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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.
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TERRAMATRIX MONTGOMERY WATSON
INTERFACE DIRECT SHEAR TESTING

4500
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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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(3) Shear failure was observed to occur at the interface between the

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.

pobmyaoy—gdiyeid TerraMatrix Inc. ® 165 South Union Boulevard, Suite 460 ® Lakewood, Colorado 80228 * (303) 763-5140

AV SLIm by



March 1996 Gandy Marley, Inc. ® dlternative Liner Svsiem HELP Analvsis * Revision 1 +4

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

P iepaey iyt TerraMatrix Inc. ® 165 South Union Boulevard, Suite 460 * Lakewood, Colorado 80228 * (303) 763-5140



March 1996 Gandv Marlev. Inc.* Alternative Liner Svstem HELP Analvsis ® Revision | & 12

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
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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

LA AR A2 L 4 e d ad o b dl o a bl d Al t bl Rl lg bl Ll g f Ll T TEa e ey
SRR ENE R AR AN SN AR AN RN RN NN AR R P AR A NAN N RN N AR ANV TSR AN NN NN N A AN AN RS

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.
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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
ARCEANV N ENN NN AN ON SRV N N RN E RN C T EN NI NN NN CCR NN ROV R EN NN CC NN C TNV E T IO D

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
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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
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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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