liner system, the results can be used to demonstrate performance equivalency required under 40 CFR 264.30 1(d).
This methodology is paraphrased below. A complete version of these protocols is presented in Appendix C.

3.1 ALTERNATE LINER EQUIVALENCY DEMONSTRATION METHOD

L. In order to demoustrate that the alternative liner design provides equivalent protection as the MTR composite
liner, a computer modeling analysis of the MTR and the proposed alternative liner must be performed.
Equivalent protection in terms of leakage through the secondary liner must be demonstrated through a comparison
of the alternative liner with the MTR.

2. Justification for all input parameters in the model must be provided. Characteristics of soils proposed for the
construction and operation of the landfill and the parameter values used in the model must be consistent. Soil
and waste moisture content parameters as well as gcomembrane liner data and storm water run-off fraction must
also be consistent with the expected conditions and materials contemplated for use.

3. Actual design conditions and operation development of the landfill must be simulated as closely as possible
by doing a succession of model simulations. This succession must attempt to simulate moisture conditions in
the landfill by using the previous simulation’s moisture content output as the input for the following simulation.
The duration of the simulation periods must be consistent with the landfill’s expected filling rates as follows:

3.1 Initial simulation of the open landfill at start-up when landfill has little to no waste. The time period
should extend for the anticipated duration of this condition, a minimum of one year and a probable
maximum of five years.

3.2 A succeeding simulation to mode! conditions of the partially full landfill for some anticipated time
period, most probably five vears. This would incorporate daily cover and intermediate cover.

3.3 Perform subsequent computer simulations to model the landfill in the closed condition for the
duration of the entire post-closure care period.

3.3.1 Model bare ground for the time period expected until vegetation becomes established.
3.3.2 Model the vegetated condition for the remainder of the post-closure care period.

4. Compliance with the regulatocy requirement of not exceeding a 12-inch hydraulic head on the bottom liner
must be demonstrated given design drainage layer slopes and drainage distances.

S. If the infiltration through the alternative liner system for the simulation(s) is less than or equal to mﬁltntmn
through the MTR liner system, then these HELP Model simulation(s) will serve to demonstrate equivalent
performance of the alternative liner system compared to the MTR.

Poyooygodivad TerraMatriz Inc. ® 165 South Union Boulevard, Suite 460 * Lakewood, Colorado 80228 ® (303) 763-5140
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In addition to demonstrating performance equivalency with MTR, the performance of the proposed alternative
liner must also be compared to the performance of the proposed final cover. 40 CFR 264.310 (a) (5) requires
that the final cover must be designed and constructed to have a permeability less than or equal to the permeability
of any bottom liner system or natural subsoils present.

3.2 ALTERNATE COVER DEMONSTRATION METHOD

As in the above case, a proposed alternate landfill cover must achieve the equivalent protection as the liner. If
an alternative final cover is proposed for the landfill, it must be demonstrated that the proposed final cover design
includes an infiltration layer that achieves an equivalent reduction in infiltration as the bottom liner. A HELP
Model simulation comparison is acceptable for this demonstration for a 5 year period with vegetation.
Precipitation, evapotranspiration, temperature, and solar radiation data must be site specific and identical for both
liner and cover design simulations. Justification for all input parameters in the model must be provided. It is
expected that the cover’s design slopes and run-off distances will be modeled.

Further descriptions of the HELP program inputs for both of these modeling approaches is presented in Section
4.0, '
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4.0 HELP PROGRAM INPUTS

Inputs for the HELP program are made in a series of data files which the main program uses during its simulation
runs. Default inputs are available for most data categories and these were used where appropriate. In certain
cases default inputs were not used, for example, the initial soil moisture contents were manually set for each run
as mentioned above. The following sections describe the inputs used and their selection rationale for both HELP
modeling approaches. HELP input data sheets which summarize inputs for each run are presented in Appendix
A, HELP Data Input Sheets.

4.1 CLIMATIC DATA

The HELP program provides a weather generator to simulate changing weather conditions over time for various
locations in the United States based on historical weather data. The location selected for this analysis was
Roswell, NM. Roswell is located 42 miles west of the Triassic Park site and is the closest default city available
in the HELP program. ' .

Once the default city has been selected, weather inputs for precipitation and temperature can be automatically
assigned by the program or input by the user. For the original analysis in Revision 0 of this report, the default
values for precipitation and temperature for Roswell, NM were used. For this analysis, weather inputs for
precipitation and temperature for the Roswell, NM area were obtained from the National Oceanic and
Atmospheric Association (NOAA). Thirty year averages (period 1964 to 1994) for precipitation and temperature
were used instead of the HELP defauit values for Roswell. These weather records indicate a slightly wetter
environment and inputting them would tend to make the results of HELP runs slightly higher, but would not
change the relative performance of the various liner alternatives.

Evapotranspiration inputs to define the vegetation conditions and evaporative zone depth can also be input into
the HELP model. For this analysis, these inputs were changed to represent likely vegetative conditions. During
the operational period of the landfill when there is no cover present and for a short period immediately after the
cover is installed there will be little vegetation present. The vegetation input used for this period was “bare
groind”. In selecting this option, the program provides Roswell area default values for an evaporative zone depth
of 14 inches, growing season start and end on days 76 and 310, and maximum leaf area index of 0. After cover
vegetation is established on the cover, typically after | year, the vegetative input was changed to “poor stand or
grass”. Vegetation at the Triassic Park site is sparse and this input was felt to best approximate the semi-arid
site conditions. The evaporative zone depth was changed to 24 inches which corresponds to the design thickness
of the vegetative cover layer and the maximum leaf area index was changed to 1 which was also feit to be
appropriate for the site.

4.2 SOIL AND DESIGN DATA

Inpursforsoilchanéta‘isticsandduipdanincludcdwpmtrun-oﬁ'expectedandthephysicalchamtuistiu
for each layer in the landfill model. In this analysis, 100 percent potential run-off was assumed when the landfill
was covered and 0 percent run-off was assumed during the operational periods when the landfill cover was not
in place. The layer characteristics are summarized below and in Appendix A .

4.2.1 Waste
The waste layer type, soil “texture™ number, initial moisture conteat, and thickness define how moisture will

percolate through waste layer and how much will be stored there. Becausethewstelayuistypicaltythethids&
layer present, the outcome of landfill water flow analysis can be influenced greatly by its hydrologic properties.
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The hydrologic properties of hazardous waste have not been studied to the same extent that municipal waste has
been studied and therefore literature information is limited. The HELP model does not provide specific default
values for hazardous waste and it is left to the program user to define these characteristics.

The waste was ass:gned soil texture numbers, initial moisture contents, and hydraulic conductivities which reflect
expected actual conditions. The soil texture number of 7 corresponds to a silty sand material (SM) with default

porosity of 0.473, field capacity of 0.222, wilting point of 0.104, and hydraulic conductivity of 5.4 x 10*cm/sec.
The imitial moisture content was set at 0.2055.

The hydraulic properties of the waste fill will depend on the characteristics of the incoming waste and the nature
of the daily cover soil used. The physical characteristics of landfilled hazardous waste can vary widely from
sludges to solids and debris. Contaminated soils and bulk solid materials, however, will make up a major
proportion of these materials. Typically, the waste material is placed and compacted and covered with daily cover
soil material. Since the surface of the waste fill must be trafficable to waste hauler trucks and other heavy
earthmoving equipment, it is not an uncommon practice to increase the amount of daily cover soil placed when
softer or sludgy type wastes are received. At the Triassic Park site sand and siltstone will be predominantly used
as daily cover matenials and incoming contaminated soils are also likely to have a high sand content. Bulk solid
wastes such as filter cake material, bag house wastes, and other process wastes are fine grained with particle sizes
in the silt range. Based on this, the soil texture corresponding to a sandy silt was selected for the waste material.

Based on previous experience at hazardous waste sites, the initial moisture contents of the waste for Years 0
through 1 were set at 0.2055 which corresponds to a moisture content of 15 percent.

4.2.2 Protective Soil

The protective soil layer placed on top of the liner prior to waste filling will be the same material used for daily
soil cover with the exception that it will be screened to remove oversize rocks and cobbles. Based on evaluation
of bulk samples taken at the site from the upper sand unit, a soil texture number of 4 corresponding to a silty sand
was selected to modet the protective soil layer. This soil texture has the following defaults: porosity of 0.473,
field capacity of 0.0105, wilting point of 0.047, and hydraulic conductivity of 1.7 x 10 cm/sec. The initial
moisture content for this layer was set at 0.0863 which is consistent with the average moisture contents of 5.9
percent for the site’s silty sand samples.

4.2.3 Lateral Drainage (Sand)

The lateral drainage sand material considered for use at the site will have to meet minimum hydraulic
conductivities of 1 x 10-%cnv/sec. Although no hydraulic testing of candidate site materials has been conducted,
it is believed that this performance standard can be met with available material sources cither in their natural state
or with a minimal amount of screening and washing. The soil texture number of 1 which corresponds to a poorly
graded sand was selected for this layer. This soil texture has the following defaults: porosity of 0.417, field
capacity of 0.045, wilting point of 0.018, and hydraulic conductivity of 1 x 10-*cm/sec. Initial moisture content
. for this layer was set at 0.045 which equals the field capacity and therefore does not allow for water storage in
the lateral drainage layer. It should be noted that the geotextile components of the sand drainage layer were not
included in the this evaluation. Transmissities of this material exceeds those of the sand material and therefore
this assumption is conservative. ‘ .
4.2.4 Lateral Drainage (Geocomposite)
The geocomposite drainage material used in this analysis was a geotextile bonded to a geonet. The HELP model

does not have a specific default for geocomposites so the default for the geonet was se!ected fort.h@s layer. The
added capacity of the geotextile in this case is ignored and, as above, this assumption is conservative. The soil
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texture number of 20 which corresponds to a drainage net was selected for this layer. This soil texture has the
following defauits: porosity of 0.850, field capacity of 0.010, wilting point of 0.005, and hydraulic conductivity
of 10.0cm/sec. The initial moisture content for this layer was set at 0.010 which equals the field capacity and
therefore does not allow for water storage in the lateral drainage ,

4.2.5 Barrier (FML: HDPE)

The FML barrier layer considered is a 60 mil HDPE geomembrane. HELP model defaults for this layer are
thickness 0.06 inch and soil texture number 35. For geomembranes, the HELP model also provides input
capabilities for pinhole density, installation defects, and installation quality assurance. Input values for these
parameters are recommended in the HELP Manual. Values used in this analysis were pinhole density of 1.0,
geomembrane defect number 3, and liner installation quality of 3. All of these inputs correspond to a good
geomembrane installation under good construction quality control.

4.2.6 Barrier (Clay)

The clay barrier layer material considered is a typical fine grained clay material which when moisture conditioned
and compacted under controlled conditions is capable of achieving an in-place hydraulic conductivity of 1 x 107
cm/sec. HELP program defaults for soil texture number 26 with porosity of 0.445, field capacity of 0.393,
wilting point of 0.445, and modified hydraulic conductivity of 1 x 10 cm/sec were used for the clay layer. The
" moisture content was set equal to the porosity to allow for immediate saturated flow through the clay layer.

For the MTR case, the thickness of the clay barrier layer was set at 3 feet.

Permeability testing of the clay material samples gathered at the site indicate that hydraulic conductivities of 1
x 107cm/sec can be achieved.

4.2.7 Barrier (GCL)

The GCL material considered is a composite geotextile/bentonite/geotextile layer. These liner products, although
relatively new compared to geotextiles and geomembranes, have become popular substitutes for clay layers in
cover systems and recently in liner systems. The soil texture number of 17 was selected for the GCL with a
porosity of 0.750, field capacity of 0.747, wilting point of 0.400, and hydraulic conductivity of 3 x 10°cm/sec.
The initial moisture content for this layer was set at 0.7500 which equals the porosity to allow for immediate
saturated flow thought the clay layer.

4.2.8 Prepared Subgrade

The prepared subgrade material considered is essentially the same material considered for the clay barrier material
described above. The difference between these materials is the level processing and moisture conditions prior
to placement and the resultant increased permeability of the prepared subgrade. The primary function of this
layer is to provide a smooth stable surface upon which to install the overlying geosynthetics but it is not envisaged
that extensive moisture conditioning or processing will be done. However, because this material is the same
material proposed for the clay barrier layer, it will exhibit some barrier layer characteristics by inhibiting flow
through holes in the FML.

Ford:epmparedmbgndelzya,d\esa:msoﬂﬁcxmnumberanddcfaultswminputastheclaylayerdsaibed
above including the conductivity. Permeability tests done on samples from the Upper Dockum Unit indicated
hydraulic conductivities in this range.
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4.3 LANDFILL COVER DATA

Landfill cover data inputs include the cover layer materials, the type of vegetative cover oa the surface of the
cover, the percentage of moisture that is subject to run-off, the slope of the cover and maximum drainage distance.
Materials contemplated for the cover design are discussed above and their arrangement is illustrated in Figure
3. As discussed previously for covered conditions, 100 percent potential run-off was input, the vegetative
condition for the acwly installed cover assumed a “bare ground™ and a 14 inch evaporative zone depth for the first
year, and “poor stand of grass” with a 24 inch evaporative zone for the remaining years. A maximum drainage
distance of 550 feet at 4H:1V slope (25 percent) was computed from conceptual drawings in the presented RCRA
Permit Application for the Triassic Park Facility. The HELP soil texture classification number 6 was selected
for the vegetative cover for the cover performance demonstration. This soil type is consistent with the Alma
series soil found at the site. It should be noted that the vegetative soil type used in the Revision 0 HELP analysis
has a soil texture number of 4 with a porosity of 0.4270, field capacity of 0.1050, wilting point of 0.0470, and
hydraulic conductivity of 1.7 x 10” cm/sec. These lateral drainage values are consistent with the Roswell -
Association also found at the Triassic Park site. The material is a silty sand with default porosity of 0.453, field
capacity of 0.190, wilting point of 0.085, and saturated hydraulic conductivity of 7.2 x 10™. Initial moisture
content for the vegetative soil was set at 0.0863. '
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5.0 HELP PROGRAM RESULTS

5.1 ALTERNATE LINER EQUIVALENCY DEMONSTRATION

Results for the individual HELP model runs are summarized in Tables 5 and 6. Actual printouts of the HELP

mode! summary output files are presented in Appendix B. As previously mentioned, these results were originally
presented in Revision 0 of this report. For completeness, they are also included in this revision.

Review of the results presented in the summary table below and Tables 5 and 6 indicates there is little difference
in leakage rates between the various liner alternatives for the final closed landfill. Further inspection of the
modeling results for the operational phase, Years 0 through 0, reveals insignificantly small leakage in the
proposed aiternate liner. For this period the proposed aiternate and MTR liners are considered equivalent and
leakages are rounded to three decimal points in the table below. For Years 11 though 40 with the landfill cover
in place, very little precipitation enters the system and the waste mass begins to drain with this water being
removed from the system in the LCRS layer. Bottom barrier layer leakage rates at this point become negligible -
for both the proposed liner alternative and MTR.

i
|
MODELING APPROACH LEAKAGE RATE SUMMARY |
Operational Period (Years 0 10) “
! Slope

| Alternatives Lc:hp Leskage !
| | @vd) | @wvd) |

Proposed Altemate 0.000 0.000

MTR v 0.000 0.000

NOTE: 1. Values shown are final leakage rates after period Years 0 through 10
2. Results shown sre from Revision 0 of the Alternative Liner System HELP
Analvsis

MODELING APPROACH LEAKAGE RATE SUMMARY
Covered Period (Years 11 - 40)

Floor
Alternatives Leaks
/¢

NOTE: 1. deslnwnmﬁndlahgemm.hwmd?mﬂdmghdo
2. Results shown are from Revision 0 of the Alternative Liner System HELP
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Review of Tables S and 6 show head values for both the proposed alternate and MTR indicate pressure
dcve!opmmlonthcpnnmyandmndary liners in the range of 0.000 to 0. 001 inches which are well below the
regulatory maximum of 12 inches.

5.2 ALTERNATE COVER DEMONSTRATION

Results of HELP mode! runs for the alternate cover demonstration of Years 0 through 5 are summarized in Tables
1 through 4. Actual printouts of the HELP model summary output are presented in Appendix B.

Review of these results indicated leakages through the proposed cover in the order of 0.00002 g/a/d while leakage
through the proposed altemate liner are 0.000164 for the floor area and 0.00004 1 for the slope area. Once again,
the difference between these two leakage rates is insignificantly small and the proposed cover can be considered
at least as impermeable as the proposed alternate liner.

AL S 90pm by
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6.0 CONCLUSIONS

Based on the HELP model results, the following conclusions can be made:

. There is little difference between the proposed altenative and MTR in terms of percolation rates
through the bottom liner over the life of the facility. The differences that exist in Years 0
through 10 are insignificantly small. The proposed altemate liner pcrfonnancc can therefore
be considered cquivalent to the MTR liner performance.

. Hydraulic pressure on the primary and secondary liners of both the MTR and proposed altemate
liner system is well below the regulatory maximum of 12 inches.

. The cover system leakage is less than or equal to the leakage of the liner system. It effectively
reduces precipitation infiltration which will the waste to drain once the cover is in place.

Lc.\\.ow“
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APPENDIXB

HELP SIMULATION SUMMARY PRINTOUTS
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HYDROLOGIC EVALUATION OF LANOFILL PERFORMANCE e

“ HELP MODEL VERSION 3.04a (10 JULY 1995) il

bl ‘ DEVELOPED BY ENVIRONMENTAL LABORATORY b
bl USAE WATERWAYS EXPERIMENT STATION hid
bl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY e
- -
- -

LAAA A A A A b Al Al A ad ad A d aad A dad il o dl gt el 2l ldl ] 1 18 Tl e e e
AR AN AN N NANN ARG A NN ENN AR NN NNV NN VNNV T AN VAN RN NN IR ANT IO ANCE VNNV ORROY

PRECIPITATION DATA FILE: d:\602\in\flr.D4
TEMPERATURE DATA FILE: d:\602\in\flr.07
SOLAR RADIATION DATA FILE: d:\602\in\flr.D13
EVAPOTRANSPIRATION DATA: d:\602\in\flr.D11
SOIL AND DESIGN DATA FILE: d:\8602\1n\ALT2FLR.D10
OUTPUT DATA FILE: d:\602\out\alt2flr.0UT

TIME: 15: 5 DATE: 2/28/1996

VSR FRATACIVAEANOR VLN AT N ST CEANEN TR AN RO C VRNV AT NN T AV N S AN N NN SR AN OND

TITLE: gandy alternative 2, year 0-5, floor

AT A AR S A ST SR S A MR SRS S S AU R AT AN RS ST AR AN O NA R S TR N O SRR

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE WMUMBER 4

THICKNESS - 26.00  INCHNES
POROSITY - 0.4370 voL/vouL
FIELD CAPACITY = 0.1030 voL/voL
WILTING POINT - 0.0470 voL/VvOL
INITIAL SOIL WATER COMNTENT = 0.0863 voL/voL

. EFFECTIVE SAT, NYD. COMD. = 0.170000002000€-02 CM/SEC
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TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 vot/voL

FIELD CAPACITY = 0.0100 voL/voL
WILTING POINT = 0.0050 voL/voL
INITIAL SOIL WATER CONTENT = 0.0100 voL/voL
EFFECTIVE SAT. HYD. COND. =  10.0000000000 CM/SEC
SLOPE = 2.30 PERCENT
DRAINAGE LENGTH = 550.0 FEET

TYPE & - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 voL/voL
FIELD CAPACITY = 0.0000 voL/voL
WILTING POINT = 0.0000 voL/vOL
INITIAL SOIL WATER CONTENT = 0.0000 voL/voL
EFFECTIVE SAT. HYD. COND., = (.199999996000€-12 CM/SEC
FML PINMOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 4

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS s 0.20 InCnES
POROSITY = 0.8500 voL/voL
FIELD CAPACITY = 0.0100 VoL /voL
WILTING POINT s 0.0030 voL/voL
INITIAL SOIL WATER CONTENTY = 0.0100 voL/voL
EFFECTIVE SAT. NYD. COND. = 10.0000000000 C/sEc
SLOPE = 2.30 PERCENY
= 550.0 FEET

DRAINAGE LENGTN
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LAYER §

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06  INCHES
POROSITY = 0.0000 voL/voL
FIELD CAPACITY = 0.0000 voL/voL
WILTING POINT = 0.0000 voL/voL
INITIAL SOIL WATER CONTENT = 0.0000 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.199999996000€-12 CM/SEC
FML PINHOLE DENSITY = 1.00  HOLES/ACRE
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 6

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.26  INCHES
POROSITY = 0.7500 voL/voL
FIELD CAPACITY = 0.7470 voL/voL
WILTING POINT . = 0.4000 voL/voL
INITIAL SOIL WATER CONTENT = 0.7500 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.300000003000€-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZOME DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAIRT
SOIL DATA BASE USING SOIL TEXTURE # & VITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.X AND
A SLOPE LENGTN OF S550. FEET.

SCS RUNOFF CURVE NUMBER - 80.50

FRACTION OF AREA ALLOVING RUNOFF - 0.0 PERCENT
AREA PROJECTED ON NORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH s 14.0 INCHES
INITIAL WATER IN EVAPORAFIVE ZONE = 1.208 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.118 INCHES



Path: C:\

File: ALT2FLR .OUT 18,056 .a.. 2-28-96 3:05:40 pm Page &

LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOM WATER

INITIAL WATER IM LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE !NFLOW

EVAPOTRANSPIRATION AND WEATHER

0.658 [INCHES
0.000 [NCHES
2.255 INCHES
2.255 [INCHES
0.00  INCHES/YEAR

DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

ROSWELL NEW MEXICO

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASOM (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZOME DEPTM

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

33.24 DEGREES
0.00
76
310
14.0 INCHES
8.70 WPH
49.
0.
3.
2.

L I T B I I I I B ]
v
8888
2t 2

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR ROSWELL

NORMAL MEAM MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT

------- cedseces cscceecas ceweascs

0.42 0.47 0.49 0.69
1 1.90 1.87 1.13

MAY/NOV JUN/DEC

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR ROSWELL

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAMNRENNEIT)

JAN/JWL FEB/AUG MAR/SEP APR/OCT

39.60 44.10 51.30 59.80
79.30 77.90 7.00 60.10

MAY/NOV JUN/DEC

68.30 76.80
48.00 40.10
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL NEW MEXICO
AND STATION LATITUDE = 33.24 DEGREES

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.30 0.29 0.54 0.49 1.17 0.99
2.39 1.68 1.79 0.90 1.44 0.97
STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20
-l 1.16 1.14 1.04 1.76 0.67
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
+APOTRANSPIRAT 10N
TOTALS 0.438 0.303 0.412 0.280 1.097 0.882
1.82% 1.797 1.517  1.018 1.082 0.779
STD. DEVIATIONS 0.190 0.048 0.364 0.162 0.930 1.074
0.881 1.2%6 0. 0.683 0.810 0.425

LATERAL DRAINAGE COLLECTED FROM LAYER 2

---------- tescecescccccscccccvsascnncsgases

TOTALS 0.0416 0.0342 0.0209 0.0120 0.009% 0.0120
' 0.0301 0.0626 0.050% 0.0703 0.2034 0.0964

STD. DEVIATIONS 0.0397 0.0333 0.0164 0.0092 0.0072 0.0110
0.0406 0.0592 0.0373 0.0667 0.2849 0.1230

PERCOLATION/LEAKAGE THROUGH LAYER 3

TOTALS 0.0569 0.0502 0.0434 0.0307 0.0252 0.0237
0.0399 0.0722 0.0681 0.0770 0.1117 0.0973
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STD. DEVIATIONS 0.0402 0.0412 0.0311 0.0230 0.0179 0.0156
0.0460 0.0552 0.0445 0.0424 0.0755 0.0673

LATERAL DRAINAGE COLLECTED FROM LAYER &

TOTALS 0.0568 0.0505 0.0434 0.0308 0.0254 0.0237
0.0685 0.0768 0.1109 0.0%83

STD. DEVIATIONS 0.0400 0.0416 0.0312 0.0231 0.0180 0.019%
0.0448 0.0426 0.0746 0.0684

TOTALS 0.0000 0.0000 0.0000 0.0000 - 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.0006 0.0005 0.0003 0.0002 0.0001 0.0002
0.0004 0.0009 0.0007 0.0010 0.0029 0.0013
$T0. DEVIATIONS 0.0005 0.0005 0.0002 0.0001 0.0001 0.0002
0.0006 0.0008 0.0005 0.0009 0.0040 0.0017
DAILY AVERAGE HEAD ON TOP OF LAYER §
AVERAGES 0.0008 0.0008 0.0006 0.0004 0.0003 0.0003
0.0005 0.0010 0.0010 0.0010 0.0016 0.0013
STD. DEVIATIONS 0.0005 0.0006 0.0006 0.0003 0.0002 0.0003
0.0006 0.0007 0.0006 0.0006 0.0010 0.0009

AN EN AN AN NSRRI NN RSSO N RO ON SIS AT S O R RS e OO O S AR AT e R TN

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGN S

INCNES Cu. FEET PERCENT

cwescsssecaccccccas scecccscccsccs eswesscses
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ROECIPITATION
JFF
EVAPOTRANSP IRAT 10N

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
LAYER 3

AVERAGE HEAD ON TOP
OF LAYER 3

LATERAL DRAINAGE COLLECTED
FROM LAYER &

PERCOLATION/LEAKAGE THROUGH
LAYER 6

AVERAGE HEAD ON TOP
OF LAYER 5

CHANGE IN MATER STORAGE

12.9%
0.000

1.4

2-28-96 3:05:40 pm

( 2.076)
¢ 0.0000)

( 1.9467)

0.64535 ¢ 0.56767)

0.69647 ( 0.36897)

0.001 ¢

0.001)

0.69630 ¢ 0.36874)

0.00000 ¢ 0.00000)

0.001 ¢

0.181

0.000)

( 0.4414)

Page 7
47023.0 100.00
0.00 0.000
61494 .45 88.243
2342.634 4.98189
2528.192 5.37650
2527.576 5.37519
0.008 0.00002
658.36 1.400

AT TES ARSI NS S AN S S AN SRS R A T YA A E VA NI S A AR AR O RO R O AR N AR NA NSNS
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

------------------------- Gesecccccensasnesesstssnacsatssteenancnennanse

(INCHES) (Cu. £T.)

PRECIPLTAT 1M Tiao S082.000
RUNOFF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 2 0.10664 387.11032
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.022506 81.69557
AVERAGE HEAD ON TOP OF LAYER 3 0.045
MAXIMUM HEAD ON TOP OF LAYER 3 0.088
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 11.6 FEET
DRAINAGE COLLECTED FROM LAYER & 0.02105 76.40586
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.00003
AVERAGE HEAD OM TOP OF LAYER S 0.009
MAXTMUM HEAD ON TOP OF LAYER S 0.02%
LOCATION OF MAXIMUM HEAD IN LAYER &

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 1.36 49443652
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.7
MINIMUM VEG. SOIL WATER (VOL/VOL) ‘ 0.0470

w2 Maximum heads are computed using NeEnroe’s equetions., ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce K. McEnroe, University of Kanses
ASCE Journal of Envirormental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL MATER STORAGE AT END OF YEAR 5

""""" T e awewess  oouven
T Taere 020
2 0.0024 0.0120
3 0.0000 0.0000
4 0.0028 0.0142
s 0.0000  0.0000
6 0.1800 0.7500
SNOW WATER 0.000
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE hoind

.- HELP MODEL VERSION 3.048 (10 JULY 1995) il
e DEVELOPED BY ENVIRONMENTAL LABORATORY hid
haad USAE WATERWAYS EXPERIMENT STATION ’ e
e FOR USEPA RISK REDUCTION ENGINEERING LABORATORY bl
[ 2] '3
[ '3
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PRECIPITATION DATA FILE: d:\602\in\flr.Dé
TEMPERATURE DATA FILE: d:\602\in\flr.07
SOLAR RADIATION DATA FILE: d:\602\in\flr.D13
EVAPOTRANSPIRATION DATA: d:\602\in\f\r.D11
SOIL AND DESIGN DATA FILE: d:\602\in\ALT2slp.D10
OUTPUT DATA FILE: d:\602\out\alt2slp.0UT

TIME: 15: 6 DATE:  2/28/1996

VELBTEAN AN AAT PO TNV VARSIV S PN AN RNV ST ST CR NN ST NN T OSSN S C R OW

TITLE: gandy alternative 2, yeer 0-5, slope

D s e T T

NOTE: INITIAL MOISTURE COMTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 4

THICKNESS . 26.00 INCHES

POROSITY = 0.4370 voL/voL

FIELD CAPACITY s 0.1030 voL/voL

- MILTING POINT . 0.0470 voL/VOL

INITIAL SOIL WATER CONTENT = 0.0863 voL/vOL
a  0.170000002000€-02 CM/SEC

* EFFECTIVE SAT. HYD. COND.
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LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20  INCHES
POROSITY = 0.8500 voL/voL

FIELD CAPACITY = 0.0100 voL/vot
WILTING POINT b 0.0050 voL/voL
INITIAL SOIL WATER CONTENT = 0.0100 voL/voL
EFFECTIVE SAT. HYD. COND. =  10.0000000000 CM/SEC
SLOPE a 33.00 PERCENT
DRAINAGE LENGTH = 316.0 FEET

LAYER 3

TYPE & - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 33

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 voL/VOL
FIELD CAPACITY s 0.0000 voL/VOL
WILTING POINT ., = 0.0000 vOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 vOL/vOL
EFFECTIVE SAT. NYD. COND. = 0.199999996000€-12 CM/SEC
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER &

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 voL/voL

FIELD CAPACITY = 0.0100 vou/voL
WILTING POINT = 0.00350 voL/voL
INITIAL SOIL WATER COMTENT = 0.0100 vou/voL
EFFECTIVE SAT, YD, COMD. =  10.0000000000 CM/SEC
sLoPe : s 33.00 PERCENT
-ORAINAGE LENGTH = 316.0 FEET
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LAYER §

TYPE & - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS s 0.06  INCHES

POROSITY = 0.0000 voL/voL
FIELD CAPACITY a 0.0000 voL/voL
WILTING POINT = 0.0000 voL/voL
INITIAL SOIL WATER CONTENT = 0.0000 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.199999996000€-12 CM/SEC
FML PINHOLE DENSITY = 1.00  HOLES/ACRE
FML INSTALLATION DEFECTS a 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 6

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.26  INCHES
PORCSITY = 0.7500 voL/voL
FIELD CAPACITY = 0.7470 voL/voL
WILTING POINT = 0.4000 voL/voL
INITIAL SOIL WATER CONTENT = 0.7500 voL/voL

= 0.300000003000€-08 CM/SEC

EFFECTIVE SAT. HYD. COMD.

GEMERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 4 UITH BARE
GROUMD CONDITIONS, A SURFACE SLOPE OF 33.X AND
A SLOPE LENGTN OF 316. FEET.

SCS RUNOFF CURVE NUMBER = 82.40

FRACTION OF AREA ALLOWING RUNOFP s 0.0 PERCENT
AREA PROJECTED OM HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE Z0ME DEPTH s 14.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 1.208 INCHES
UPPER LINIT OF EVAPORATIVE STORAGE = 6.118 [INCHES
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0.658 [INCHES
0.000 [INCHES
2.255 INCHES
2.255 [NCHES
0.00 INCHES/YEAR

LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOM WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER )

TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

....... pesecsersvccccssccccccsssnanan

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

ROSWELL NEW MEXICO

STATION LATITUDE = 33.24 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 76
END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 14.0 [INCHES
AVERAGE ANNUAL WIND SPEED = 8.70 WK
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 49.00 X
AVERAGE 2D QUARTER RELATIVE HUMIDITY = 40.00 X
AVERAGE 3RD QUARTER RELATIVE WUMIDITY = 53.00 X

= 52.00 %X

AVERAGE 4TH QUARTER RELATIVE HUMIDITY

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL MEW MEXICO

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JWL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

0.42 0.47 0.49 0.69 1.14 1.43
1.99 1.90 1.87 1.13 0.57 0.53

NOTE: TEMPERATURE DATA WAS SYNTNETICALLY GENERATED USING
COEFFICIENTS FOR ROSMELL NEW MEXICO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FANRENNEIT)

JAN/ IR FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

39.60 44.10 $1.30 $9.80 68.30 76.80
79.30 17.90 7.00 60.10 48.00 40.10
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR ROSWELL NEW MEXICO
AND STATION LATITUDE = 33.24 DEGREES

Raadalal et ta it R Al e d il g st gt ddddd el 1l B e 2

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

..... P R R R R L R N N L L L L X W T R I AP iR

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV  JUN/DEC

PRECIPITATION
TOTALS 0.30 0.29 0.54 0.49 1.17 0.99
' 2.39 1.68 1.79 0.90 1.64 0.97
STD. DEVIATIONS 0.34 0.07  0.47 0.39 1.10 1.20
1.12 1.16 1.14 1.04 1.76 0.67
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
/APOTRANSPIRAT 10N
TOTALS 0.223 0.121 0.144 0.09% 0.318 0.413
o 1.261 0.557 0.702 0.341 0.40% 0.398
STD. DEVIATIONS 0.157 0.088  0.153 0.1 0.328 0.765

Ie ]
0.644 0.326 0.548 0.432 0.413  0.439

LATERAL DRAIMAGE COLLECTED FROM LAYER 2

TOTALS 0.2838 0.1530 0.3144 0.1686 0.7463 0.5542
' 0.7122 1.3258 0.9034 0.5961 1.1245 0.4454

STD. OEVIATIONS 0.2299 0.1388 0.3029 0.0962 0.5884 0.5561
0.5288 0.939¢ 0.3697 0.3540 1.3388 0.23%6

PERCOLATION/LEAKAGE THROUGHN LAYER 3

TOTALS 0.0338 0.0244 0.0337 O.
0.0557 0.0793 0.0653 O
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STD. DEVIATIONS 0.0218. 0.0167 0.0253 0.0152 0.0350 0.0287
0.0235 0.0266 0.0129 0.0137 -0.0312 0.0100
LATERAL DRAINAGE COLLECTED FROM LAYER &

TOTALS ' 0.0338 0.02¢4 0.0337 0.0259 0.0528 0.0428
0.0557 0.0793 0.0653 0.0540 0.0660 0.0459

STD. DEVIATIONS 0.0218 0.0167 0.0253 0.0152 0.0350 0.0287
0.0235 0.0266 0.0129 0.0137 0.0312 0.0100

PERCOLATION/LEAKAGE THROUGH LAYER 6

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STO. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
' 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

DAILY AVERAGE HEAD OM TOP OF LAYER 3

AVERAGES 0.0002 0.000% 0.0002 0.0001 0.0005 0.0003
0.0004 0.0008 0.0006 0.0004 0.0007 0.0003
iTD. DEVIATIONS 0.0001 0.0001 0.0002 0.0001 0.0004 0.0003
0.0003 0.0006 0.0002 0.0002 0.0008 0.0001
DAILY AVERAGE HEAD OM TOP OF LAYER 5
AVERAGES 0.0001 0.0001 0.000% 0.0001 0.0002 0.0001
0.0002 0.0003 0.0002 0.0002 0.0002 0.0001
STD. DEVIATIONS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 0.0000 0.0000 0.0001 0.0000

D S kR A a A At A adaaaadaaadaad e aadaddddaaddda e a4 g g gy
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AVERAGE ANWUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGN 5

INCNES Qu. FEET PERCENT
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~nECIPITATION 12,95 ¢ 2.076) 47023.0 100.00
OFF 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSP [RAT 10N 4.979 ( 0.8403) 18074.46 38.437
LATERAL DRAINAGE COLLECTED 7.32567 ( 2.24926) = 26592.176 56.55140
FROM LAYER 2
PERCOLATION/LEAKAGE THROUGH 0.57975 ( 0.16004) 2104.510 4.47549
LAYER 3
AVERAGE NEAD ON TOP 0.000 (  0.000)
OF LAYER 3
LATERAL DRAINAGE COLLECTED 0.57973 ( 0.16004) 2104.509  4.47549
FROM LAYER &
PERCOLATION/LEAKAGE THROUGN 0.00000 ( 0.00000) 0.002 0.00000
LAYER 6
AVERAGE HEAD OM TOP 0.000 (  0.000)
OF LAYER 5
CHANGE 1N WATER STORAGE 0.069 ( 0.36%6) 251.88 0.536

TSRS SR AT S IR S A A O A O S AR AT SRR A A TR A AR R e R AT R YR YRRt e ee



RN NSRRI SO NS R E A SON AT N R S S N SR S AN ST T T TS SN I N ST T SN NN E N SN T EN RTINS

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

.............. P R R L L TR T L R I NNy

CINCHES) (Cu. FT.)

PRECIPITATION Trea 5082.000
RUNOFF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 2 0.55831 2026.65674
PERCOLAT IOM/LEAKAGE THROUGH LAYER 3 0.010151 36.84814
AVERAGE HEAD ON TOP OF LAYER 3 0.010
MAXIMUM HEAD ON TOP OF LAYER 3 0.09%
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRA[N) 0.0 FEET
ommzv Cm‘LECTED FROM LAYER & 0.01015 36.84814
PERCOLATION/LEAKAGE THROUGH LAYER & 0.000000 0.00001
AVERAGE MEAD ON TOP OF LAYER S 0.001
MAXINUM HEAD OM TOP OF LAYER S 0.000
LOCATION OF MAXIMUM MEAD IN LAYER &

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER ‘ 1.36 49443452
MAXIMM VEG. SOIL WATER (VOL/VOL) 0.1804
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470

**e Maximm heads are computed using McEnroe’s equations, ***

Reference: Naximm Satureted Depth over Landfill Liner
by Sruce M. NcEnroe, University of Kansas
ASCE Journal of Enwvirormental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 5

"""""" T aneesy s

T aam oo
2 0.0022 0.0112
3 0.0000 0.0000
4 0.0020 0.0100
S 0.0000 0.0000
(] 0.1800 0.7500 -

SNOM WATER 0.000
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e
HYDROLOGIC EVALUATION OF LANOFILL PERFORMANCE hhd
HELP MODEL VERSIOM 3.04a (10 JULY 1995) e
bl DEVELOPED 8Y ENVIROMMENTAL LABORATORY e
e USAE WATERWAYS EXPERIMENT STATION bad
bl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY e
e e
(L) e
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PRECIPITATION DATA FILE: d:\602\in\cov.Dé
TEMPERATURE DATA FILE: d:\802\in\cov.07
SOLAR RADIATION DATA FILE: d:\602\in\cov.D13
EVAPOTRANSPIRATION DATA: d:\602\in\cov.011
SOIL AMD OESIGN DATA FILE: d:\602\in\covery.D10
QUTPUT DATA FILE: . d:\602\out\coveryu.out

TIME:  8:31 DATE: 2/29/1996

RSN SRR TN RS R S AN SR A AN EN AR SR AN SR A A SR A AR S AN TR NR N AN A A A AN RN wee

TITLE: gandy cover alternative, yeer 0-5

ARV AN LTIV EET SN AR T TN TN OO O TS TR ST AN AT S SO R SV AR AN AR AR SN A Y

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER. )

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE wuMsER &

THICKNESS = 26.00 [nCHES
POROSITY s 0.4530 voL/voL
FIELD CAPACITY - 0.1900 voL/vOL
WILTING POINT . 0.08350 voL/voL
INITIAL SOIL WATER CONTENT = 0.0843 voL/voL

" EFFECTIVE SAT. HYD. COND. = 0.720000011000€-03 CM/SEC
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NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED 8Y 1.80
FOR ROOT CHAMMELS IN TOP HALF OF EVAPORATIVE ZONE.

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 voL/voL
FIELD CAPACITY = 0.0100 voL/voL
WILTING POINT = 0.0050 voL/voL
INITIAL SOIL WATER CONTENT = 0.0100 voL/voL
"EFFECTIVE SAT. HYD. COND. =  10.0000000000 CM/SEC
SLOPE Co= 25.00 - PERCENT
ORAINAGE LENGTM = 550.0 FEET

LAYER 3

TYPE & - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06  INCHES
POROSITY ] 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/vOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER COMTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = -0.199999996000€-12 CM/SEC
FWL PINHOLE DENSITY . 1.00  HOLES/ACRE

_ FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE
FNL PLACEMENT QUALITY = 3 - GOOD

LAYER &

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE MUMBER 17

THICKNESS L 0.26 INCNES
POROSITY a 0.7500 voL/voL
FIELD CAPACITY = 0.7470 vOoL/VOL
WILTING POINT . a2 0.4000 voL/voL
INITIAL SOIL WATER COMTENT = 0.7500 voL/voL
EFFECTIVE SAT. KYD. COND. = 0.300000003000€-08 CM/SEC
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LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER &

THICKNESS = 6.00 INCHES
POROSITY = 0.4370 voL/voL
FIELD CAPACITY b 0.1050 voL/voL
WILTING POLNT = 0.0470 voL/voL
INITIAL SOIL WATER CONTENT = 0.0863 VOL/VOL
EFFECTIVE SAT. HYD. COMD. = O0.170000002000€-02 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMGER &

THICKNESS - 18.00 INCHES
POROSITY = 0.4370 voL/vOL
FIELD CAPACITY = 0.1050 voL/voL
VILTING POINT = 0.0470 voL/vOL
INITIAL SOIL WATER CONTENT = 0.0863 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.170000002000€-02 CM/SEC

GEMERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 6 VITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 25.%
AND A SLOPE LENGTH OF 550. FEET,

SCS RUNOFF CURVE NUMBER = 80.50
FRACTION OF AREA ALLOWING RUNOPF =  100.0  PERCENT
AREA PROJECTED ON HORIZOMTAL PLANE = 1.000 ACRES
EVAPORATIVE 20ME DEPTN = 26.0  INCHES
INITIAL MATER IN EVAPORATIVE ZOME = 2.071 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 10.872 INCHES
LOMER LIMIT OF EVAPORATIVE STORAGE = 2.040 [NCHES
INITIAL SNOW WATER ) = 0.000 INCHES
s 4.324 INCHES

INITIAL WATER IN LAVER MATERIALS
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TOTAL INITIAL WATER = 4.326 INCHES
TOTAL SUGSURFACE [NFLOW » 0.00  INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

ROSWELL NEW MEXICO
STATION LATITUDE =  33.24 DEGREES
MAXIMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 76
END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZOME DEPTH = 24.0 [INCHES
AVERAGE ANNUAL WIND SPEED = 8.70 WPN
AVERAGE 1ST QUARTER RELATIVE WUMIDITY = 49.00 X
AVERAGE 2MO QUARTER RELATIVE WUMIDITY = 40.00 X
AVERAGE 3RD QUARTER RELATIVE WUMIDITY = 53,00 X
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 52,00 X

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL NEW MEXICO

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV J\MIDEC

0.42 0.47 0.49 0.69 1.14 1.43
1.99 1.90 1.87 1.13 0.57 0.53

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL NEW MEXICO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENNEIT)

JAN/ I FES/AUG MAR/SEP APR/OCT - MAY/NOV JUN/DEC
39.60 46.10 51.30 59.80 68.30 76.80
79.30 77.90 71.00 60.10 48.00 40.10

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSMELL NEW MEXICO
AND STATION LATITUDE = 33.24 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

PRECIPITATION
TOTALS , 0.30 0.29 0.54 0.49 1.17 0.99
2.39 1.68 1.7%9 0.90 b 0.97
STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20
1.12 1.16 1.14 1.04 1.76 0.67
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.001 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.001
0.001 0.000 0.000 0.001 0.000 0.000
EVAPOTRANSP IRAT I10M
TOTALS 0.660 0.265 0.558 0.266 1.236 1.117
2.254 1.850 1.519 0.938 1.055 0.987
STD. DEVIATIONS 0.399 0.087 0.467 0.422 1.021 1.293
1.297 1.206 1.096 0.8%6 0.675 0.419

LATERAL DRAIMAGE COLLECTED FROM LAYER 2

TOTALS 0.0161 0.0040 0.0138 0.0068 0.0091 0.0063

0.0347 0.0368 0.0208 0.0122 0.0433 0.0417

STD. DEVIATIONS 0.0295 0.0059 0.0168 0.0102 0.0110 0.0087

. 0.0224 0.0189 0.0086 0.0077 0.0579 0.0250
PERCOLATION/LEAKAGE THROUGH LAYER &

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS ~ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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RCOLATION/LEAKAGE THROUGH LAYER 6

TOTALS 0.0001 0.0001
0.0001 0.0001
STD. DEVIATIONS 0.0001 0.0001
0.0000 0.0000

2-29-96 8:31:54 am

0.0001
0.0001

0.0001
0.0000

6

0.0001
0.0001

0.0000
0.0000

-------------------------------------------------------------------------------

STD. DEVIATIONS

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

Page
0.0001 0.0001
0.0001 0.0001
0.0001 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0001
0.0000 0.0000
0.0000 0.0001

0.0000
0.0001

0.0000
0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
LAYER &

AVERAGE HEAD ON TOP
OF LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 6

CHANGE [N WATER STORAGE

1295 ¢

12.706 «(

0.24518 (

0.00000 (

0.000 ¢

0.00153 ¢

0.000 ¢

2.076)
0.0023)
1.7289)

0.12170)

0.00000)

0.000)

0.00028)

0.5820)

1 THROUGH
CU. FEET
T
6.9
46122.80

890.020

0.001

S

1.89273

0.01181%
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

----------------------- LR R R R A Tk L L R E T Y ppippi e

CINCHES) (Cu. £T.)

PRECIPITATION Chwo S082.000
RUNOS : : 0.003 12.1114
DRAINAGE COLLECTED FROM LAYER 2 0.04743 172.17372
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 3 0.002
MAXIMUM HEAD ON TOP OF LAYER 3 0.192
LOCATION OF MAXIMUM HEAD IM LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET
PERCOLATION/LEAKAGE THROUGH LAYER & 0.000005 0.01711
SNOW WATER 1.36 4944 .3452
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2101
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0850

w*s  Maximm heeds sre computed using McEnroe’s equations. %*®

Reference: Maximm Saturated Depth over Landfill Liner
by 8ruce M. McEnroe, University of Kensas
ASCE Journal of Envirormental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

AT ATENE AR A AR S AN P E AR SRS AR T AN YR OV SN CR S O E SR A A ARR A TR A Te R ST R R A e ANew



.""“"""'“m“m'"""“"""""""""""'"""""""'t""' -

FINAL WATER STORAGE AT END OF YEAR 5

................... P N L T R TR R R R gy

LAYER C(INCHES) (voL/vOL)
T T2ome o.086
2 0.0030 0.0150
3 0.0000 ~0.0000
4 0.1800 0.7500
5 0.5159 0.0860
3 1.5477 0.0860
SHOM WATER 0.000
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE e
e HELP MODEL VERSION 3.04a (10 JULY 1995) b
e ODEVELOPED 8Y ENVIRONMENTAL LAGORATORY bl
- USAE WATERWAYS EXPERIMENT STATION b
- FOR USEPA RISK REDUCTION ENGINEERING LABORATORY bl
e -
L 4] -t
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PRECIPITATION DATA FILE: d:\602\in\flr.04
TEMPERATURE DATA FILE: d:\602\in\fir.07
SOLAR RADIATION DATA FILE: d:\602\in\flr.013
EVAPOTRANSPIRATION DATA: d:\602\in\fir.D11
SOIL AND DESIGM DATA FILE: d:\602\in\MTRFL.D10
OUTPUT DATA FILE: d:\602\out\mtrfl,0UT

TIME: 14:59 DATE: 2/28/1996

D A e a a2 aaaal i aaaaaaaaadad g e da st dd g ada b el a0yl g

TITLE: Gandy Landfill - MTR - Floor (0-5 yrs)

A ARV LARATRNA NN TR RS ANV NSRS AN ARV AV AT NSNS AR RN AN RN SN S AR NN R OD

NOTE: INITIAL MOISTURE COMTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 4

THICKNESS - 26.00 INCHES
POROSITY = 0.4370 voL/vOL
FIELD CAPACITY = 0.1050 voL/voL
WILTING POINT = 0.0470 voL/vOL

. INITIAL SOIL WATER COMTENT = 0.0843 VOL/VOL
EFFECTIVE SAT. HYD. COND. s 0.170000002000€-02 CM/SEC
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LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 1

THICKNESS = 12.00  INCHES
POROSITY = 0.4170 voL/voL

FIELD CAPACITY = 0.0450 voL/voL
WILTING POINT = 0.0180 voL/voL
INITIAL SOIL WATER CONTENT = 0.0450 voiL/voL
EFFECTIVE SAT. HYD. COND. = 0.999999978000€-02 CM/SEC
SLOPE s 2.30  PERCENT
DRAINAGE LENGTH = 550.0 FEET

LAYER 3

TYPE & - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE MUMBER 35

THICKNESS = 0.06 [NCHES
POROSITY = 0.0000 voL/voL
FIELD CAPACITY = 0.0000 voL/voL
WILTING POINT = 0.0000 voL/voL
INITIAL SOIL WATER CONTENT = 0.0000 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.199999996000€-12 CM/SEC
FML PINMOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS s 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER &

TYPE 2 - LATERAL DRAINAGE LAYER
' MATERIAL TEXTURE NUMBER 1
THICKNESS '

- 12.00 INCHES
POROSITY = 0.4170 voL/voL
FIELD CAPACITY = 0.0450 voL/voL
WILTING POINT = 0.0180 voL/voL
INITIAL SOIL WATER COMTENT = 0.0450 voL/voL
EFFECTIVE SAT. HYD, COND. = 0.999999978000€-02 CM/SEC
SLOPE . = 2.30  PERCENT
DRAINAGE LENGTH = 550.0 FEET
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LAYER S

TYPE & - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS . 0.06  INCHES
POROSITY s 0.0000 voL/voL
FIELD CAPACITY = 0.0000 voL/voL
WILTING POINT = 0.0000 voL/voL
INITIAL SOIL WATER CONTENT = 0.0000 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.199999996000€-12 CM/SEC
FML PINHOLE DENSITY = 1.00  HOLES/ACRE
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 6

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER O

THICKNESS = 36.00 INCHES
POROSITY = 0.4450 voL/voL
FIELD CAPACITY = 0.3930 voL/vou
WILTING POINT s 0.2770 voL/vou
INITIAL SOIL WATER CONTENT = 0.4450 voL/voL
EFFECTIVE SAT. HYD, COND. = 0.100000001000€-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONME DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 4 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.X AND
A SLOPE LENGTH OF 550. FEET.

SCS RUNOFF CURVE NUMBER s 80.50

FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE 20ME DEPTN . s 14.0 INCRES
INITIAL WATER IN EVAPORATIVE 20ME = 1.208 INCHES
UPPER LINMIT OF EVAPORATIVE STORAGE = é

118 INCHES
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LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

0.658 INCHES

0.000 INCHES
19.171 INCHES
19.171 INCHES

0.00  INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

ROSWELL NEW MEXICO
STATION LATITUDE = 33.24 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 76
END OF GROWING SEASON (JULIAN DATE) s 310
EVAPORATIVE ZOME DEPTH = 14.0 [INCHES
AVERAGE ANNUAL WIND SPEED = 8,70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 49.00 X
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 40.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 53,00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 52.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL NEW MEXICO

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/ JRL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

0.42 0.47 0.49 0.69 1.14 1.43
1.99 1.90 1.87 1.13 0.57 0.53

NOTE: TEMPERATURE DATA WAS SYNTNETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL NEW MEXICO

NORMAL MEAM MONTHLY TEMPERATURE (DEGREES FAHRENNELIT)

JAN/JUL  FEB/AUG  MNAR/SEP  APR/OCT  MAY/NOV JUN/DEC

39.60 44.10 51.30 59.80 68.30 76.80
79.30 77.90 71.00 60.10 48.00 40.10
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NOTE: SOLAR RADIATIOM DATA WAS SYMTHETICALLY GEMERATED USING

COEFFICIENTS FOR ROSWELL NEW MEXICO
AND STATION LATITUDE = 33.24 DEGREES

(23122 222222t a2 a1 il adl ol dllad il lallddlld el ]yl d Dl et L 2 aearg pnds Iog 2R g anpeny

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGM 5

P L L L R T T N L T T T T T A U g gy S S g

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS ‘ 0.30 0.29 0.54 0.49 1.17 0.99
2.39 1.68 1.9 0.90 1.44 0.97
STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20
1.12 1.16 1.16 1.06 1.76 0.67
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0,000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0,000 0.000 0.000 0.000 0.000
_VAPOTRANSPIRAT10M
TOTALS 0.438 0.303 0.412 0.280 1.097 0.882
1.825 1,797  1.517  1.018 1.082 0.77%
STD. DEVIATIONS 0.190 0.068 0.3664 0.162 0.930 1.0%%
0.881 1.25%6 0.771  0.663 0.810  0.42%

LATERAL ORAINAGE COLLECTED FROM LAYER 2

TOTALS 0.0621 0.0457 0.0407 0.0298 0.0227 0.016%
0.0169 0.0237 0.0320 0.0360 0.0495 0.0777
STD. DEVIATIONS 0.0705 0.0472 0.0388 0.0260 0.0188 0.0130
0.0100 ~ 0.0158 0.0204 0.0216 0.0346 0.0772

PERCG.A*IN/LEAKAG! THROUGH LAYER 3

TOTALS 0.1049 0.0816 0.0748
0.0402 0.0519 0.0652
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STD. DEVIATIONS 0.1025 0.0723 0.0638 0.0470 0.0373 0.0279
0.0233 0.0328 0.039% 0.0399 0.0523 0.1029

LATERAL DRAINAGE COLLECTED FROM LAYER 4

‘TOTALS 0.0693 0.066% 0.0750 0.0718 0.0707 0.0638
0.0611 0.0582 0.0568 0.0606 0.0623 0.0737

STD. DEVIATIONS 0.0625 0.0590 0.0659 0.0617 0.0598 0.0530
0.0492 0.0428 0.0379 0.0375 0.0358 0.0413

PERCOLATION/LEAKAGE THROUGH LAYER 6

TOTALS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 O 1 0.0001 0.0001 0.0001

STD. DEVIATIONS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

esceccecscessccccssns esevessvuccccscnaa weccsewsssverne ®ccccccccassnsnvecnvensene

DAILY AVERAGE MEAD ON TOP OF LAYER 3

AVERAGES 0.8312 0.6892 0.5543 0.4196 0.3096 0.2268
0.2301 0.3233 0.4497 0.4901 0.6959 1.0576

STD. DEVIATIONS 0.9305 0.7113  0.5279 0.3656 0.2563 0.182¢
0.1359 0.2155 0.2866 0.2939 0.4840 1.0507

DAILY AVERAGE HEAD ON TOP OF LAYER S

AVERAGES 0.9310 0.9967 1.0206 1.0072 0.9627 0.8973
0.8323 0.7929 0.7990 0.8257 0.8757 1.0028
STD. DEVIATIONS 0.8338 0.3893 0.8971 0.8686 0.8136 0.7451
0.6699 0.5832 0.5332 0.5109 0.5034 0.5618

2N T SRR AN SRR TR AR AR AR AR ST AN IO R A AN R A TR AR SRS A S A AN AR A TR ee

VARV TANE LTINSV AN TR RO TINT NSO SR RN RN YA TS R R R SRR R R RN TR R S AT eNY

AVERAGE ANMUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH ]

INCHES CU. FEET PERCENT
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nOECIPITATION 12.95 ( 2.076) 47023.0 100.00
.OFF 0.006 ¢ 0.0000) 0.00 0,000

" EVAPOTRANSP IRATIOM 11,631 ¢ 1.9467) 41496 .45 88.243

LATERAL DRAINAGE COLLECTED 0.45305 ¢ 0.3127%) 1644 .561 3.49735
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH 0.86312 ( 0.52877) 3133.128 6.66297
LAYER 3

AVERAGE HEAD OM TOP 0.523 ( 0.361)
OF LAYER 3 »

LATERAL DRAINAGE COLLECTED 0.78920 ( 0.59140) 2864 . 794 6.09232
FROM LAYER 4 ,

PERCOLATION/LEAKAGE THROUGH 0.00071 ¢ 0.00051) 2.587 0.00550
LAYER 6

AVERAGE HEAD OM TOP 0.912 ¢ 0.683)
OF LAYER §

CHANGE IN WATER STORAGE 0.280 (¢ 0.8130) 1016.64 2.162

AN SRS TNV EN TNV TR AN CE NIV LN E VNN A AN ER NNV SRR N AN N RO R SR AN DS
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

(INCHES) (Cu. FT.)

PRECIPITATION Tieo soazooo
RUNOFF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 2 0.00669 2.27183
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.009581 34.77909
AVERAGE HEAD OW TOP OF LAYER 3 2.822
MAXIMUM HEAD ON TOP OF LAYER 3 5.131
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 49.7 FEET
DRAINAGE COLLECTED FROM LAYER & 0.00517 18.76339
PERCOLATIOM/LEAKAGE THROUGH LAYER 6 0.000004 0.01610
AVERAGE HEAD ON TOP OF LAYER 5 2.181
MAXIMUM HEAD ON TOP OF LAYER S 4.028
LOCATION OF WAXIMM HEAD 1N LAYER &

(DISTANCE FROM DRAIN) 41.9 FEET
SNOW WATER 1.36 49443652
MAXIMUM VEG. SOIL WATER (VOL/VOL) ' 0.2317
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470

wo*  Maximm heads sre computed using McEnroe’s squations. *o*

Reference: Maximum Saturated Depth over Landfill Liner
by Sruce M. McEnroe, University of Kansas
ASCE Journal of Erwirormental Engineering
vol. 119, We. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VaL/voL)
T aere eame
o 0.6687 0.0557
3 0.0000 0.0000
4 0.9060 0.0755
5 0.0000 0.0000
é 16.0200 0.4450
SNOW WATER 0.000
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ool

- HELP MODEL VERSIOM 3.04a (10 JULY 1995) hobd
e DEVELOPED 8Y ENVIRONMENTAL LABORATORY "
il . USAE WATERWAYS EXPERIMENT STATIONM LA
bl FOR USEPA RISK REDUCTION ENGINEERING LABORATORY "
bl -
e . . e

RN ITE NN EN TR E NN R N E R RN RNV EONEN NIV N E RN RN RN O T CN VNN N C TV EN R AR AN ANV N COR RGO D
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PRECIPITATION DATA FILE: d:\602\in\flr.04
TEMPERATURE DATA FILE: d:\602\in\tlr.07
SOLAR RADIATIOM DATA FILE: d:\602\in\flr.013
EVAPOTRANSPIRATION DATA: d:\602\in\fir.011
SOIL AND DESIGM DATA FILE: d:\602\in\MTRSLP.D10
OUTPUT DATA FILE: d:\602\out\mtrstp.0UT

TIME: 15: S DATE:  2/28/1996

TS EEA AN AR S IR S T RN R A AR A ARAE RNV S TR A O R T SRR A AT R O NSNS R RO SRR Re

TITLE: Gandy Landfill - MTR - Side Stope (0-Syrs)

1R NR AN NSRS IR R A TS AN A NSRS AN AN E O A AT RS AR A AN AR A NI AR AR AR A SRR e

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW VATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE MMBER &

THICKNESS s 24.00  [nCHES
POROSITY » 0.4370 voL/voL

FIELD CAPACITY . 0.1050 voL/voL
WILTING POINT s 0.0470 voL/vOL
_INITIAL SOIL WATER CONTENT = 0.0843 vOL/vOL
EFFECTIVE SAT. HYD. COMD. = 0,.170000002000€-02 CM/SEC
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LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 1

THICKNESS = 12.00  INCHES
POROSITY b 0.4170 voL/voL

FIELD CAPACITY a 0.0450 voL/voL
WILTING POINT b 0.0180 voL/voL
INITIAL SOIL WATER CONTENT = 0.0450 voL/voL
EFFECTIVE SAT. HYD, COND. = 0.999999978000E-02 CM/SEC
SLOPE : = 33.00 PERCENT
DRAINAGE LENGTH = 316.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE WUMBER 35

THICKNESS s 0.06 INCHES
POROSITY s 0.0000 voL/voL
FIELD CAPACITY = 0.0000 vOL/VOL
WILTING POINT = 0.0000 voL/voL
INITIAL SOIL WATER CONTENT = 0.0000 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY - 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD
LAYER 4

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE MUMBER 1

THICKNESS = 12.00  INCHES
POROSITY = 0.4170 voL/voL

FIELD CAPACITY . 0.0450 voL/voe
WILTING POINT = 0.0180 voL/voL
INITIAL SOIL WATER CONTENT = 0.0450 voL/voL
EFFECTIVE SAT. NYD. COND. = 0.999999978000€-02 CM/SEC
SLOPE s 33.00 PERCENT
DRAINAGE LENGTH = 315.0 FEET
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LAYER §

TYPE & - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06  INCHES
POROSITY = 0.0000 voL/vOoL
FIELD CAPACITY = 0.0000 voL/voL
WILTING POINT s 0.0000 voL/voL
INITIAL SOIL WATER CONTENT = 0.0000 voL/voL
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00  HOLES/ACRE
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER &

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER O

THICKNESS s 36.00 INCHES
POROSITY s 0.4450 voL/voL
FIELD CAPACITY .= 0.3930 voL/voL
WILTING POINT = 0.2770 voL/voL
INITIAL SOIL WATER CONTENT = 0.4450 voL/voL
EFFECTIVE SAT. WYD. COND. = 0.100000001000€-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZOME DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEPALLT
SOIL DATA BASE USING SOIL TEXTURE # 4 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.X AND
A SLOPE LENGTHM OF 316. FEET.

SCS RUNOFF CURVE NUMBER ] 81.00
FRACTION OF AREA ALLOVING RUNOFF = 0.0  PERCENT
AREA PROJECTED ON NORIZONTAL PLANE = 1.000 ACRES
'EVAPORATIVE 20ME OEPTN . a 14.0 INCHES
INITIAL WATER IN EVAPORATIVE Z0NE = 1.208 1NCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.1

118 INCNES
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LOWER LIMIT OF EVAPORATIVE STORAGE 0.658 INCHES
INITIAL SNOW WATER 0.000 INCHES

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOMW

19.171  INCHES
19.171 INCHES -
0.00  INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

ROSWELL NEV MEXICO
STATION LATITUDE = 33,24 DEGREES
MAXIMUM LEAF AREA INOEX = (.00
START OF GROWING SEASOM (JULIAM DATE) = 76
END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 14.0 INCHES
AVERAGE ANNUAL WIND SPEED .= 8.70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 49.00 %
AVERAGE 2MD QUARTER RELATIVE WUMIDITY = 40.00 X
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = S3.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 52.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL NEW MEX1CO

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/ S FES/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

0.42 0.47 0.49 0.69 1.14 1.43
1.99 1.90 1.87 1.13 0.57 0.53

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL NEW MEXICO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAMRENMEIT)

JAN/ S, FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

39.60 44,10 51.30 59.80 68.30 76.80
79.30 77.90 71.00 60.10 48.00 40.10
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ROSWELL © NEW MEXICO
AND STATION LATITUDE = 33.24 DEGREES

.m'mmm""""'..'""'M"""'“""'“"'t“"""""'"‘

AVERAGE MONTHLY VALUES IM INCHES FOR YEARS 1 THROUGH ]

PRECIPITATION
TOTALS 0.30 0.29 0.5 0.49 1.17 0.9
239 1.8 1.79  0.90 b 0.97
STD. DEVIATIONS 0.3 0.07 0.47 0.39 1.10  1.20
) 112 1.6 1.1 1.06  1.76  0.67
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
/APOTRANSPIRAT [ OM
TOTALS ‘ 0.438 0.303 0.412 0.280 1.097 0.882
1.828  1.797 1.517  1.018 1.082 0.779
STD. DEVIATIONS 0.190 0.068 0.366 0.162 0.930 1.07
0.881 1.2%6 0.771 0.663 0.810 0.425

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS 0.0900 0.0779 0.0593 0.03% 0.0317 0.0282
0.0550 0.1046 0.1121 0.1128 0.2302 0.2378

STD. DEVIATIONS 0.0779 0.0721 0.0454 0.0298 0.0225 0.0211
0.0613 0.0058 0.0789 0.0732 0.2175 0.2939

PERCOLATION/LEAKAGE THROUGN LAYER 3

TOTALS 0.0130 0.0113 0.009% 0.0070 0.0060 = 0.0053
0.0086 0.0144 0.01%6 0.0159 0.0253 0.0268
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STO. DEVIATIONS 0.0099 0.0093 0.0068 0.0048 0.0040 0.0036
0.0082 0.0109 0.010" 0.0087 0.0188 0.0253

LATERAL DRAINAGE COLLECTED FROM LAYER &

TOTALS - 0.0143 0.0113 0.0103 0.0075 0.0063 0.0050
0.0081 0.0128 0.0159 0.0151 . 0.0214 0.0300

STO. DEVIATIONS 0.0126 0.0091 0.0074 0.0052 0.0042 0.0033
0.0066 0.0097 0.0103 0.0085 0.0156 0.0300

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STO. OEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AVERAGES OF MOMTHLY AVERAGED DAILY HEADS (INCHES)
OAILY AVERAGE MEAD OM TOP OF LAYER 3
AVERAGES . 0.0536 0.0521 0.035¢9 0.0191  0.0176

0.0246
0.0332 0.0632 0.0700 0.0682 0.1437 0.1437

STD. DEVIATIONS 0.0456 0.0482 0.0275 0.0186 0.0136 0.0132
0.0370 0.0519 0.0493 0.0442 0.1358 0.1776

AVERAGES 0.0085 0.0076 0.0062 0.0047 0.0038 0.0031
0.0049 0.0077 0.0099 0.0091 0.0134 0.0181
STD. DEVIATIONS 0.0073 0.006! 0.0043 0.0032 0.0023 0.0020
0.0040 0.0039 0.0064 0.0051 0.0097 0.0181

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INcHES CU. FEET PERCENT
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~oECIPITATION 12.95% ( 2.076) 47023.0 100.00
OFF 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 11431 ( 1.9467) 41494.45 88,243
LATERAL DRAINAGE COLLECTED 1.17907 ¢ 0.81329) . 4280.021  9.10197
FROM LAYER 2
PERCOLAT1OM/LEAKAGE THROUGH 0.15882 (¢ 0.09008) 576.507 1.22601
LAYER 3
AVERAGE HEAD OM TOP 0.060 (  0.042)
OF LAYER 3
LATERAL DRAINAGE COLLECTED 0.15824 (¢ 0.08907) $74.397  1.22152
FROM LAYER &
PERCOLATIOM/LEAKAGE THROUGH 0.00001 ¢ 0.00001) 0.062  0.00009
LAYER 6
AVERAGE HEAD ON TOP 0.008 ¢  0.005)
OF LAYER S
CHMANGE IN WATER STORAGE 0.186 ( 0.4322) 674.12 1.434

badd bt 4l b bl bt g T T )
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PEAK DAILY VALUES FOR YEARS 1 THROUGH S

(INCHES) (Cu. FT.)

PRECIPITATION - 140 ....... soazooo
RUNOFF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 2 0.05930 215.27205
PERCOLAT IOM/LEAKAGE THROUGH LAYER 3 0.004617 16.76041
AVERAGE NEAD ON TOP OF LAYER 3 1.1
MAXIMUM HEAD ON TOP OF LAYER 3 2.196
LOCATION OF MAXIMUM NEAD IM LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET
DRAINAGE COLLECTED FROM LAYER & ' 0.00353 12.80457
PERCOLATIOM/LEAKAGE THROUGH LAYER 6 0.000000 0.00068
AVERAGE HEAD OM TOP OF LAYER S 0.066
MAXIMUM HEAD ON TOP OF LAYER S 0.189
LOCATION OF MAXIMUM NEAD IN LAYER &

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 1.36 4944.3652
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2317
MINIMUN VEG. SOIL WATER (VOL/VOL) 0.0470

*** Maximm heads are computed using McEnroe’s equations., ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. NcEnroe, University of Kansas
ASCE Journel of Envirormental Engineering
Vol. 119, Ne. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR H]

T ke ke ooy
T T oame
2 0.5601 0.0467
3 0.0060 0.0000
4 0.5428 0.0452
5 0.0000 0.0000
6 16.0200 0.4450
SNOW NTEI 0.000

RNV TEEE AT AT RN OE T O AT SN C NSO SR AN AR S ST S A SRR AR AR AR TR H A AR R A R SRR
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APPENDIX C

NEW MEXICO ENVIRONMENTAL DEPARTMENT
DRAFT GUIDANCE DOCUMENT FOR PERFORMANCE DEMONSTRATION
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Guidanoce Document
for

Performance Demoastration for an Alternative Cover Design
Using the HELP Modeling Program Under the New Mexico
Solid Waste Management Regulations (20 NIMAC 9.1)

and

Performance Demoastration for an Alternative Liner D&ign
Using the HELP Modeling Program Under the New Mexico
Solid Waste Management Regulations (20 NMAC 9.1)

Prepared by the
New Mexico Environment Deparument
Solid Waste Bureau

Permit Section
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. REGION 6
%’&Mj " 1445 ROSS AVENUE, SUITE 1200

DALLAS, TX 75202-2733

Y » YA UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
7]
<

March 14, 1996

Mr. Benito Garcia, Chief
Hazardous and Radioactive Bureau
New Mexico Environment Department
P.O. Box 26110

Santa Fe, New Mexico 87502

RE: Gandy Marley Inc., Triassic Park Hazardous Waste Facility,
Part B Application and the Corresponding Revisions

Dear Mr. Garcia:

The Environmental Protection Agency (EPA) has completgd a
technical review of the landfill design for Gandy Marley Inc. and
has determined that it meets the requirements of 40 CFR 264.300
thru 264.317. If you have any further questions, please contact
Mr. Rich Mayer at (214) 665-7442.

Sincerely youri,
o s
—Hickd )

David Neleigh, Section Chief
New Mexico - Federal Facilities

Recycled/Recyclable « Prinisd with Vegeabie OF Based inks on 100% Recycied Paper (40% Posiconsumer)
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intermediate and alternarive cover layers. The two designs are to be simulated for years | through
5 with vegeation during the post-closure care period to demonstrate equivaleacy. Precipitation,
evapowanspiraton, temperature, and solar radiation data must be site specific and identical for
both alternative and prescriptive cover designs simulations. Provide justificadion for all input
parameters in the medef utilizing the artached forms. Demonstrate the relationship of the
charactenisacs of on-site or cther sources of soil proposed for the construction of cover or liner

and the zarameter values in the model. [t is anticipated that the entire area of the landfil or cell
wiil te modeiled.

Prescipcve Fnal Cover Alternasive Cover System
Section 502.4.1 Section 502.A.2

e DB e B+ T D St Al

Figure 2.

For examcle, comparing the prescriptive cover oft
1) & inches of :opsoil
2) 18 inches of compacted soil (K = 5 x 10 to meet narural subsoils X = 5 x 10)

with 1 progosed alternauve sover system of
1) 5 ‘nches of opsoils
2) 30 inches of compaczed (K = 1 x 10°%)
3) 12 inches of uncompacted intermediate cover

2. New Solid Waste Landfills:

As in the above case, the cover for the proposed landfill with a the prescriptive or alternative liner
must achieve the equivalent protection as the liner. If an alternative final cover is proposed for
the landfill, thea a2 demonstration must be submitted to the Bureau for approval pursuant to
Section 502.A.2.2. It must be determined by this demonstration that the proposed final cover
design includes an infiltration layer that achieves an equivalent reduction in infiltration as the
bortom liner (Figure 3). A HELP Mode! simulation comparison is acceptable forthu
demonstration for a § year period with vegetation. Preciprtation, evapotraaspiration, temperature,
and solar radiation data must be site specific and identical for both liner and cover design
simulations. Provide justification for all input parameters in the model utilizing the artached
forms. Demonstrate the relationship of the characteristics of on-site or other sources of soil
propased for the construction of cover or liner and the parameter values in the model. Itis
anticipated that the entire area of the landfill or ceil will be modeiled.

wm | | 2



~
(Y

7/ 7
‘ <y [/
For example, the comparison must include a HELP Model simulation for the liner and the
proposed Znal cover systems as below.

~

The simuladon for an alternative liner system*® could include:
1) the drainage/protective layer of the liner with leachate collection svstem,
2) che 60-mul HDPE FML,
3) the 0.2 inch (K = 2 x 10”%) GCL (geosynthetic clay liner),
S====%=== inches of compacted in situ soil used as the prepared subgrade, and
3) wita the solid waste ceil open and a0 runoff.

*Aay lternative liner svstem must meet the demonstration as descrized in the
"Perfcrmance Demonstration For An Alternative Liner Design Using Tre HELP Modeling
Program Under the New Mexico Solid Waste Management Regularticns (20 NMAC 9.1)."

A liner svsiem is comparad with a HELP Model simulation for a proposed Zral cover:
1) 13 inches uncompactad material (6 inches of topsoil with poor grass and 12 inches of
uncompaczed sod),
2)the 3.2 inca GCL (K =2 x 1079,
3) 12 inches of intarmediaze cover (6 inches of compacted sou and S inches of
uncompaczed sail), and
4) vith the solid waste cell closed and Snal placement of the cover 10 include runoff.

Prescripdve or Presaripdve (Fig. 4) or
Altemgrive fmal Cover Alternagve Liner System

24 inch Drainage Layet
60-mil HDPE or 40-mil PVC FML

24 inch (K = 1 x 10E-7) Clay Layer

Figure 4.



Performance Demonstration for an Alternative Liner Design
Using the HELP Modeling Program Under the New Mexico
Solid Waste Management Regulatioas (20 NVAC 9.1)

1. Section 306.A.2 of the regulations requires the design of the alternative 'iner must provide -
equivalezt Jrotection as the composite liner defined in Section 306.A.1. Two computer modeling
anajvses ust Je performed - an analysis of the composite liner specified in Section 506.A.1 and
an 2naivsis of the proposed alternative liner as specified in Section 306.A.2. Szuivalent
protecTicn Tust be demonstratad through a comparison of the performancs 21 she Section
3C6.A.2 airarmative liner with the performance of Section 306.A.1 composits iner (Figure 5).

Prescripve Liner System Altemative Liner System
Section 506.A.1 Section 306.A.2

ALt r
ittt nhhtn o

Figure §.

2. Provice justification for all input parameters in the modet utilizing the anac2ed {forms.
Dermonszate :3e reladonship of the characteristics of on-site or other sources of soil proposed for
the constrzcZen and operation of the landfill and the parameter values used  the model. Show
justification Jor the soil and waste moisture coatent parameters as well as gecmerabrane liner data
and storm water cunoff fraction.

5. Simulate actual design conditons and operational development of the landtill as closely as
possibie by doing a succession of modei simularions. This succession must arzampt to simulate
moisture conditions in the landfill as closely as possible. To aid in accomplisaing this, each
successive computer simulation must use the previous simulation's moisture content output as the
input for the following simulation. Describe the design approach modeiled.

3.1 Inmal simulation of the open landfill at start-up when landfill has lirde to no waste.
The time period should extend for the anticipated duration of this condition, a minimum of
one year and a probable maximum of five years.

3.2 A succeeding simularion to model conditions of the partially full landfill for some
anricipated time period, most probably five years. This would incorporate daily cover and
intermediate cover.

3.3. Perform subsequent computer simulations to model the landfill in the closed

4
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condition for the duration of the entire post-closure care period.

3.3.1 Mode bare ground for the time period expected until vegetation becomes
established. |
3.3.2 Model the vegerated condition for the remainder of the post-closure care
period.

4. Compliance with the regulatery requirement of not exceeding a 12 inch hydrauiic head on the
bottom liner must be demoanstrated. Consequently, the area modeled must incorgorated, ata |
minimum, one leachate collection *watarshed" in order to simulate the leachate drainage distance.
[t is anuicipated that the antire area of the landfill or cell will be modeiled.

5. If shere is 30 infiltration through the alternative liner system for the simulation(s), then these
HELP Modet simulation(s) will serve to demoastrate the concentration values listed in Section
1110 (Apgendix K, EIB/SWMR-4) will not be exceeded in the uppermost aquifer or the relative
point of compliance.

vl s
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% MONTGOMERY WATSON

Calculation Cover Sheet Appendix E-29

Project Title: ~ Triassic Park Waste Disposal Facility
Project No.: 602-0200
Calculation Title: Perimeter Road Design Evaluation

Name Date
Prepared By: John Kendall 12/9/97
Checked By: John Pellicer 12/10/97
Reviewed By: Pat Corser 12/10/97

Revisions Date By Checked By | Reviewed By
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How to Build Better Haul Roads

Making sure the haul road is going to hold up under traffic planned for it mean
considering a variety of construction parameters, including subbase and surfac
materials, thicknesses, road-adhesion characteristics and hauling widths.

Nicholas P. Chironis, scnior cditor

Surface mine nperators often aveid placing subbase mate-
rials under the haul-road surface in the interest of economy.
They may believe it is less costly ta permit soma haul
segments that hamper the flow of trailic rather than incur
the cost of constructing a good road hase. The eventual
results, however, often lead to mare custly aperation.

If the sub-standard road is not constantly maintained,
rutting, sinking and overall deterioration usually ocrurs, and
vehicles must slow down considerably o negotiale these
conditions. Over a period of time such slow-downs represent
a considerable time loss to the production eycle, and can
result in the nced for additional vchicles and operators.

Need for good subbase

At some mine sites, the road surface is underlain by
natural strata capable of supporting the weight of any
haulage vehicie. For example, in the case of bedded stone
formations, it is only n-cessary to place the desired road
sur{ace malterial directly on the bedded stone to have a good
road. But (requently such base materials are not naturally
available and the enyrincer building the road must look to the
possibility of using other materials. The bearing caparity of
potential subbase materials has heen analyzed as part of a
research study for the U.S. Bureau of Mines. The result is a
tahle giving the bearing capacities of rock and other subsur-
(ace materials in Lerms of vehicle tire loads (Table 1),

To use this Lable, keep in mind that tire loading for most
haulage vehicles, when inflated ta rccommended pressure,
will rarely exceed 16,000 psi. Although the tire loading may
be somewhat less depending on the number of tires and their
size, this figure can be used with some confidence to deter-
mine subbase requirements. By checking the loading of
16,000 pai in the table it ean be scen that any subygrade lesa
consolidaterl than soft rock ealls for additional material to
establish a stable base. The question then ix llow much
additional material should be placed over the subyrade to
adequately support the road surface?

CBR curves

The study engineers found that one of the brst methads of
making this road-thickness determination is through use of

= COAL AGE/JANUARY, 1978

California bearing-ratio (crR) curves, Fig. 1. In order to I
~ompletely accurate, the road designer should obtain cns
vilues {rom actual tests on both the subgrade and subbase
materials the designer plans to use. These tosts can be
conducted by submitting the samples W a soils testing
laburatory, a relatively minimal enst. ,

The cur curves provide the subbase-thickness require
ments for a wide range of wheel loads, suils and sybbase
materials. It must be emphasized, however, that the ranges
in the AR curves are not well defined. Actual test results,
for example, may prove the bearing ratios for a specific soil
group Lo be considerably better than the low value depicted
on the chart. The chR ranges reflected by the graph, there-
fore, should be used in licu of actual test results when only
gencral information is desired. In such cases, pick the lowest
possible ¢nr value for a given soil type.

Table 1. Bearing Capacily of Soils

Capacily in

1,000 b
Asterial per sq it
Hard Sound Roek ..........c.ccvvvnvnnn.. 120
Medium Hard Roek ....................... a0
Hard Pan Overlying Roek ................. 24
Compact Gravel and Boulder-Gravel

Formations; Very Compact Sandy Gravel .. 20
SO ROCK . .......oieiiiinninnerennnnnns 16
Loosa Gravel and Sandy Gravel: Compact

Sand and Gravelly Sand: Very Compact

Sand-—~-Inorganic Siit Soils .............. 12
Hard Dry Consolidated Clay ................ 10
Loose Coarse to Medium Sard; Madium

Compact Fine Sand ....... Cereinaeranea 8
Compact Sand-Clay Soils ................. 6
Loose Fine Sand; Medium Compact Sand—

Inotganic Silt Soils ............oivueen 4
FirmorSIMClay .....ocvveiiiniiinionenes 3
Loose Saturated Sand Clay Soils, Medium

SoftClay .......covvvvinnnn fesrrennas . 2
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Fig. 1. Curves for Determining Subbase Thicknesses and C8R Values
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As shown by the curves, final subbase thicknesses are
influenced Ly vehicle wheel loads as well as sl type.
Maximum wheel luadings for any haulage vehicle are casily
computed (rom manufacturers specifications by dividing the
loaded vehicle weight over each axle by the number of tires
on that axle. In every eawe, use the highest whnd Jauling
calculated fur the subbase thickness determinations. In fact,
when a wheel is mounted un a tandem axle, increase the
value by 20'%.

To provide a readily available indieation of wheel loading
characteristics of currently manufactured vehicles, the chart
is divided into three cateygurics. Each category represents
the ranye of wheel lvadings under fully loaded conditions
that may be anticipated for vehicles in the iven weight
class,

Sample design problem
Here is how to compute subbase requirements, once the
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Fig. 2. Thicknesses of Subbase Materials
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wheel loading and cBR values have been established. Let us
assume the following conditions:

The haulroad is to be constructed over a siity clay of
medium plasticity with a CAR of 5. The maximum wheel load
for any vehicle using the road is 40,000 lb. Fairly clean sand
is available with a c8R of 15 to serve as subliase material.
Rnad surface is to be constructed of good gravel that has a
czR of 80. (If any of these actual CBR values are not known,
pick off the C8R values from the chart, and then continue
with these steps.)

8 Step A. The 40,000-1b, wheel-load curve intersects the
vertical line for 2 ¢AR of § at 28 in. This means that the final

road surface must be at least this distance above the
subgrade (Fig. 2).

® Step B. The value for 3 clean sand with a coR o
intersects the 40,000-1b curve at 14 in, below road surfa
& Step C. The interseetion of the 80-cnk fine for gravel -
Lthe curve [or the 40,000-1h wheel load occurs at 6 in. Rec
this thickness constitutes the final surface materia
should be placed at the upper G-in. portion of the road.

For best results, subbase materials should exceed the |
desired surface width by at least 2 ft and must be compa
while moist. Each 8-in. layer should be subjected to repe:
passcs.

Compaction is usually done best with heavy rollers. Bu
few surface-mine operators have roilers in their vek

flcet, an alternative such as heavy-tracked equipment ¢
be employed.

Surface materials

Skelly and Loy engincers conducting the Bureau st
visiled over 300 mining operations throughout the coue
lo obtain practical information on haul-road construct
They report that at many of these mine sites, especially
small coal mining and quarry operations, the haulway v
simply built by clearing a path éver the existing terrain.

While this practice is undoubtedly inexpensive, the en
neers find that the benefits were seldom long-lived. Beca:
it is difficult 10 construct a bedded rock surface free
jagged edges, greater vehicle maintenance is required a
result of excessive tire sculfing and wear. Furtherme
unless tharoughly compacted and stabilized, such ea
roads cause dust problems, especially during dry seasons
it is not controlled, the dust contaminates air-filtrati
components, brakes, and moving parts, making frequa
replacement of these items necessary.

Dust also represents a major safety hazard to the vehi
operator by reducing visibility. Eliminating the ds
problem requires continual wetting of the surlace, whi
represents yet another maintcnance expenditure. Wh

Table 2. Road Adhesion Coefflicients of Rubber Tired Veh cles

Roesd Adhesion Road Adhesion

Road Surface Coefficients Road Surfece Coetficients
Concretle Rock

NaW ... iiiiiiiiiinecnananens 0.80t0 1.00 Crushed ........c.ccecienan. 0.55t00.78

Traveled ......coiiiieinnenns 0.60t0 0.80 WL . iiiiiiiveieniearccacanns 0.55t00.75

Polished .....c.coivinnrnenne 05510 0.7%

Wet ..t eeree 04510080 Clnders

Packed ...........c.... vesss.. 050t0.70

Asphalt Wet ............ eeeeeennans 0.65100.75

NeW it e, 0.80 to 1.00

Travoled ............ eeenens 82 to ggg

Polished .............cv0vuee 5510 0. Snow

Excess Tar ...... NOPTRRRR .. 05010080 f_:g::" srresereneseeienen g:?g:gg:gg

Wet ...ttt 0.30'00.‘0 Wet ..':::'.'::.:.::.'..‘... 0.30'00.60
Gravel <5 10 0.85 ce

Packed & Qiled .............. 0.55100.

Loose ....... esecenans ceess 0.40100.70 Smooth ........... . . 0.10108.33

Wet ...... titeeenccesonaa ... 0.40100.80 Wel ...iieiiiiiiriienane ee.. 0.05t00.
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FINAL Triassic Park Hazardous Waste Facdivy

Section 3223C: Subbase

SECTION 02230

SUBBASE
PART 1: GENERAL
1.01 SCOPE OF WORK
A. The Contractor shall furnish all labor, materials, tools, equipment, supervision,

transportation, testing, and installation services necessary for the installation of
subbase where shown on the Construction Drawings. The work shall be

carried out in accordance with these General Specifications, the CQA Plan, and
the Construction Drawings.

1.02 RELATED SECTIONS

A. Section 02110 - Site Preparation and Earthwork
B. Section 02225 - Road Base

1.03 QUALIFICATIONS AND SUBMITTALS

A. The Coantractor shall abide by all qualification and submittal requirements of
the CQA Plan.

1.04 CONSTRUCTION QUALITY ASSURANCE

A. Work will be monitored and tested in accordance with the requirements of the
CQA Plan.

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and -
the Contractor shall account for these activities in the construction schedule.
No additional costs to the Owner shall be allowed by the Contractor as a result
of the performance of the CQA activities.

C. On-site testing as specified in the CQA Plan for the subbase (which does not
include quality control testing at the source) will be the responsibility of the
CQA Engineer. The Contractor shall cooperate with the CQA Engineer
during all sampling and testing activities. The Contractor shall provide
equipment and labor to assist the CQA Engineer in sampling. The Contractor
shall provide access to all areas requiring testing. The Contractor will repair
any damage to finished work caused by the CQA Engineer's sampling and
testing activities. '

D. Quality control testing of the subbase at the source shall be the responsibility
of the Contractor.

Revision Ne. 0
I 02236-1 v
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FINAL Triassic Park Hazardous Waste Facility

Section 02230: Subbase

The CQA Engineer will coordinate independent surveyirig required by the
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor
of his responsibility to lay out, control, and document the work.

F. If the CQA Engineer’s tests indicate work does not meet the requirements of
the specification, the CQA Engineer will establish the extent of the
nonconforming area. The nonconforming area shall be reworked by the
Contractor at no cost to the Owner untl acceptable test results area obrained.

PART 2: PRODUCTS

2.01 MATERIAL FOR SUBBASE

A. Subbase for the work shall obtained from the landfill or surface impoundment
excavation or from on-site or off-site borrow sources. Subbase material shall be
free of metals, roots, trees, stumps, concrete, construction debris, other organic
martter, and deleterious materials and coatings.

B. The subbase shall classify as SM, SW, GM, or GW according to the Unified Soil
Classification System (ASTM D2487) and shall have a maximum particle size of
3 inches.

PART 3: EXECUTION
3.01 SUBBASE COMPACTION CRITERIA

A, The compaction moisture content of the subbase shall be between 3 percent
and 3 percent above optimum moisture content determined in the modified
Proctor compaction test (ASTM D 1557). The minimum dry unit weight of
the subbase shall be at least 95 percent of the maximum dry unit weight
obtained from the modified Proctor compaction test (ASTM D 1557).

3.02 PLACEMENT AND COMPACTION

A, Subbase shall be placed at the locations and to the thicknesses shown on the
Construction Drawings

B. Subbmshzllnotbeplaceddimcdyongeosynthztiaunleureqniredbyl.:he
General Specifications or Construction Drawings. Subbase may be placed using
a backhoe, front-end loader, belt conveyor, spreader box, or other method
approved by the Owner in maximum 12-inch loose lifts.

C. Final spreading of the subbase may be performed using a low ground-pressure
dozer (Caterpillar D6H-LGP or other similar equipment approved by the CQA
Engineer), low-ground pressure front-end loader, or by hand. The trackzd
equipment shall operate only over previously-placed subbase or other soil. The
Contractor shall not operate equipment directly on geosynthetics.

Reovision M. 0
. 02230-2 prvs
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FINAL Triassic Park Hazardous Waste Faciliey
Section 02230: Subbase
D. Unless otherwise specified by the Owner, the equipment used to spread subbase
shall not exert ground pressures exceeding the following:
Allowable Equipment Thickness of Gravel
Ground Pressure (psi) Above Geosynthetic (inches)
<5 12
<10 18
<20 24
>20 36
The maximum allowable equipment ground pressure shall be 65 psi. The
acceptability of equipment operating at ground pressures greater than 65 psi
will be evaluated by the Owner at the Contractor's expense.
E. The Contractor shall operate equipment in a manner that is protective of

polyethylene pipes and underlying geosynthetics. If it is suspected that damage
to polyethylene pipes or underlying geosynthetics may have occurred, the
Owner will instruct the Contractor to remove the overlying material to expose
the potentially-damaged materials. The Contractor shall repair, at his own

expense, any observed damage, in accordance with the requirements of these
General Specifications.

3.03 FIELD QUALITY CONTROL

A. All Quality Control testing required by these General Specifications and/or
conducted at the discretion of the Contractor shall be the responsibility of the
Contractor.

B. If the CQA Engineer's tests indicate work does not meet the requirements of
the specifications, the CQA Engineer will establish the extent of the
nonconforming area. The nonconforming area shall be reworked by the
Contractor at his own expense until acceptable test results are obtained.

3.04 PROTECTION OF WORK

A. After the subbase has been incorporated into the work, the Contractor shall
maintain it free of ruts, depressions, and damage resulting from the hauling and
handling of any material, equipment, tools, etc.

B. The Contractor shall use all means necessary to protect all prior work,
materials and completed and partially completed work of other Sections of
these General Specifications.

C. In the event of damage, the CQA Engineer will identify areas requiring repair,
and the Contractor shall make repairs and replacements necessary, to the
approval of the Owner at no additional cost to the Owner.

Revimns Ne. 8
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Section 92230: Subbase

3.05 SURVEY CONTROL

A. The Surveyor shall survey the final location and elevation of the top of the road

base. Surveying shall be performed in accordance with of Section 01010 of
these General Specifications. ’

B. The Surveyor shall provide a Record Drawing to the Owner of the final

location and elevation of the final surface of the road base, in accordance with
the requirements of Section 01010 of these General Specifications.

[ END OF SECTION ]

Lovision Ne 0
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Calculation Cover Sheet Apendix E-30

Project Title:

Project No.:

Calculation Title:

Triassic Park Waste Disposal Facility

602-0200

Vertical River Bearing Capacity

Namé Date
Prepared By: Paul Pellicer 11/13/97
Checked By: John Pellicer 11/14/97
Reviewed By:
Revisions Date By Checked By | Reviewed By
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7.0 DRUM HANDLING UNIT
1342002
7.1 DRUM HANDLING UNIT DESIGN |4-Ana—?7

7.1.1 General | TAeun )7w]v.

The purpose of the drum handling unit is to provide storage capacity for drummed waste
streams which will either be processed in the stabilization unit, placed in the landfill, or shipped

to other waste processing centers such as incinerators or solvent recovery plants.

Drum handling unit design elements include drum handling unit layout, subgrade design; liner

design; concrete floor design, and drainage sump design. This section describes each of these
design elements. :

7.1.2 Drum Handling Layout

Drawing No. 37 (Volume M) shows the layout of the drum handling unit floor plan and
surrounding area. Additional details for the floor and floor drains are illustrated on Drawing
Nos. 38 and 39 (Volume III). '

As previously discussed, the drum handling unit entrance faces the north access road. Incoming
trucks will enter the gravel lined apron and will back up to the loading dock areas. Once the
truck unloading (or loading) operation is complete, the trucks will exit the unit via the same
north access road. Parking areas for site personnel vehicles will be designated near the drum
handling unit office. The gravel apron in froat of the unit will not be used to stage waste haul
trucks. ’

The drum handling building will be an open walled building with a roof which extends over
the entire floor and truck docking areas. The roof structure will eliminate rainwater from
entering the drum handling area. The open walls will provide ample ventilation inside the
building, however, personnel involved with drum sampling and decanting activities will still be
required to use supplied air respiratory systems. As discussed in Section 1.5, during winter
months the site will experience temperatures as low as 14°F, with average daily temperatures of
36°F. Under the most severe conditions, freezing of liquids in the drums may be possible.
Therefore, during periods of extended low temperatures, drums will be monitored for any sign
of leakage or damage due to freezing. Damaged drums will be immediately placed in over pack

units to ensure containment.

e
The 49,265 sf total floor area is divided into[7 drum storage cells| with each cell having a
separate drain, collection sump, and leak detection sump. 63-it Tong by 52-ft wide cell is
'*WTwoofthcuﬂsmMmdu ce S are

fequired to be isolated from other drum storage cells. The 0.5 ft high by 3.5 ft wide walkway
which surrounds the TSCA cell provides the necessary isolation. The remaining five cells are
also separated by walkways. As shown on Drawing No. 38, (Volume II) drums wtll be placed
in four rows, two drums deep. Two 12-ft wide aisles will provide access for the forklift to place
and remove drums. Any drum spills or leakage will flow to the deep drain located along the
centerline of the cell. The drain bottom slopes at 2 percent to the sumps located on the south
side (rear) of the building. Any fluids in the sump will be removed through the LCRS and
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8/



LL W TN

566,300 ¢

~ b

i oy 1

g R4zLoZ

g Tranit frb
!\. ——‘%—'3
1%

i

£9

]

i

;éi

i - P
sl 3 | <3
9 100 X < ¥SI

e 3| @(m (u.
- e a J k
aIpE] & 2 | 8y
Al (1«3 o W | '=x
Q 7 Q i
WQ_ X<
!5 Wl L@ (=3
“lilill ¢ © | Sy
R HIT L I <
of |sid W
S 5 153

! < [ &

= i {

o H

A\

z L]
il
Iy
4 L .
: : i
<
: i i o ;lhl
y TR §§ ‘unt
} S g 1
1500 v < E i oy si 2 ii!
j i a! g P 2%6°.50C v
< \ 3 i 2 \
° . L A -
VU THE/E NS o
‘ - | = L‘Tuar \\ v\ \\ = l _ ‘!./
\ Klf\ \ AN // n ’_V
N —;-'1 N T - ' ‘4"“ .
x oo 8y - g
v o | o | oo | wn «f [
3! | |, v | | ——-— Ll 'E
Et - | AR | RN W | | — A
N SN NS | WA | I | SUN | S S ;g‘
| — (2 | — — |
Q. B | N | NS | S| |
N P | S| | R | G| S| S |
" s | | | s 1 o
/" | . | N — AR ; /
: : AL -
! I__.:-—-:-!—--‘_‘"?1-----‘--%B:--—-—-i , i
: g al T X mmmmsm— i !
i s -l 0, % . : |
L H] ;
: ‘\LJ - . :i, o :
; 1l : [ s !
: : " c -_k!ri / l
| L] itk :
\ , ,' H : ] \v_: . . l I
. gt e,
] — ~
| o ;
i . / il
i . |
| |
hlandid ““” v.ﬂl"lﬁ




cacttigTe 74#(:([_ PP‘L! wa‘l*/ D‘S;ZUG\ EL'\L”

@ MONTGOMERY WATSON v 1342002 SRS
: Mining Group Cparyenz, e A Hice Taz /ﬁ'ﬁ'u%97
Trecken 3. \ﬁ[,/ cer i '.\G/ ﬁ

OBITECTIWEST DQL‘,’)\-\\,\L \l—o\«m(, ot L?cbw‘c\ Wack SH—OX, Un;')‘.

C Toule Volume @ G000 34 (<pe 7] 2
Numbi of Toa: 4 (cu pg.2)

Waste ¥olume: (4— %"m-\‘U> (ﬂ,wof{:} = 3G, MW 5a]

Un b Prutess CQA\’ SO0Z



4N0AYT 40 FOVYNOLE ONV O Sl R oot 1 ou Cremve0 378 N VRUCSe NIDY) OWY S3I0R WWINID BOS (.
ONAITIIN TIEYM BNON) B ey o R - soque)_
TEYTYIT Y ETIRe TR TS r*o “ 04 wh \k
ALIMOVS TvY8OdS8Id I18YM ' —
. (=) P cyen e ea -
NHVd OI8SYINL - . ﬁn.. oM. !
' ,1\3.9 , . wy c.....t, ) ]
Y. [T ] o ] prevorn " ' 3 ) von & . _
s ..H.u_n..u hmﬂ.w....nﬁ.liti.l + 1 ' KA I
T Bt . e SN “
uopINNUOY) 104 JON X ! St \/

SN
T L] 0

\u.lla%/
A el —

WIS IF N

“ ) | | w4 ﬂl 3 = — =
s0-{ |- rovve 0w u\ s ol /.! w03 -] .00
| - Biopion 14 \ w0 23103 wor1 29709 by
, .

s o T o
on \ .
" » - n
oL
ove acciq!lvu\ ™ ' .
v 31 WINOD ooy ] ‘.
e e ]
Al 1] 0" . N
LAV LN
- »




Sem et Namre TA/”SS.’C fpd(\‘\ wajl{ DL’#\.,’" f:!:( "~
! 2

@ MONTGOMERY WATSON Bowsoiiumeer 1342002 Sreer v 2
Mining Group sezaesy, T Pilicws Jae _13-Pue =99
Date J

Shaoaag By

O RIECTIVE ¢ Dt\kﬂm‘.m V-Q\VML, O# E"@Poﬂ)’wﬂ Pav«j
1A o~d 1B. (/e :mrw‘ 2517)

Pmd 18 |
Dimeasims @ Elav 412’#? 296% H‘ 17 138 P" ’

Dmenios @ Elw 4 P2 zezs \-7 g5+

\ ) |
Are o 4z e Res B) (zetr): 392s0 73 -
A @ 411 PR (22 H) (ect)s 19,2 T *

\LH' (cwiwﬂ | Mli"w\)

1339 + 1902} % 12 P 350,330 P
2

ok Dyt =
P-"J 153 \-,L‘\\v—é (3

2,623 4o d‘J

Ped iﬁ— Yoluma = 359, Hig - ‘;A—bé__»_JE -~
32

Pod 18 Yolume = 2,623, fQ 8’9 simow i+ Vs ki

'\—o)-*Q vﬂ\\u\—b" CZ\(Z,VZ—'S, ‘F\Ngv&\ = §,z+b,qaoa~p = §‘,2.SV,\W\75
Unﬁ Pro mss Cuh,: _TOZ



CONTOUR WTERVAL 1 FT.
CORTOUR MTERVAL 2 FY.

Aargee 3 i_ o Np-- T T .Iw—w
~) &
S ; = //
‘W [(———— m(|.1| ..._g.v...ln..ﬂ.. H.M.MHH-./ /JJ
ﬂ; o E— artt) K //
E | N
vlu«.m .v,.. _ J
4110 —— .lo_;
& w mf
, N Al RE \.E yox /l!- o
A _mww...ll_._._ B = r s
i fet— e
a0 cre ) K 3 3 - -2 > L ..... ﬁ. ”ﬂ - utl. 1.4. _“. m -
Q
e 410 — = JAI L— 01ty
S Q
1121 ALY M m
/ Q N
N
s
(

M GENERAL NOTES AND LEGEND NFORMATION SEE ORAWING Ne. 2.

©x, L£GEND AND GENERAL NOTES".



son 2 Narea TRN‘HJ‘C pA‘Z L V\'IQJE Dr3f°3'b R-U\‘l

MONTGOMERY WATSON e s Numeer 342 92 - 2
Mining Group Sinpengy T PRIigey cae _ U4 'ﬁj - ?i
D RLEDY:Y M/ 7 RESER iﬁ‘ A

06 TNE:  Dehem) ¥a lume o¢ wosty, N be s%'ﬁ/ -
e d pert o Ded Bl S auly 1199 RST)

- ¥ g ey

memap © Civil Sate S

\LQLJ»{ : 553, 249 c7 (gu, r] Z,B
Uak  Prituss C&b\ﬁ. D29



-
-

- NV OIS ...._.l-ig . .vV.Vh d \h\ Y .

ALINOVH TVEO48I0 ILSVM n nt \m\

, ]

WHVd DISSYIHL N e =
P O ) —

e eI s et ¢ o

?
e
'
1
{

L
)

A,

< |

sy | i | o } e - G am———

uonONI LoD JoJ JON

Sl
I %
t . ‘ .
of ] ~
I M i ! v
S
g kK
: LS
g/
'
%
SR T s .

AD ONICES W' Piviy WOs BWVIOA 134 JISVA €

D 2POwE § N0y Oy SIWO0® 18

-
" »
\
e
)
W ” i
i l‘{ N |
gkl
| l!‘{s 11
filln
bk
7%

..
¢
. 2 ¥ ;
1M LBNDNY OBO AN §4 1AW WV ROV SHWVEO0SO0) § - \\‘ “ 4 ’ _.“ ! \A... ed
07108 WYBI0 Ow GNIDD) ¥ PR /- \.\\\ H UJ 3]
1 o4 Dmavyg T¥E WO YRWO S ORIDT ey SJI0N WYINID ‘f‘-—r ’ o \\\\ .-. ;L —
Al
’ o (L) . Y wes pomee M . ;
/ 11 /A ) bt
W0 275 v SSIOIV — r _.“ K
' LHE r
\ \ H [
—— : ' SEUNUUN P B [
st 20 207 s [ esw— b
1 Syl GRIEEEIR S It
& B « e [ = L - | - - - - « &LALl) b3
i SRS ) E e | )¢
bt - Tm m ] e —————— A
19vas w0 10wy + e W T e ht
.\ Py v — P [ — T !
£ ho il et Yo Sy - .“"
H
+ 2w H " - -
| /o Y S A oo IS LI =
SN N —— S S Ry S ™ ' S S Pt
s nlllzl!u.!
:
409 v “
el e L H
209 bt Y

Y i e Sy



@

P
e Name _JRIBENC PA(\L‘ AN 3'<om‘ Pl }:/L

MONTGOMERY WATSON prpec Nurcer 342 (1020 I
Mining Group . B T o Wi P 3———,’ |
Crecxan 3 W Cate L

o wasw <ol Vizoben

D3ITECTINES Dederming \}-0 Mt
”;7\!;\‘3 bi\f\s-

/\]ur-l:n— 0‘@ M\g'»h B'\V‘S . 4’ (S‘*L fa 2—3

Boa Malume ? <z.3 o ( m\(mm e T S)oy
su Pka |

A'§5VW‘L'; ’g' lj)—h} ”
44
dolum o Pond MWage:  15kry L Slue . ’errua,

\v(-o\uw-k— - q_\,q—\_a. -Z—%ﬂ; . ’}.-ﬁ’%%p = IT4,+79 8»}/4[3,
= 1S0,QW 3!\“9-3

Unit Pouss Cabe * TYA



ANTVIONYENY TVEINIO
AN NOVLVYTIVOVIS

UUR. 1l

T =T —

ALIMOVY TVEO0d8IO JA1BYM
UVd JIS8VIML

- v ow Wigr ‘W) B ¥

wote [ewemre | s ras § mve e i 8

Ll B B =2 ——_— o e

uoyoNNsUE) 104 JON

HOOOQ M, 108
SSII3V NI N0 CvO?

NN NN N

L
A L ATRI XX -,
AN
NERNCER NAEENGEN
SOONL O Y
/N,. R ,/ »0S
SRR
, Su2101 A
NN

e T eme s B |
sg2v/ar
Agvmud
--MVY 0

owI§ Of JoN @

Eond
oMavol OYS

14
- \
INJOVIN AHO -

. 898 0f JoN @

t« utw!;—g
INTOVIN ANO

S¥O00 N 1I0¥ A\
SSI20V yIMIVH J1SYM

T

i

=]

NOVIS 1SNWHNI

=,

e

o3 o (D
On) DN (D

aN3931

N e 7o

SuIgwosey 7 Gy W%
ADUINT IdOH FIM

-1t n ..,..:l
. _ . S ._... !
S : “
ia=in
REIRE ‘ -
P ] 4” L o o= wﬂww.- /.uu“.
=3 T T4
e | o B ) —

o

ey




NOIS30 e Oy

AN NOVLYIVEVIE

|SAVOSSY ¥ LOAJS || Oy |

' Seaveo

ALIMOVA VEOdSId 318YM
NYVd Jissvi¥L

i _.HH o] o = X
el ™ ™l
» — . | .

M ,

ﬁ &
o

st -6

Owiiw uveOL is y
!
-~
onin




i MONTGOMERY WATSON

Calculation Cover Sheet Appendix E-40

Project Title:

Project No.:

Calculation Title:

Triassic Park Waste Disposal Facility

602-0200

Permeability Tests of Compacted Clay Liner

Name Date
Prepared By: John Pellicer 11/17/97
Checked By:
Reviewed By:
Revisions Date By Checked By | Reviewed By
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G

I

+-oW-REMP PERMEABILITY TEST
Meicery M
joBNuMBER: 7 53 - 7234305 BORING: N
PROJECT: /2 /L3l SAMPLE 90/ z= /
DATE: /L’[//‘E DEPTH: //M?&c@/%ﬂ /Zﬂé
SAMPLE SPECIFICS ' |
Langth Axem): . é Z / 9.4 7 MOISTURE CONTENTS
Dlameter cmi /-2 7 A 4/ | maL FINAL
wetweight@x 4. G €90.7 | \wet waignt » Taeig ) 2/0. 75 /'050.4
\' Dry Weight + Tare (g) /W?al q¢F.0

READINGS Tare (g) ﬂ(? S3.c0Y (ed. & Z- /2
Cail Pressure (psi): / Moistura Content (%) / ‘/ﬂ / /4. T |
Back Pressure (psi): / PERMEABILITY CALCULATIONS
Effective Strass (psi): ' / Flow Rate Q (cm/sec) /

Motor Speed (1-12):

/
/

% Max:

H (cm) /

(high setting, ignore/decimali point)

DENSITY CALCULATIONS
Area (cm32): 4! 5 /
Voiume (cm): 3 99. 3

Wat Density (pcf): [31. b’

DryDensitf(DCf): //5'5

(tfrom How rate chart)

Area (cmay ' /
Apparent Velocity (v) = /
(omve) (SEE NOTE] 7

Gradient(N=w H =

z0

W e

Permeability (K) = v =

{cmi/sec)

v

NQTE: Can use column 4 of the chart only it the sample
is 2.8 diameter.

REMARKS

{14 %nlc

397X | 44)(//4/-——4} o = fﬂf/
/

[ 44/ ZJMMM/

N
/Zﬂﬂe 5.f GOLDER ASSOCIATES INC.
5.7 o 28/ LAB - FLOWPUMP - 1

///ﬂ"—’{/"./



CONSTANT VOLUME PERMEABILITY / ASTM D 5084

PROJECT TITLE:

(For use with Manometer Board)

@

TERRA MATRIX/LAB TEST/CO | Coll Pressure| 100 _{pel
PRQJECT NO.: ‘953-2903 0?2 Sample Pressars =| 93 el
SAMPLE ID: i | remold at ! 16. 14.0%me Rmf= 1
Sampie Deta, Imithe)
Height, cm = 9.62 |g.sg
Diamewr, cm  7.27
Ares, "2 4151 Masemster Constants:
Volume, an™) 1¥99.33 Ml = 0.06 cm*2
Wet Mams, g 3465 M2 = 1.48
Moistare Conpentt, % 14.1% Sempis Constaster
Dry Deasity, pof  113.9 | S= 03 aai
Spec. Orevity  eébe Specifis Gravity Constass:
Void Ratio vt~ G- 2.6
Samrstion, § L= Tost Constant:
Effective strees, pai [} ) Ce= 0.0011
i Trinl Constast:
Plpeos =  24.83 Te 009
Anmuhs = 9.3
Gradiont 20
50 . 0.919 ,
3 25 | 1523 [ »nes 12| 72607 | o086 3.78-08
38 40 320 23.13 1.7 4.TE07 O.D! 3.38-08
(.14 2 4040 2.3 2.53 2.7EQ7 0.758 7.5E-08
% _] o 00 | 217 | 315 | 20607 | o701 7.28:08
106 30 @90 | 2125 | 36 | 1TEQT| 0.658 7.2808
123 0 nm | 2088 « ltseqy o060 7.1
170 0 10200 | 19.85 s | 1LlE07| os29 69808
213 0 | 12810 | 191 | 573 |ssEos| o.4% 6.3808
130 0 15000 | 1835 [ 63 |73e08| o3 | _6TE0S |
77 2 1940 | 1811 | 674 |6sE08| o3m 6.68-08
31 0 18600 | 1735 | 7.1 |soeo8| 0326 6.68:08
0 9 0 [] 24.83 | mivol -1.380 DIV
Q L] 0 (] 24.85 | OVl -1.380 OVt
[ '] Q0 (] 4.85 ) /OIVoL . ] YOIVt
0 ) ] 9 i85 Trover | 138 | ol
0 0 0 ¢ U85 | sover| 1300
PERM| REFORTED AS ** oIV
amiess ™
Hydraube Coaductivity vs. Time
1.0807
K | a
' ¥ :.:: e
~7 Ty
- 1.0808 ‘\'ﬁ"‘ ——
40808 ot
i g T
3.0808
- 4.08408
/
i 2.0848 —
a 08408
1.0848 —
10 2010 40 0 W0 1000 12010 100 1M 100 200
Thme im see.

= B
DATR: | _to/em7 |

GEOTECHNICAL TESTING LADORATORY

GOLDER ASSOCIATES INC.
DENVER, CO

CHECKED:
DATE:




RIDGED WALL PERMEABILITY
ASTM D 5084

33

PROJECT TITLE: T2l bemmoor/ 20 TSl DinionRreswure =| /77
PROJECT NO.: T % - 230 5 SemprEPrenure =| A5
SAMPLE [D: / [ G, 7l /4D Run# = /
Dag, Initi
Height, cm Calculadon Constants:
Diameter, cm %098 7. 2/7
Areg, cm*2  39.54 Manometer Constants:
Volume, cm™3 _ 0.00 Mi= 003 cm™2
Wet Mass, g | M2 = 1041
Moisture Content, %{_/4. / | Sample Coastants:
Dry Density, pef_#DIV/O! S= 000 wm'-l
Spec. Gravity| — | Spedfic Gravity Coastant:
Void Ratio #DIV/0! G= 1256
Samrauon, % FDIV/Q! Test Constant:
C = 0.0000
Initaj ’ngt_nn Trial Coastant:
Pipstts -i ?LA ?ﬁ T = DIV/O!
Annulus = |
ABIEITY
0 A _0__ | #DIV/0!) 4DIV/0!| #DIV/O!
27 129 0 [723.59] 0o |#DIv/ot| /DIV/0!| 4DIV/O!
28 147 0_[73./6 1 0 |#DIV/0!) FDLV/O! 4DEV/O!
_gj 20 0 _172.%7] _a__|#Diviol) yDIV/0t] FDIV/OL
A 129 0 12/(,70| o |sorvio| forv/otl smIVI0L
106 1 37 0 _11/.2 0__ | #Div/o!] #DIV/0!| #DIVIO!
13 2 0 120.95] o !worviol sorviot sorviot]
(74 1 3 0o /9. 4] o [sorvior] /orviat| /iviot
113 1 ¢ 0 [[9 (Ul o |#piviotl ¥DIviot| /Oiviot|
250 | 9 0 [1¢.55 | o | eiviot] mrviel| /miviol
z | 2 0__l/¢. /gl o |miviot| rOrvior orvior
2/ 1o 1 o [i9 0| /mrviot] /mrvio!] /oLviot
[) i 0 | /mrvioy] /miviol} mIviot
0 Q__| /Iv/ot] FDIV/0!| /DIV/0L
0 0 | sDrvrot| /Drviol| /DIVioL
0 0__ | /iviot| yDrviot| mIviol
0 0 | /DIv/0] sDIV/0!| #DIV/0E
PERMEABILITY REPORTED AS *+{ /DIV/0!
cm/sec **
TECH: - CHECKED:
DATE: DATE:

GEOTECHNICAL TESTING LABORATORY

GOLDER ASSOCIATES INC.
DENVER, CO
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|5 :AMEABILITY TESTING .

BACK PRESSURE SATURATION
“ROJECT f///éﬁ/g 'rj{rc,ﬁ-z,/ﬂh?"e/ﬁ JBNO. 753-7%307> DATE Or— /
-ORING NO. ' ! SAMPLENUMBER 472 92/ DEPTH
SOLDESCIPTION /46 & ). p TESTED 8Y , APPROVED BY

————

N @

N S

WAL LN |
SHNR

S BERRIIESK

§ |

>3 o AN

ggﬁs I

nég__‘\; ';

e S s By B o o T

g =
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FMEABILITY TEST

Mgy P2

“1L

osnuMeer: 953%-2%075,

PROJECT: 7. A

DATE: //// /3

QRING:

b7oisanes: 0T 022 Spf 1= s

117 D /5.0 e

DEPTH:
SAMPLE SPECIFICS /
Length (LYcm): ¢ 55 2.65 MOISTURE CONTENTS
Diameter cm): /. 27 / 7.373 | nmaL FINAL
wetweight @ 40,7 ] P63.5 | lwet weign ~Tanie (75767 | 947.9
IA

i Dry Waignt + Tare (g) ZZé.?? goo.zy
READINGS Tare () ‘X /7 7?-2? g9.9/ Vv /
Call Pressure (psi): (07 Moisture Content (%) i W7 ¥/,
Back Prassure (psi): ? 5 PERMEABILITY CALCULATIONS
Elfective Stress (psi): &5 Flow Rate Q (cm/sec) /

(tfrom tlow rate chart)
Motor Speed (1-12): / Area (cm3). /
% Max / Apparent Veiccity V)= Q = [
/ (cnve) (SER NOTH] A /
H (cm): : . ’
(high setting, ignore decimai paint) Gradient () = _g_ - 70
DENSITY CALCULATIONS Permeability (K) = v / ./ X0 -7
, (cmy/sac)
Area (cm3): 4 /. 5’ /
Volume (cm3): / ?ﬁo 4
Wet Density (pef)x / 3 0:/ NOTE:. Can use column 4 of the chart only it the sample
_ [ / 7 / is 2.87 diameter.

Dry Density (pcfy: .
REMARKS /// /4 Z-

Y785 11T XKL 16 —62.4f = 9260

(0.4

12992 6-4
(708.3 100
4,/08’.3 |

GOLDER ASSOCIATES INC.

¥24. 0
7¢/-97

11089

LAB - FLOWPUMP -



CONSTANT VOLUME PERMEABILITY / ASTM D 5084
(For use with Manometer Board)

c

PROJECT TITLE:  (TERRA MATROULAB TEST/CO Colt Proasure{ 100 Jpal
PROJECT NO.: 953-2903 0 Sampls Proasure =| 95  Jpul
SAMPLE D: romoid st_t11.7; 16.0 e Rmf=f 1 |
Sampls Duts, Imitin}
Height, cm  9.5§ R
Diasmwe, cd  7.27
Ares, "2 4151 [Masemeter Comstanin
Vohane, cm™3  396.43 Ml = 0.06 "2
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RIDGED WALL PERMEABILITY
ASTM D 5084

PROJECT TITLE: 2+ ar yinm r- v /<2 27

"/ Piston Pressure =

ps

PROJECT NO.: : Sample Pressure =
SAMPLE [D: 2 72n ! L AR Run # =
Data, Init
Height, cmi 7, 55 Calculation Constants;
Dismeter, cm 2005 7.7
Ares, cm"I  39.54 Manometer Coastaats:
Volume, cm*3 _ 0.00 Ml = 003 cm™
Wet Mass, g2~ | M2 = 1.041
Moisture Content, ®{_/7./ | Sample Coastants:
Dry Density, pef _#DIV/0! S= 000 cm'-l
Spec. Gravity Spedfic Gravity Coastant;
Void Ratio #D[V/0! G = 12.36
Satucation, % JDIV/O! Test Constant:
C = 0.0000
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Pipetts =| 74, " T =_sDIV/o!

Annulus =

2.5
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9
408 NUMBER: _ 45379073 BORING:
PROJECT: //r/za wm‘lw SAMPLE: 500 - 020 <o/ £ /
DATE: /0///4‘7 ' DEPTH: 05 per & (2.5 M
SAMPLE SPECIFICS ; |
Lengn emy: 2. 6.5 | 9.99 MOISTURE CONTENTS
Oiametercmy: /. 27 [ 7.4 2 INITIAL FINAL
wawsign@x__ 255/, 0 | 217.9 | |wetweignt - Taree) | 272 25 110730 ]
Dry Weight + Tare (g) /QQ(’L 4254
READINGS Tae A -77 32.92| /552|007
Call Pressure (psi): / 0 (] Moisture Content (%) / Z . 7 / d ¢ (2
Back Prassure (psi): “7 g PERMEABILITY CALCULATIONS
Elfective Stress (psi}: Flow Rate Q (cm/sec) \ /
(from flow rate chart)
Motor Speed (1-12): \ / Area (cm3): f
% Max: Y Apparent Velocity (v) =» _?_ - / \
(erve) {SEE NQTE} -
H (em): J \ Z \
(high setting, ignore decimai Boint) Gradient () = {!_ - y
DENSITY CALCULATIONS Permeability () = v = /¢ X //7 - 7
(cm/sec) + '
Area (cma): ‘/ /; /
yolgmo ({cm3): ‘/& {
Waet Density (pcf): / 3‘/ ; NOTE: Can use column 4 of the chart only it the sample
Dry Density (pcf): Z/ ?‘i is 2.8° dlameter.
— e N AW R
@r [ 9837 Mgge/dm\

DER ASSOCIATES INC
1200@ 6.5 Gé"

12685C 12.5 9011

A Zilé 2 LAB - FLOWPUMP - 1
| A




CONSTANT VOLUME PERMEABILITY / ASTM D 5084
(For use with Manometer Board)

PROJECT TITLE: |TERRA MATRIX/LAB TEST/CO 1 Cell Preasure{ (00 pal
PROJECT NO.: 933-2903 02 . Sampis Pressure = 93 pel
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‘Wet Mass, g 64 M2 = 1.48
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RIDGED WALL PERMEABILITY
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ASTM D 5084
PROJECT TITLE T @rr= /1= o< ' Piston Pressure ={ /00
PROSECTNO.: | 953-Z+40 3 Sample Pressure =| 75
SAMPLE ID: =~/ ! Run# =| 7
D ity
Height, cmi_ 2.5 5 | adoa Co
Diameter, ca #0995~ 7.2'7
Area. cm ™2 39.54 Manometer Coastants:
Volume. cm*3  0.00 Ml = 003 cm'2?
Wet Mass, g| B4 M2 = 1.041
Moisture Content, %{_t2 -3 | Sample Coastancs:
Dey Density, pcf_#DIV/O! S= 000 :m'-l
Spec. Gravity Specific Gravity Coansuant:
Void Ratio #D[V/O! G= (256
Saturation, % ¥D[V/O! Test Constant:
C = 0.0000
itia] Vian, Readi Trial Constant:
Pipette =| 4 &. "~ T = DIV/O
Annufus =|{ 7. = )

] i)
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| SAMPLE SPECIFICS ; ) —

Lngnxem 2.2~ | .97 MOISTUAE CONTENTS ‘

Diameter (€m): Z 27 ) 7 </ INFTIAL FINAL |

wawsgne: 245 5| & 77 wee Weight - Tara () | 2/0. 75 | 50,4
J Bry Weignt + Tare @) | /65, ?7 9¢Z.C |

2T lrgacives , Tare (@) ﬂf(? S3. 54/ [eD & | Z-/2

Cail Pressure (pai) / Moisture Content (%) / ‘/ ./ /J/’ T

Back Prasswre (Ps): / R— CALCULATIONS

Eltective Stress (pei): [ ! 'Fiow Rate Q (em/sec) /

1 (from flow rite chan) N /
Motor Speed (1-12% . |Aras (cmey:
9% Max: / Apparent Velocity M = Q = /
f (e 00 MO x 7
H cmp
(righ yetting, ignare/ddecimai point Qradiant () = _Mr - Z 0
DENS! 'Y CALCULATIONS pw(?;v.:gy 0=y = G b 72~ &
A:g (em®: 445 / _
- |velumae ‘(cm‘a: 399, } "
Wet Density (pcfy /3/-;i NOTE: Cuusocolumntolthochmonlynmoumm
) DUD"IS“YM //5.5 is 2.8° giameter.
ABMARKS' _IM /XA d /¢ 24
: I —s7.94 = j’/ 7z ‘/
[ 44./ & ¢ WJJ [
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RIDCED WALL FERMEABILITY
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ASTM D 5084
7 L )
PROJECT TITLE: W r’zh”T-/'t L2 T | Rision-presee ui /7L
PROJECT NO.: |__ 45 ST P s 3| Y
SAMFLED: |/ /// IR Run# s .
D
Height, ool 7,22 ) Saleulotion Coamapuy
Diameter, cn 093 7. 2
Area, sa™2 3044 Mapameter Copstants:
Yolume, 3 9.00 Mi= 0@ com?
Weat Masms. ¢ MZ = 1,041
Moisaure Content. %{ /4. Sampie Constants:
Dry Deanmty, pef /0! S=a 000 cm-|
Spec, Geavity| Specific Gravity Cunbtan:
Void Ratie /DIV/Ol G= [l.36
Saturadon, % DIV/0t Toss Conmanss
C = 0.0000
i Triat Consant:
Fpetis -y l-l‘ ] T = yDIV/Q!
Amsulin = | )
& fiaipm " et Zak SO iaion Zh Y
e 4 L o ey 0
) 4+, 9 MV gmmg,t 01]
2, 12 o 9% oLl vl mvior
L1/ Q %; { °] fR(v/0t) MIVIo) MV
2.2 9 . 9 __ | /DIvViol /DIVIoL gpIviol
_.% 0 0 FOLVION | FDIVION| IViot)
10le g o Twpiviel| /D[viot] IVl
1.3 ? " FULV/Q| YDIVLLARTVIOL]
‘24 J Q 0 OV YOLIVIO FDIVIY
/3 (74 T 9 ___#prvion #DIv/el sOIV/OL
oY 0 lig.9% 0 101] DIVIOL| VY
Y19 /ﬂ%__"_ LDLY/QLL DIV
2/ 9 112, 2 MMM
_| 0 Lyprv/otl JRIV/oll VoL
9 9 MMM
(] ¢ 101) JRIVIO Jp[v/oly
0 Q APLY/vt FDIVIL| FOTV/OL
) Q FOTV/0| #DIV/01) FDIV/ON
PERMBABILITY RCFORTED A8 <t /O(V/Ol
om/ees **
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DATR: DATR: L _
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FROM D QTLIZE AS3CliNTES FHCHE ~C. @ 129735304

./—' -

T e

“Ft:e’v‘d-;?MP FERMEABILITY TEST
Aigpry "'L_

JoBNeMeER: 9537 ?ﬂ 3/ _
PROJECT: 71t ) /? 767/ sampLe: LL0C. 0z '5P/ Z= s
!DATE. ’//’[/;'7 DRF 1M /07 [ /@ ﬂ.?‘gmc.-

'SAMPLE SPECTICS l

Length (L¥cm): .55 2.5 MOISTURE CONTENTS

Dameteremy 7.4 7 [ 7.3 | wmac FINAL
63.

2z

i
wewegm s £24.7 rj? 5 weweignt . Tare@ | 767 47| Fo/'7.G
,_ oy weign . Tarn @y | 224. 59| £20. 2%

READINGS o ﬁ{‘rm(gg K/Z 1 332.2% | 4.9/ ‘//.

Coll Pressure (psi); / ﬂ ﬂ Morsture Content (%) | /77 / ’ TA L
Back Pressure (i) ‘? 5 Ipeamaesuw CALCULATIONS
Effective Stress (si): 4 Flow Aate Q (emisec) ' /
) (from How rate char) /
Motor Spead (1-12x / | jArea (ermay
: L
. % Mac / { |Apparent Veiccity M) s Q = /
= / (amve) (SR NOTR A /
SANGT. ) | H(emk .
. CFl__(nign senting, ignare dacimai noint) Graaient () = t! - ZQ

' DENSITY GALCULATIONS Por(rcnr:rnancn;y 0=y = / /X /_0;- 7
Area (cmay 41.5/
Volumo (em): / ?éb 4
Wat Density (ot __.Lﬂ. NOTE:  Can use column -4 of the chart only it the sample

in 2.87 dlameear.

oryOensityete ([ 2./

WW//@ _
W/LLLL_MO

L Mr”
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PROJECT TITLE:
PROJECT NO.; 4 Sampte Prossure =
SAMPLE D: (3 ’ 1007 /7.9 Rug # =
Ca
Maoaneter Coastans:
Ml = 0.8 cm™?
M2 = 1.04]
Sample Coasants:

Dry Deusity, pof_fDIV/O!
spes. Qreviey[—_]
Void Ruio #DIV/OL
Samrwiion, % SOIV/O

oidal ® Readinzs
Pipers =| {7, 96
wﬂ‘ » ’

7 $= 000 cm*l
Sped B¢ Gravity Coasenant
Ga= 12356
Tesr Conctane:
C = 0.0000
Trizl Constans:
T = Dv/ot

RIS e
EM
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DRAFT

Chemical Effects on Clay H?draulic Conductivity::

James K. Mitchell, F.AsCE? and Fritz T. Hadsenz

ABSTRACT: Hydraulic conductivity and its susceptibility to changes with
time or exposure to chemicals are major factors in selection of clay for
use in waste containment barriers. Available concepts of clay-chemical
interactions and data permit development of conclusions useful for pre-
diction of clay barrier performance in waste containment applications.

Among the most important conclusions are that (1) the influences of
the many factors that can cause changes in hydraulic conductivity can be
understood from the perspective of their effects on the soil fabric,
(2) the influences of chexmicals on high vater content clays such as in
slurry walls are likely to be much greater than on lower water content
conpacted clays, (3) the effects of inorganic chemicals are consistent
with their effects on particle surface double layers, their effects on
surface and edge charges, and on pH, and (4) the effects of organic
chemicals are influenced primarily by their water solubility, their
dielectric constant, their polarity, and whether the clay is exposed to
the pure chemical or a dilute solution. The type of.test used may have
a very large effect on the values of hydraulic conductivity that are
measured. In almost all cases pure organic liquids will interact
adversely with clays by causing some shrinking and cracking, with con-
current large conductivity increases; however, dilute solutions of
organics have essentially no effect.

INTRODUCTION

The hydraulic conductivity and its susceptibility to changes with
time or exposure to chemicals are the major factors in the selection of
clay for use in waste containment barriers. Such barriers are usually
in the form of landfill liners and covers, lagoon liners, and slurry
walls. Much has been written about the influences of chemicals in per-
meants on the hydraulic conductivity of the permeated clay. There has
also been much debate about the most suitable tests for measurement of
the hydraulic conductivity for use in hazardous wvaste problems.

The purpose of this paper is to synthesize the available informa-
tion so as to permit the development of conclusions about chemicals and
clay hydraulic conductivity that may be useful for evaluation and pre-
diction of clay barrier performance in waste containment applications.
The following subjects are addressed: :

1?rofc:so§ of Civil Engineering, University of California, Berkeley, CA
94720, 7%, .

2uiss Federal Institute of Technology, Zurich.

] Mitchell /Madsen



CLAY LINER COMPATIBILITY IN WAaSTE
DiSPOSAL PRACTICE

By Richard J. Finno,' M. ASCE, and Willlas R. Schubart,!
_ A. M. ASCE

Assmaacr: Waste permeants can affect the value of fluid conductivity of cla
soils used as liner material in disposal contsinment systems in & Number ¢
ways. Varying chemical constitutents found in perTieants encountered in dis
posal 1Puﬂim may have different effects on the valve of fluid conductvity ¢
clay. To provide information concerning field performance, undisrurbed sarm
ples of natural clay liner material that were exposed to either Lndfll leachat
or acidic wastes in the field were subjected to physical and chemical testing i
the laboratory. Index properties and values of nm' conductivity of exposed ¢la:
samples, as well as unexposed control sampies, were messured. Chemical anal
ysis of both waste permeants and clays were performed to evaluate chemica
interactions between the soils and permeants. The resuits of the testing pra
gram indicate that the laborstory values of fluid conductivity of the clay sam
ples did not significandy increase due to field exposure to the various wasies

INTRODUCTION

Soils are often used in parts of containment systems in waste dis
practice to inhibit the flow of liquid contaminants into the environs
Because of their low fluid conductivity, in situ and recompacted ¢
soils are used as “impervious” liners for landfills and waste storag:
face impoundments. The liners are incorporated into an overall &
philosophy of containment in which leachate is removed from a la.
for treatment to reduce static fluid pressure on a liner. In many ¢
the fluid conductivity of a saturated soil is the controlling factor in
surface migration of waste leachates. Predictions of leachate flow thz
a liner can only be as accurate as the assigned values of fluid cor
tivity.

R?searth, has been conducted to study effects of various chemical
stituents on physical properties of clay. Much of it has been perfos
in the laboratory under varying simulations of liner exposure to che:
constituents. Laboratory testing techniques used in some of the sty
have been questioned in regard to proper simulation of the expe
conditions. For example, review of 8 number of case studies indi
that values of fluid conductivity have variations of two or three ot
of magnitude when one soil type was tested using different meth
In addition, laboratory measured values cf conductivity may be se
orders of magnitude lower than those which exist in situ. Olson
Daniel (20) and, more recently, Dunn and Mitchell (7) have presa
excellent summarizs of different testing procedures and state of the |
tice for measuring fluid conductivity of soils. In addition to the

'Asst. Prof. of Clv. . lllinois Inst. of Tech., Chicago, IL 60616.

'D:::dct Engr., Wath. Inc., Oak Brook, u.':qm.

Note.—Discussion open until May 1, 1967. To extend the closing date one mx
a written request must be filed with the ASCE Manager of Journals. The m
script for this paper was submitted for review and possible publication on
6, 1988, This paper ;s':ul of the Journal of Environmental Engineering, Vol.
No. 6, December, 1926. OASCE, ISSN 073.-9372/86/0006-1270/501.00. Pape
21098. : _ : _
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Attachment CC

Surface Water
Control Plan



APPENDIX F

SURFACE WATER CONTROL SYSTEM DESIGN

1.0  INTRODUCTION

This appendix contains the methodology, assumptions, and calculadon for the proposed channels,
culverts and ponds.
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SOIL LOSS CALCULATIONS FOR TRIASSIC PARK LANDFILL COVER

1.0 EROSION CALCULATIONS

In ocrder to evaluate the cover effectiveness for the Triassic Park Landfill an erosion analysis was
performed. Calculated gross erosion effects on the existing surface slope were evaluated in
comparison to State regulations. The equations and input parameters used to deteamine the gross
annual sediment yield for the Trassic Park Landfill are presented in the following sections.

The Revised Universal Soil Loss Equation (RUSLE) was used to estimate the annual sediment yield
(Barfield et al, 1981):

Y = ReKeLeSeCoP

Where: Y = Sediment yield (tons per acre-year)
R=  Rainfall factor
K= Soil erodibdity factor
L= Length factor
=  Slope factor
C=  Control factor
P=  Practice factor

11 AVERAGE ANNUAL RAINFALL FACTOR, Runous

The average annual rainfall factor was obuained for the following equation: R = 27(P24)22 (Barfield et
al, 1981). A value of 98 was used for the Trassic Park Landfill Cover Analysis.

1.2 SOIL ERODIBILITY FACTOR, K

The soil erodibility factor for the subject site was assumed based on site specific Soil Conservation
dara. The following soil erodibility factor was used for the Taassic Park Landfill analysis.

TABLE 1

. SOIL ERODIBILITY FACTOR
Dominant Soil Type . Sail Texture Soil Erodibility Factor (K)
Roswell - Faskin- jalmer Sand to sandy loam 0.30
Associaton

13 LENGTH FACTOR, L

The length factor for the sediment yield equation was determined based on the following equation
(Renard etal, 1996):

L=(an

72.6

Where: A= Representative slope length (ft)
m=  Vanable slope length exponent
The representative slope length was measured direcdy from topographic maps of the subject site.

The slope length is defined as the distance from the point of origin of ovedand flow to the pount
where the slope decreases such that significant deposition occurs or the flow enters a defined channel.

Triassic Park Lundfill Sediment Culeulatians : !



The slope length exponent is related to the rauo B of all erosion (caused by flow) to interill erosion
(principally caused by raindrop impact) by the following equation (Renard et al, 1996):

m=_§
(1+B)

—sin @
_ 0.0896

" (.0 +(aa D)3 70.30)

\Where: 8= Slope angle
1.4 SLOPE FACTOR, S

The slope factor is representative of the typical slope length found on the subject site and calculated
as follows: '

'S=  10.8esia (e)+o,b3 for slopes < 9%
S= 16.8esia (8)-0.50 for slopes 2 9%
Slope angles were determined from topographic maps or from design slope information.
1.5 CONTROL FACTOR, C

The control factor is used to account for vegetative or mulch cover. The following values were
utilized:

TABLE 2
CONTROL FACTOR
Surface Vegendon Condaol Factor (C)
Vegerated Condiuons No appreciable canopy, 0.042
60 % herbaceous cover
L6 PRACTICE FACTOR, P >

~

The pracuce factor is used to account for soil surface conditions, such as contour fucrow ditches.
The following values were utlized:

TABLE 3
PRACTICE FACTOR
Surface Practice Practice Factor (P)
Vegetated Conditions None 080

2.0 RESULTS

Based on the attached spreadsheet calculations a maximum slop length of 650 feet adequately meets
the maximum allowable gross erosion rate of 2 tons per acre-year for 6 %s slope and 30 feet.

Trussic Park Landfill Sediment Culiselutions 2
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CALCULATED SEDIMENTOLOGY DATA

FINAL COVER
SOIL ERODIBILITY FACTOR:
— —— . —— —
Soil Erodibility
Group Factor, K
B 0.3
—

SLOPE FACTOR:

Elevation
Change

Slope

The LS Factor was calculated by:

LS = (Sope Length/72.6)'m*(10.8"sin(slope angle) + 0.03) for Skopes < 9%
LS = (Slope Length/72.6y'm*(16.8"sin(slope angle) - 0.5) for Slopes > or = 9%
Where:

Slope <or=3%
Slope = 4%

5%>Slopo<10%'
Slope > 10%

COVER AND PRACTICE FACTORS:

m=03
m=04
m=05
m=0.6

RAINFALL FACTOR:

covers

R=98

11/9/97
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TRIASSIC PARK LANDFILL
CALCULATED SEDIMENT YIELD

The following spreadsheet caiculates the predicted sediment yleld for the project area. The gross sediment yield
is determined according to the Revised Universal Soil Loss Equation. ,

PARAMETER DESCRIPTION VALUE
Annual Rainfall Factor 98.00
Soil Erodibility Factor 0.30
Length Slope Factor 2.10
Control Factor 0.04
Practice Factor 0.80
Gross Annual Sediment Yield 2.08 tons/acre/year
Sediment Density 94.00 pcf
Gross Annual Sediment Yield 0.0010 acre-feet/acre/year
Sediment Delivery Ratio 90%
Estimated Annual Sediment Yield 0.0009 acre-feet/acralyear
Watershed Area 0 acres
Watershed Annual Sediment Yield 0.0000 acre-feet/year
Number of years 1 years
Required Pond Sediment Storage ~ 0.000 acre-feet

Page 1



‘ TRIASSIC PARK LANDFILL
CALCULATED SEDIMENTOLOGY DATA

FINAL COVER
SOIL ERODIBILITY FACTOR:
g —
Soil Type Soil Erodibilty
' Group Factor, K
Final Cover B 03

SLOPE FACTOR:

The LS Factor was cakulated by:
LS = (Siope Lengtty72.6)'m"(10.8"sin(slope angle) + 0.03) for Slopes < 9%

LS = (Slope Lengtty72.6'm"(16.8°sin(slope angle) - 0.5) for Slopes > or = 9%

Where:

Slope <or=3% m=03
Slope = 4% m=04
5% > Siope < 10% m=0.5
Slope > 10% _ m=0.6
COVER AND PRACTICE FACTORS:

RAINFALL FACTOR: R=98
cover 11/9/97



The following spreadsheet calculates the predicted sediment yield for the project area. The gross sediment yield

CALCULATED SEDIMENT YIELD

is determined according to the Revisad Universal Soil Loss Equation.

PARAMETER DESCRIPTION

VALUE

Annual Raintall Factor

Sail Erodibility Factor

Length Slope Factor

Control Factor

Practice Factor

Gross Annual Sediment Yield

Sediment Density

-Gross Annual Sediment Yield
Sediment Delivery Ratio
Estimated Annual Sediment Yield

Watershed Area
Watershed Annual Sediment Yield

Number of years
Required Pond Sediment Storage

cover

98.00
0.30
208
0.04
" 0.0
.2.00 tons/acralyear

94.00 pct

0.0010 acre-feevacre/year
90%

0.0009 acre-feet/acra/year

0 acres
0.0000 acre-feetyear

1 years
0.000 acre-leet

11/9/97
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Performance Curves 25 GPM Model 255

~ FLOW RANGE: 18 -32 GPM OUTLET SIZE: 12 * NPT NOMINAL DIA. 4*
1600 oo S . 6"
25 208 (10 HP)} 3350
1500 — ' RPM
Tli - . "
1400 OPERATING RANGHE: 18 t0 22 GPM
CARADTITGS BELOW 1A APY
SEE MODEL 168
1300 r =
, —
1200 -25315-:?9 (7' HP
1100 5
- 1
1000
AN
__ 800
'—
] 25550-26 (6 HP) |1
L 800 ] ‘”
il 700
600
500 —{28830-15 @ HP)}
. 400 =
- 11 (2 HP
300 ] hH e =
10-7 (1 HP R s . |
200 -
2 W HP) S o
ad
100 a H cm=sa
0 i RN S |
0 5 10 18 20 25 30
CAPACITY (GPM) : 1
,_
smmcmommmemmmwmoummm mmw.ﬁmm
6‘ MOTOH STAPDARD.'I.SJ WPIMSO hPM.
Alernate motor siroa avnilable,

194



YRRV

Model 25S 25 GPM Technical Data

DIMENSIONS AND WEIGHTS .
MOTOR | DISCH, DIMENSIONS (N | APPROX. .

__Mog N0 MG | W | soe Afs | clolglsww o ".’;-;‘!“F

255053 Al | 4 J11/2NeT[181] 95| 88] a8 [39]| o - .

265075 Al ¥l & NNt 209]107]w02] 38 (39| 28 : T I=l

55107 Al 9 & DyrNeTiay 18| 119] as (a9 | 2

28515-9 A 11| 4 J1veNeTlzzal 138 1as] 38 | 39| 54

2552011 Al a | a hvwzwerlag|isi|is2] a8 (a9 w | S

25530-18 A 3 ¢« 112Nt %1 | 2068 185] 38 | 39 %

235%0-28 ALl S & _NVZNPT] 512 | 38 | 76| 38 | 39 4] 1

255753908 A|712| & [1/ZNPT 88| 242 | 426] 54 | 461 108 | |

zsiomos | 8 | 10 6 [1vznPT 009 54 eas] 84 (84| 28 | | %

NOTES: Al modeie auitable for usa in 4° weite, uniess otherwise noted. e 0}

w..qnmm pump end with motor in e,

* Buit into sieeve 1'/1" NPT discharge, ' min. well dia. | é o
Fig. A | l E:!

Flig.8
MATERIALS OF CONSTRUCTION
COMPONENT SPLINED SHAFT (3-26 Sigs.) | CYLINDRICAL SHAFT (39 Stga)| OEEP SET (S2Stgs) |
Chack Vave Hcmung 204 Stainiess Steel 304 Stainiess Steel * 304 Stainloss Bteel
Check Vaive 304 Stainleas Steel 304 Stainless Steal 304 Stainlesy Steel
Ditfuser Chambor 304 Slainiess Steel 304 Glainiess Steel 304 Switivuy Sieal
impelier 304 Stainieas Stesl 304 Stainieas Steel 304 Stainless Sioel
S tikas kilwevoniwcios 304 Siamioss Stoel 304 Stainiess Steel 304 Stainless Steesl
inist Screen 304 Stainiess Stesl 304 Stainiess Stesl 304 Stainless Steel
Pump Shaft 304 Stainiess Steel 431 Stalniess Stesl 431 Stainless Stesl
Straps 304 Stainiess Steel 304 Stainiess Stesl 304 Stainless Steel
Cable Guard at 304 Stainless Steel 304 Stainiess Stesl 304 Stainless Sieel
__hl____._‘...._Pr'ﬂ inducer 304 Stainless Stesl 304 Siainiess Steal 304 Stainkeas Steol
Coupling 318/431 Stainless Steel 310/431 Stainiess Steel 320/418 Siainiess Sieei™
Check Vave Seat NAR/I04 Shainicss Stoel NBR/316 Stainloss Stesl NSR/318 Stainiosa Stee!
Top Bearing NBR NBR/316 Stainless Steel NBR/318 Stainiess Steel
impelier Ssel Ring NBR/PBT (Valen®) NBIVPPS (Ryton®) NBR/PPS (Rylon®) -
interm ediate Bearings ___NBR_ 304 Stainiess Steel NBR/316 Stainiess Steel
Shall Wuslms Not Required LCP (Vecra®) LCP (Vectra®)
Spilt Cone . Not Required 304 Stainiess Stesl 304 Stainless Steel
Spit Cone Nut Not Required 316 Stainiess Stesl 304 Stainless Sweel
Sleave Not Required _ Not Required __318 Stainiegs Stesl
Sieave Flange Not Required Not Required 304 Stainless Sweel
Coupling Key Not Required Not Required 200/304 Swiniess Steel™

_ NOTES: Specifications are subject o change withaut notice.

Vaiox @ 18 & registered trademark of General Electric Ca.

Vectra @ is a registared wedemark of Hoschast Caianose Corporation.

Rylon @ is a registered trademark of Philips 68.

" i{ using 4° non~elandard Motors, refer %0 STWA2W/431 Stairlvms Nl for cuupling.
A coupling key is not required.

3-11 ARUNDFOS x’



10 26 99 TUE 11:35 Fal Sus 381 1202

SUNBELT PUMP AMARILLO

duos
Performance Curves 40 GPM Model 40S
FLOW RANGE: 24 - 55 GPM OUTLET SIZE: 2" NPT NOMINAL DIA. 4¢
2000 : - - T ‘
Z —— a; ' —— ney : = EEN T
1900 k lwsioo-eapsl(?pﬂg) = S f == %4;3 i
1300 e : —} OPERATING RANGE: 24 10 $8 GPM i :
— A 24QrM [ -
A ag:‘t-‘-- . SEE MCDEL 238 )
1700 ofco saos'jdeT;'), == M“ u- o pon L =
e bl ‘_* ) " ——— . 4_._1__
1600 = = e
1500 F=—— } —— = s
405200-50D8S (20 HP)F— v o -
1 400 1 ny ‘ 1
1300 40S150-44DS (15 HP)] SRR I = X
1200 F=F = e o -
—~ : = - = N
E 1100 = 708 G8 BP) ==
N T - - of 3 5 - A %
5 1000 == A e N R e INCEENE
U<J — }l I -+ L = - y c.'!
T 900 |—1408100-30 (10 HP)'}- e -
- L2 B — = - NN
800 s e o o =
—1{40875-28 (7'/a HP)*[- -~ s NG
700 —— e ey .
7 T 11— g e
600 e e -
=T - I e _
500 40$50-15 (8 HP)—— — o i Bl
400 4085012 (SR © n P Fmrs ey g Poge .
300 [=Ha08308 (3 AP
140820-7 (2 HP)——=— — — ,
200 08158 (1% HP) - ’ — c
100 1408103 (1 WP~ - —————
0  — Tt 1 5 S S -1
0 10 20 30 40 50
CAPACITY (GPM) ‘

SPHECIRICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

4* MOTOR STANDARD, 1-10 HF/3450 RPM.
6" MOTOR STANDARD,15-20 HP/3480 RPM.
* Alee availabie with 8 motor.

QRUUNDFrFOS X

3-12
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10 -26-89 TUE §1:36 FAI %08 3381 1202

SUNBELT PUMP AMARILLO

200s

" Model 40S 40 GPM Technical Data

DIMENSIONS AND WEIGHTS

' T . MOTOR | DIGCH (L] ONSININGHES -~ = APPROX

| RG | WP | 92k | g7m Al 8 O | € . SHPWY

40S10-3 A 1 4 ENT | 246 118/ 128] 38 | 39 @
405156 A ji1t2] & ZNPT | 271136 164 38 | 39 7
40820-7 A 2 4 NPT : 3451151 ; 194] 38 | 39 41
40S30-9 A 3 4 ZNPT 14331206227 38 39| 685
40850-12 A 5 4 NPT | 5131236 (277 38 | 33 78
40550-15 A 5 4 NPT 562 | 238 ) 3261 38 | 3¢ 84
40S75-21° A | 712 4 ZNPT [ 7461 206 [ 460 38 | 54 120
40575-25" A l7iz] & ZNPT 1 812] 296 | 516 38 | 54 124
435100-30° A | 10 4 ZNPT 1107 439 1 598 38 | 54 181
40S 150-3708 A 11 g ZNPT 19951280 ({71.8] 54 | 54 244
4081504408 A 15 & ZNPT |111.0] 280 | 830 54 | 54 30
40S200-6005"" B | 2 6" ZNPT 11360 306 11084 54 | 55 318
405200-5808™ B8 ! 2 g Z NPT t149.2] 308 | 11RR| 54 | 58 334
405200-880S™ B o) 6 ZNPT | 1624] 306 {1318] 54 | 85 34

NOTES: Al models suitable for uta in 4° wells, uniess othorwice notod.
Waighta include pump and with motor in ibs,

* Algo avauabie with 6° motor.

** Built into slesve 2° NPT discharge, 6° min. well dia.

MATERIALS OF CONSTRUCTION

COMPONENT CYLINDRICAL SHAFT (3-44 .)| DEEP SET (50-64 Stgw.)
Check Valve Housing 304 Stainless Sigel 304 Stainiess Steel
' Check Valve 304 Stainless Sieel 304 Stainlesa Steel
. Emusef Chamber 304 Stainless Steel 304 Suainlegs Steel
impelier 304 Stalhwy SWwel 304 Swainless Steel
Suction interconnector 304 Stainiees Steel 304 Stainless Steel
et SCreen 304 Stainieas Steel 304 Stainiess Steel
Pump Shaft 431 Stainless Steel 431 Stainless Steel
Strape 304 Stainiess Steel 304 Stainiess Steel
Cabile Guard 304 Stainiass St 304 Stainieec Steal
Priming Induoer 304 Stainleas Steel 304 Stainieag Steel
Coupling 318/431 Stainiess Steel ** 329 416 Slairiuyys Steel
Check Vaive Seat NBR/316 Stainiess Steel NBR/316 Staniess Steal
Top Bowiy NBR/316 Stainiess Steel NBR/318 Stainiess Steel
impeller Seaj Ring NBF/318 Stanless Steel NBR/316 Stainless Steal
intermediale Bearings . NBR/316 Stainless Steel NBR/318 Stainiess Stesl
Shaft Washer LCP (Vectra®) LCP (Vactra®h)
Spiit Cona 304 Stainleas Steel 304 Stainiese Steel
Split Coana Nt . 304 Staniess Stool 304 Stainiess 3teel
_|Sleeve Not Required 316 Stainiess Steel
Slesve Mange Not Requied JU4 Stainiess Steel
Coupling Key Not Required ** 302/304 Stainiees Steel

NOTES: Specificatons are subject 1o change without notics.
Vecira ®@ s a regigiered tracemnark of Hoachast Calaness Corporation.
** if using 8° non-standard motare, refer 10 418 Slalilvss St i cauping

and 302/304 for the coupling kay.

3-13
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PRIMARY TANK

TANK

i
“He” = SEE TABLE BELOW

1'~0" MiN.
[}

TYP @ EA ANCHOR

AND DETNLS - SZE TABLE &
ANCHOR (A

#5 O 12° EA WAY

'D'-'J-O- 24° SQUARE OR CIRCULAR FOOTMING, TYP, L

@ ELEVATION

i
1 1/2% IJ
f 4 ii
i

CONTAINMENT Yoo _
™~ NN 7 CABLE - SEE TABLE & NOTE BELOW

_ /7 LOcATOR BLOCK T — f

TANK DATA ANCHORAGE REQUIREMENTS

”Y"'P'
’H NQ

o, [0

GENERAL NOTES
BT R GRS wo e

TANK FOUNDATION PAD DESIGN REQUI AN ALLOWABLE BEARING PRESSURE

OF 1500 POUNDS PER SQUARE FOOT P§') OWNER TO RETAN GECTECHNICAL
ENGINEER TO VERFY, .
MATERIALS SHALL CONFORM TO THE REQUIREMENTS OF THE UBC AND THE FOLLOWING CR
STRUCTURAL STEEL:  ASTM AN

CONCRETE:  COMPRESSME STRENGTH (fc) = 2500 PSI, MAX. SLUMP = 4 INCHES
REINFORCEMENT:  ASTM AB1S. YIELD STRENGTH (Fy) = 40,000 PSI

ANCHORS: HLTT “KWIK—-80LT" OR WEJ={T “ANKR-TITE". INSTALL PER
WANUFACTURER'S INSTRUCTIONS AND RECOMMENDATIONS.
CABLE: 7:195\’AN.BSSTE!L MINIMUM BREAKING STRENGTHS FOR THE CABLE

USTED SHALL BE CERTWIED Y THE MANUFACTURER TO

MEET THE CRTERW BELOW.

3/‘rwm-31oo

;/ ODAMETER = 6,400 LBS.

14> OWMETER 9,000 LBS.

DIAMETER 13,000 LBS.

/16" DWMETER = 17,000 LBS.

INSTALLED CABLE SHALL BE PULLED 1/8° PAST SNUG PRIOR TO ANCHORING.

EBG. WASHERS, CABLE
'INISHREQWB‘TSFORAL%STEE.WES TS.WTS.

REMOVE ALL SHARP EDGES THAT MAY DAMAGE OR CAUSE WEAR TO CABLES.
ALL GALLONAGES ANO DIMENSIONS ARE NOMINAL

FOR ANCHORAGE REQUIRENENT@ ANCHOR TYPE S2

2

(
NHERE TANK IS INSTALLED SUCH THAT T WiLL NOT BE EXPOSED TO WIND FORCES \.ONTNNE WITHIN ANCH
A CLOSED STRUCTU THE 8 -

T80'd 67:01 66, & bnY

RE CABLE BRACING AND ASSOCIATED HARDWARE WAY BE
CASES, SUBSTIUTE 'S1' ANCHORS FOR ALL TYPE T1' AND 'P1° ANCHORS SHOWN IN LAYMPLANS.
2
Y Al
Y D
A - A

Z2I0-87e-0G3:XRd  "J0SSH 8 TRHARINW TH



L4 x 4x 2/8 x 1'=0" .
WEDGE ANCHOR Lax4ax3/%9,
y 1/2 1 1/ SEE DETAIL 3 £1F 4 1/2 v/2° ;Eéb%tgr:
e \ ‘I ["‘i
A CABLE -

11 L 1 172" L
~— CABLE ~ SEE TABLE & NOTE BELOW ; l
~ LOGATOR BLock M %%Wa
&ﬁé:%&k;%s:W@ANCHOR TYPE S2 | @ ANCHOR TYPE T2

13 @ 12° EA way

- ' BRACING CABLE 3/4° HILTP mx-sou "
, " LOCATED AS_SHOWN

ANCHORAGE REQUIREMENTS .

@ ELEVATION @ DETAIL

‘AST SNUG PRIOR TO ANCHORING, . S - : ~ . . .
NUTS, WASHERS, CABLE N

THE CUSTOMER. , L@ @(?ABLE SPUCE
5 WEAR TO CABLES. ‘ %ﬂ 1.YP5208 8

EXPOSED TO D&h‘g)tmmm WITHIN C}ANCHOR LAYOUT 'D’

HthY
%m * ANCHORS SHOWN IN LAYOUT PLANS.

is grink is the property of fal Reprvee | hesciates Inc
Mhe Infarmtion herein anteied is prorictry B
wd ey ot be repredud, copled, oF cibervise

n hle o inpart for wy
ith witten pernission of thl Imqakmms. L

60°d 6v:01 66, X by ZLTr-8rE-059: X0  'J0SSY 8 TRHAIM TH




/8 x v'=C
DGE ANCHO L4x4x3/8x =0 S
Eoed ' 120 ! é:f:
& ; i 1/2° — WEDGE ANCHOR
S \ ‘] e . SEE CETAIL 6
iRl - ! | (2 TOTAL)

= TANK

@ﬁNCHOR TYPE T2

L3x3x 1/4" VERT.

v‘ . ’ .
L t-...

£

z

1/2* NEDGE _ANCHOR .
l—-l/ )QD%NL 3 L ,2: . . 0.
, —_—
CABLE - SEE eLevamon ! : ]

FOOTING

—I 3/4° HILTY 'KWIK-BOLT I’

-4 x &-x 3/8 xt'(
3/1? }

@ ANCHOR TYPE P2

TED AS SHOWN
*  ON PLAN ABQVE,
. AFTER FINAL

TIGHTENNG OF CABLE. . -
» .+ JORQUE NUT TO 120 FT, las

L ]
4..‘0.".
.

3 DETAIL
FOR ANCHOR TYPE T2
1° DA, —ort 1/2°
3 . SEE OETAL + TN ‘j:/z'
B 7'@ st a5 nEoumey — |
/7~ LOCATOR BLOCK -
\ TYP. © EA ANCHOR R
X VERT, ANGLE TANK %i
T sacve e < LINS 0 NN s /..
. o'l - o n 3/‘. "ﬂ:‘" .mg !HM. IN.
/ « ON PLAN ABOVE
X 10 SEVELOP TEX OF CABLE )
. STRENGTH, SEE NOTE 3 Tt LSt
4" “7 AI
@CABLE SPLICE CS}DET L
. OF 8 .
L) e 52
our '’
s grint 15 e property of tal Wrpivee | Mesacintss Inc =
n:ilfnim Yerein contained Is ropricery o d
aad ney ot be rerrodiced, apied, o otherniae g \
ia shele @ in port for vy ot e
i wittn permission of Ml L hesuciutas, - Eemaeaie e s
TTTTTTTT otd 05:01 €6, X by ZTy-8ve-059:X9 30550 3 TRHARIW W



HaL MURPHRER ASSOCIATES. INC.

TANK DATA
Prciect Name: Morntaomery Watson - Cenver, 22
Chermcal Stored: Haz Waste Landtill _eachate
Specric Gravity: 1.1
Prmary Tank Model #: 10VC TO9K
Containment Modei #: *2VOC1SE
Containment Type VOC
SEISMIC CRITERIA
Seismic Zona: 3
Soii Protile Type 3C
Cistance to Nearest Fault [N/A
Fault Type NA
[imponance Factor, | 1.25
[Wind Speed :n mpn {80 ]

[Oventurning for Sesmic_ [NO NET SEISMIC OVERTURNING - CHECK FOR WIND

{Cverturning for Wind

JNO NET WIND OVERTURNING

s

RESTRAINT DESIGN SUMMARY

Layout

c

Cable Height

N/A

Cable Diameter

N/A

Governing Load Case

SEISMIC

Page t



HAL MURPHREE ASSOCIATES. INC.

P:aect Name: Montgomery Watson - Cenver. 20O

Tank Cetena:

1397 LBC - Section 1634 3

Page 2

Contents: “az Waste Langhll Leachate
Spechic Grawity= 1.1 Density = 58.6 pet
SECCNDARY| 3EC. | 3EC. SEC. PRIMARY [ PRIMARY | PRIMARY [ PRi. TANK| PRI. TANK | PRI TANK | CONTENT
1 ~
SoNT. | CONT. CCNT. HT T
CONTAIN. . TANK HT TANK TANK |TANKCAP| TANK N WEIGHT
TANK | oyERALL| WEIGHT QOVERALL | SIDEWALL
TANK MCCEL) DIAM IF T IFFTY LBS) MODEL (GAL) 1 DIAM (FT) 1FT) JFTY WT (LBS) LBS
12VOC15E 12 ‘9.25 450C) 10VCTO9K] 3000 1 16.08 14,32 3000 30328
SEISMIC DESIGN CRITERIA: 1997 UBC, Section 1634 4 CQODE REFERENCE
SEISMIC SHEAR: Veq =.7Cal Wp Section 1634.4
Where: Ca= 0.33 Seismic Coefficient Tabte 16-Q
Na= na Near-Source Factor iZone 4 focations) Tabie 18-S
| = 1.25 {Hazardous Matenals} Table 18-K
Wp = 87328 Waeightof Tank + Contents
Lateral Veqa 0.29 X Wp
PRIMARY [PRI. TANK| PRI. TANK| TANKHT TOTAL Laterat Mot (Ft- | Mr (Ft-LBS) Mr:Mot #BOLT BOLT
CAP SIDEWALL | TANKWT
TANK MODEL[ __(GAL) | DIAM (FT) (FT) ((BS) __1Veq (LBS) LBS) - HEQD LAYOUT
1QVC TO9K 9000 10 14.92 7000 25216 188111 296916 1.58, 5.97 C
Mot (Ft- | Mr (FL-LBS)| Mnet (Ft-
LB, LBS
186111 296816 -108804,




HAL MURPHREE ASSOCIATES. INC.

Przject Name: Montgomery Watson - Cenver, 0

WIND DESIGN CRITERIA; 1997 1BC Section 1615 thry 1625 CCOE REFERENCE
WIND SHEAR: Vw = CeCqQsl* Atank Section 1629
Where: Ce = 1.13 (<29, Exposure C} Table 16-G
Cas= 3.80 [Rouna Tank] Table 16-H
qs = 164 ‘30 MPH Table 16-F
I = 1.1§ Table 16K
p= 17.95 PSF

Atank = Herght of tank ™ tank diameter

TANK MODEL( TANK TANK TANKHT | TANKWT { VW ilBS) | Mot (FT- | Mr (FT- | Mnet (FT -
CAP OVERALL
GAL) | DIAM (FT) iFT) \LBS) LBS) £ 8S5) LBS) He (FH £hLB8S)
1QVC TO9K 3000 12 16.08 7000 3290 26450 28140 -1890 6.50} -260
Notes: Wind shear is.calculated based on pressure noted above multiplied by the surface area of the tank (overail ht x diameter).

The wind force 1s applied at midheight to calculate the overturning moment. The resisting moment 1s based on 67% of the
empty weight ot the tank acting at the centerlina of the tank. {n nearly ail cases, there is net overturning for wind on an smgpty tanic
The tank has been stabilized for this ion by the addition of cable bracing.

Page 3



HAL MURPHREE ASSOCIATES. INC.

Project Name: Mcntgomery Watson - Derver, 0T

QVERTURNING ANCHCBAGE CESIGN

CABLE 3REAK DESIGN
STRENGTH STRENGTH

CABLE CESIGN 7 X 19 STEEL AIRCRAFT CABLE ' ClA iN) LBSy LBS)
ANCHCR CESIGN: 16 4.200 1.950
ANCHCR TYPE V4* Hiti "Kwik-Bolt 11* - 14 7.000 1.750
ALLCWABLE TENSICN 1340.00 LBS 16 3.300 2,450
ALLOWABLE SHEAR 4225.00 LBS V8 14,400 3.600
iCBC No. 4267, 3000 psi concrete 716 17.000 4.250
STAB. CABLE ZABLE GCVERNING LOAD | ANCHOR FORCES ANCHOR STRESS RATIO

FORCE | FORCE SIZE CASE
TANK MODEL REQD

Ph L8S) | Pc:LBS) (N} Av LBS) | Rh:LBS) T vV TOTAL
1CVC T29K no overurn no avertum N/A SEISMIC N/A A N/A N/ A N/A
NOTES: Where overturning occurs, the tank has been stabilized by the addition of cabie bracing. The cable and anchor forces are

determined based on the force required at the top of the cable {Ph in Table above) 10 stabdize the tank.

Where seismic forces govern overturning, the required resisting moment (Mnet) In table above) corresponds to the
net selsmic overturning moment.

Project Name: Montgomery Watson - Denver, CO
DESIGN LEGENDS AND METHODOLOGY
The tank restraints are designed per 1997 UBC, Section 1634.2 which aliows tanks with supported bottoms o be designed using the cmm‘\'a of Section

1634.3, Formula 34-1. Design methodclogy and conclusions regarding the design are listed as footnotes in the caiculations, pages 1-3. Expanding on
that, below 13 a legend defining sach of the terms used in the design tabulations.

SEISMIC DESIGN LEGEND

Veq Seismic base shear = 0.29 " * (tank weight + contents)

Mot Tank overturning momaent = Veq {laterat component)® 1/2 height of tank + Veq (vertical component) * 1/2 tank diameter

Mr Tank stabiizing moment = (85% of weight of tank + contents) * 80% of tank radius [assumes pivot point inboard edgs of tanij
Mnet Net overtuming moment = Mot - Mr. if less than 0, then no overtuming.

T/IC Overturning resisting force - Mnet / 80% tank dia. {assumes pwot point inboard of edge of tank}. Whare “T/C® < 0, there is no

holkd down required.
# boits req'd  Total number of boits required on sach side of tank to restrain from sliding for 1994 UBC seismic forces.

WIND DESIGN LEGEND

Wind shear calculations are based on pressure noted on Page 3 multipiad by the surface area of the tank (height * diameter). The wind force is applied
at the mugheight to caiculate the overturning moment. The resisting moment i based on 67% of the empty werght of the tank acting at the centeriine of
the tank. In ail cases, there is net overturning for wind on an emgty tank. The lank has been stabilized for this condition by the addition of cable bracing.
The cable and anchor forces are determined based on the force required at the top of the cable (Ph on Page J) to stabiize the tank for overturming in wind.
In all cases, seismic forces govem for design of base shear anchorages.

Dimensions for tanks in wind conditions adjusted for tanks with secondary containment. Height of tank for wind calculations adjusted to
account for tank dome

Vw Wind base shear u design wind pressure (P) * tank heigit * tank diameter.

Mot Tank overtuming moment s Vw * 1/2 height of tank

Mr Tank stabilizing moment = (7% of weigin of tank) * tank radius

Mnet Net overtuming moment = Mot - Mr. | less than 0, then no overturning.

He Dutme.fmmtopdfcumwmdcahbm

Ph H g foree required at top of cabie brace to resst net overturning moment = Mnat / Me.
Pe Cabie force s (Phl[!‘eo.(mn(rblwm))wu')

Rv Vertical reaction at cabie brace anchor bolt » Pe * [si {He / tank radius)))

Rh Honzontal reactions at cable brace anchor bokt = Pe * (arctan(Me / tank ndluo)]

Page 4



HAL MURPHRRE ASSOCIATES, INC.

Project Name: TRW

Cable size raquired 1s noted to the ieft of the "Rh® column and is based on a 4:1 factor of satety for the cable breaking strengths indicated on the drawings
and as repeated below.

CABLE OfAM, NY BREAK STRENG TH (LBS) CESIGN STRENGTH (LBS)
316 4.200 1.750
14 7.000 1,750
516 9.800 2.450
8 T 14,400 3.600
7116 17.000 4.250

As stated in the footnote to the wind design calculation summary, seismic design criteria governs for the design af base shear anchorage.

Page §



' MONTGOMERY WATSON

Calculation Cover Sheet Appendix H-3

Project Title: Triassic Park Waste Disposal Facility

Project No.: 1342602

Calculation Title: Chemical Compatibility of Polyethylene Tanks
Name Date

Prepared By: Jorge Troncoso 8/25/99

Checked By:

Reviewed By:

Revisions Date By Checked By Reviewed By




% HAL MuRPHREE & ASSOCIATES, INC. 300-606-3265

Manufacturers’ Representatives & Distributors FAX 650-348-4272

e-mail: alburgos@halmurphree.com .
website: hitp./www halmurphree.com;
- Fax Transmittal -

Date: August 25, 1999

Pages: 10 (e, <M Y hmls. uvw
To: Jorge Troncoso .

Montgomery-Watson
Fax Phone: 303-763-8008

From: Al Burgos

Subject:  Crosslinked Polyethylene Tanks
- Jorge-

Following are:

1. Chemical Compatibility Chart
2. Seismic/Wind Restraint Typical Details

Please call me if you have any questions.

P.0.BOX 25144 & SANMATEO,CA é 94402

T Ol G, @ e Lv-ave-059%d 0SS 3 T T



HAL MURPHREE & ASSOCIATES, INC.
ABOVE GROUND TANKS FOR LIQUID STORAGE

CHEMICAL RESISTANCE CHART

Substances

High Density
Crosslink
% Conec. Temp. Polyethylene

Acetic Acid

Acetone
Alum
Aluminum

Chloride

100Q°

Aluminum
Aluminum
Ammenium
Ammonium

Fluoride
Sulfata
Acatate
Chloridae

Ammonium
Ammoqium
Ammonium

Fluorida
Hydoxida
Nitrata

Amyl Alcohol

Aniline
Antimony

Trichloride

Aqua Regia
Arsenic Acid

70°

80%

Barium Chloride
Barium Hydroxide
Barium Sulfate
Barium Sulfide

Benzene

Benzene Sulfonic Acid
Bismuth Carbonate
Boric Acid

70°
10%

Brine
Bronine
Butane

Butanediol

Butyl Alcohol
Butyric Acid
Calcium Bisulphide
Calcium Carbonate

nnuon
nunuownm m’éﬁm nwnoojununuw m%mo hCunuon j hLhon (o]

S - satisfactory
0 - Sone attack
NR - Not recommended

Concentration 100% and temperature
allowable to 140° unless otherwise
indicated.

page one of six
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HAL MURPHREE & ASSOCIATES, INC.
ABOVE GROUND TANKS FOR LIQUID STORAGE

CHEMICAL RESISTANCE CHART

Substances

High Density.
Crosslink
% Conc. Temp. Polyethylene |

Calcium Chloride
Calcium Hydroxide
Calcium Hypochlorite
Calcium Nitratae

Calcium Sulfate
Carbon Disulphide
Carbon Tetrachloride
Chlorobenzene

70¢
70¢

Chloroform

Chromic Acid
Chromic/Sulfuric Acid
Citric Acid

50%

Copper Salts
Corn 0il '
Cottenseed 0Oil
Cyclohexanons

70°

Detargents
Dextrin

Diazo Salts
Dibutyl Phthalate

70°¢

Diesel 0il
Diethanolamine
Diethylene Glycol
Dimethyl Formamide

70°

. Dimethylamine

- Ethyl Alcohol

Ethyl Ether

Ethylene Chlorohydrin

70°

70°

Ethylene Dichloride
Ethylene Glycol
Ferric Chloride
Ferric Nitrate

mmm% ogmo mwnhuno oOmwuwn ] 000N mﬁmﬁ 00%([) nnmn

S - Satisfactory
0 - Some attack
NR - Not recommended

Concentration 100% and temperature
allowable to 140° unless otherwise
indicated. “

page two of six
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HAL MURPHREE & ASSOCIATES, INC,
ABOVE GROUND TANKS FOR LIQUID STORAGE

CHEMICAL RESISTANCE CHART

Substances

High Density
Crosslink

$ Conec. Polyethylene

Temp.

Ferric Sulfate
Ferrous Chloride
Ferrous Sulfate
Fish 0il

Fluoboric Acid
Fluosilicic aAcia
Formic Acid

Fuel Qil

70°

Funing Sulfuric Acid
Furfural

Gasoline

Gluconic Acid

70°
709

Glucose
Glycerol
Glycol
Glycolic Acia

30%

Hexane

Hydraulic 01l
Eydrazine Hydrate
Hydrobromic Acid

7009

Hydrochloric Acid
Hydrofluoric Acid
Hydrofluosilicic Acid
Hydrogen Peroxide

30%
30%

" Hydrogen Phosphide

Hydrogen Sulfide
Hydroquinone
Hypochlorous Aciad

Jat Fuel
Lactic Acid
Lactose
Lard

7Q°

, nhnj] Ooninn
ouwmo | nununn nhnnulhuoo|unuuny moq% (o]

S - Satisfactory
QO - Some attack
NR - Not recommended

concentration 100% and temperature
allowable to 140° unless otherwise
indicated.

page three of six
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HAL MURPHREE & ASSOCIATES, INC.
ABOVE GROUND TANKS FOR LIQUID STORAGE

CHEMICAL RESISTANCE CHART

Substances

High Density
Crosslink
% Conc. Temp. Polyethylene

Latex

Lauriec Acid
Lead Acetata
Linseed 0il

ounonm

Lubricating 0ils
Magnegium Salts
Mercury

Mercury Salts

Q@uuno

Methyl Alcohol
Methyl Ethyl Ketone
Methyl Sulfuric Acid
Methylene Chloride

e

~

Mineral 0ils
Motor Oils
Naptha
Nickle salts

70°

nwooo ZWn

Nicotinic Acid
Nitric Acid
Nitric Acid
Nitrobenzene

0 - 50%
over 50%
. 70!

n-Heptane
Octyl Creasol
Oleic Acid
Olive 0il

70°
70°

0000 O%mm

Organic Peroxides
Oxalic Acid
Palmitic Acid
Peanut 0il

Pentane
Perchloric Acid
Phenol
Phosphoric Acid

10%
10%

mmm% OOm§

S - Satisfactory
0O - Some attack

NR = Not recommended

Concentration 100% and temperature
allowable to 140° unless othervige
indicated.

page four of six
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HAL MURPHREE & ASSOCIATES, INC.
ABOVE GROUND TANKS FOR LIQUID STORAGE

CHEMICAL RESISTANCE CHART

Substances

High Dansity
Crosslink
% cConc. Temp. Polyethylene

Photographic Solutions
Plating Solutions
Polymer

Potassium Hydroxide
Potassium salts

Propane

Propyl

Alcohol

Propylene Dichloride
Propylene Glycol

70°

Pyridine
Seawater
Salenic Acid
Siliecic Acid

Silver
Sodium
Sodium
Sodium

Salts
Bisulfite
carbonate
Chlorate

Sodium
Sodiunm
Sodium
Sodium

Cyanide
Ferricyanide
Ferrocyanide
Hydroxide

Sodiun
Sodium

Hypochlorita
Nitrate

Stannic chloride
Stannous Chloride

15%

Starch

Sclutions

Stearic Acid
Sugar Solutions
Sulfuric Acid

98%

Sulfurous Acid

Tannic

Acid

Tartaric Acid
Thionyl Chloride

ﬁm(am nnon|lnununun]lnnunnnajununnn mhinhn U)O(n% mmmwm

S - satisfactory
0 - Some attack
NR = Not recommended

Concentration 100% and temperature
allowable to 140° unless otherwise
indicated.

page five of six
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HAL MURPHREE & ASSOCIATES, INC.
ABOVE GROUND TANKS FOR LIQUID STORAGE

CHEMICAL RESISTANCE CHART

High Density
Crosslink
Temp. Polyethylene

Toluene 70°
Toluene Sulfonic Acid

Transformer 0il

Trichlorocethylene 70°

Substancses ¥ Conc.

Triethanolamine
Urea

Vegetable 0ils
Vinegar

Xylene 70°
Zine Orthophosphata
Zinc Salts

wWuoo|lwou fOONMO

The chemical resistance data provided here and on the preceding pages has
been assembled from a wide variety of scuzces in our industry and is
representative of a broad range of chemicals which would be impossible to
list fully here. This information is based on practical field experience
and actual laboratory testing conducted by the manufacturers of
polyethylens resins and finished products.

Keep in mind that this informaticn should only be used as a guideline for
recomuendations and not a guarantee of chemical resistanca., Actual
service conditions including temperature, concentration and contaminants
will affect variances in chemical resistance.

To the best of cur knowledge the information contained in this chart is
accurate. Howsver, we do not assume any llability whatscever for the

accuracy or completenass of such information. If questions should arise
when using this chart, further research or testing may be naecassary.

FileCHEM.BRO

page six of six
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ONTGOMERY WATSON

Calculation Cover Sheet Appendix H-4

Proj'ect Title:

Project No.:

Calculation Title:

Triassic Park Waste Disposal Facility

1342602

Chemical Compatibility of HDPE Liners

Name Date
Prepared By: Jorge Troncoso 8/25/99
Checked By:
Reviewed By:
Revisions Date By Checked By Reviewed By




Lnemical Compatubtlity Page | of 3

CHEMICAL COMPATIBILITY OF POLY-FLEX LINERS

Chemical compatibility or resistance as applied to geomembranes is a relative term. Actually
compatibility would mean that one material will dissolve in the other such as alcohol in water or
grease in gasoline. An example of incompatibility would be oil and water. In liners it is undesirable to
have the chemicals dissolve in the liner hence the term compatibility is the reverse of what is
normally meant in the chemical industry. In the strictest sense and from a laboratory prospective,
chemical compatibility, as the term applies to this industry, would imply that the chemical has no
effect on the liner. On the other hand, from an engineering prospective, chemical compatibility means
that a liner will survive the exposure to a given chemical even though the chemical could have some
effect on the performance of the liner, but not enough to cause failure. Therefore, one must
understand and define chemical compatibility for a specific project. -

Generally polyethylene will be effected by chemicals in one of three ways.

1. No effect- This means that the chemical in question and the polyethylene do not interact. The
polyethylene does not gain (lose) weight, swell, and the physical properties are not significantly
altered. :

2. Oxidizes (cross linking)- Chemicals classed as oxidizing agents will cause the polyethylene
molecules to cross link and cause irreversible changes to the physical properties of the liner.
Basically it make the liner brittle.

3. Plasticizes- Chemicals in this classification are soluble in the polyethylene structure. They do
not change the structure of the polyethylene itself but will act as a plasticizer. In doing so, the
liner will experience weight gain of 3-15%, may swell by up to 10%, and will have measurable
changes in physical properties (i.e. the tensile strength at yield may decrease by up to 20%).
Even under these conditions the liner will maintain its integrity and will not be breached by
liquids, provided the liner has not been subjected to any stress. These effects are reversible
once the chemicals are removed and the liner has time to dry out.

Aside from the effect that chemicals have on a liner is the issue of vapor permeation through the
liner. Vapor permeation is molecular diffusion of chemicals through the liner. Vapor transmission for
a given chemical is dependent primarily on liner type, contact time, chemical solubility, temperature,
thickness, and concentration gradient, but not on hydraulic head or pressure. Transmission through
the liner can occur in as little as 1-2 days. Normally, a small amount of chemical is transmitted.
Generally HDPE has the lowest permeation rate of the liners that are commercially available.

" As stated above chemical compatibility is a relative term. For example, the use of HDPE as a primary
containment of chlorinated hydrocarbons at a concentration of 100% may not be recommended, but it
may be acceptable at 0.1% concentration for a limited time period or may be acceptable for secondary
containment. Factors that go into assessment of chemical compatibility are type of chemical(s),
concentration, temperature and the type of application. No hard and fast rules are availabie to make
decisions on chemical compatibility. Even the EPA 9090 test is just a method to generate data so that
an opinion on chemical compatibility can be more reliably reached.

A simplified table on chemical resistance is provided to act as a screening process for chemical
containment applications.

http://www.poly-flex.com/chemical.html 10/12/99
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—

] P'RI.\IARY SECONDARY
 cmpsmcatciass  OEMIGL CUGNGTERU (ShoRTTERM
i : - CONTACT) : CONTACT
; , | HDPE  LLDPE . HDPE - LLDPE

CARBOXYLIC ACID | .
- Unsubstituted (ie. Acetic acid) B C | A ; C
‘- Substituted (ie. Lactic acid) A . B A A
- Aromatic (ie. Benzoic Acid) : ' A | B } A ; A

ALDEHYDES ; 3

'{T Aliphatic (ie. Acetaldehyde)

v 9)
@]
@

o
@]

=
o

L

-~
O

f Hetrocyclic (ie. Furfural)
| AMINE | 3

(

Primary (ie. Ethylamine)
S

[ econdary (ie. Diethylamine)

=
=
1

Aromatic (ie. Aniline)

CYANIDES l
(ie. Sodium Cyanide)

ESTER
(ie. Ethyl acetate)

r
{ _
{ ETHER ‘
I
E

Z elln|®

o0]

o NoN ErN ok iol e
wj|wj > ||ojo|m
aAffoaf»|aonn

(ie. Ethyl ether)
HYDROCARBONS | 3 |

Aliphatic (ie. Hexane)

@]
os]
0

@]
—
Q6
o
0

[— Aromatic (ie. Benzene)
- Mixed (ie. Crude oil)

HALOGENATED 3
HYDROCARBONS

[- Aliphatic (ie. Dichloroethane)

+Ad4
(—Aromatic (ie. Chlorobenzene) ‘ ' C ( C . B
I ALCOHOLS I 1 B
|- Aliphatic (ie. Ethyl alcohol)
F Aromatic (ie. Phenol)

| INORGANIC ACID

R
v>
>
>

.
0
>
o

- Non-oxidizers (ie. Hydrochloric
{;ci d) 1 A A A A
[- Oxidizers (ie. Nitric Acid) 2 c | ¢ B C
INORGANIC BASES ‘
( (ie. Sodium hydroxide) 1 A A A A 1
SALTS i
( (ia Calrinnm rhineidal 1 A A A A ?

http://www.poly-flex.com/chemical.html 10/12/99
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METALS

(ie. Cadmium) l A A A A
KETONES ‘
(ie. Methyl ethyl ketone) 3 C C . B C
OXIDIZERS :
2 i
(ie. Hydrogen peroxide) - ¢ C L C C

Chemical Effect ( see discussion on Chemical Resistance)

I. No Effect-Most chemicals of this class have no or minor effect.
2. Oxidizer-Chemicals of this class will cause irreversible degradation.
f 3. Plasticizer-Chemicals of this class wil cause a reversible change in physical properties.

{
s

‘Chart Rating

1. Most chemicals of this class have little or no effect on the liner.
W Recommended regardless of concentration or temperature (below 150° F)
2. Chemicals of this class will effect the liner to various degrees.
Recommendation are based on the specific chemical, concentration and temperature.
Consult with Poly-Flex, Inc. ‘
3. Chemicals of this class at high concentrations will have significant effect on the physical properties of the liner.
Generally not recommended but may be acceptable at low concentrations and with special design ‘
considerations.
Consult with Poly-Flex, Inc.

The data in this table is provided for informational purposes only and is not intended as a warranty or guarantee. Poly- |
Flex, Inc. assumes no responsibility in connection with the use of this data. Consult with Poly-Flex, Inc. for specific =~
chemical resistance information and liner selection.

http://www.poly-flex.com/chemical.html ' 10/12/99
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Serrot National Corporation
525 Reactor Way

Reno, Nevada 89502
(775) 856-3200
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Total No. of Pages 3 (including cover)

T J0K6E  GLoNCSO FuxNo: [-Fo2- 763 - «?oa?‘
From:_(&&af Algf Phone No.:

RE: A&~ pat fd’"f&’rﬁ«lci
MESSAGE: |

HECE  THEY ARE ol They wELS
17 Nor SrFZorE s !
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AJG~L 27 ¢ N‘U AT T VD,

Fortiflex PE Chermcal
Resistance Chart

¢

TN wwrlvwr

0'F 140°F 10°F 140°F

Reagnt (21°C) (60°0) Rengent 21°0) (60'Q
A Borax cold satursted [] s
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Acetic suid (10009 s 0 Briee s 3
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Nema (ll typus) sontunraed S S Butylens gycol 3 s
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