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(fiJ) MONTGOMERY WATSON 

i··.,. 

September 13, 1999 

New Mexico Environmental Department (NMED) 
Hazardous and Radioactive Materials Bureau 
2044 Galisteo 
P.O. Box 26110 
Sante Fe, New Mexico 87502 

Attn: Mr. Steve Pullen 

Re: Groundwater Monitoring Draft Waiver Request 
Triassic Park Waste Disposal Facility 

Dear Mr. Pullen: 

(Via: FedEx) 

On behalf of Gandy Marley Incorporated (GMI), Montgomery Watson (MW) is pleased to 
submit two (2) copies of the above referenced Draft Waiver Request. Qualified individuals 
have prepared this groundwater monitoring wavier and the proper certification will be 
included in the final waiver. 

If you have any questions concerning this report, please contact us. 

Sincerely, 

Montgomery Watson 

Patrick G. Corser, P.E . 
Principal 

Enclosure 

cc: Dale Gandy (1) 
Ken Schultz (1) 
Trey Greenwood (1) 
Jim Bonner (1) 
Montgomery Watson (2) 

PO Box 774018 '"e1970 879 6260 
1475 Pine Grove Road 
Steamboat Springs, Colorado 
80477 

Fax 970 879 9048 Serving the World's Environmental Needs 
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1.0 INTRODUCTION 

The Gandy-Marley Corporation is requesting that the Hazardous and Radioactive Materials Bureau 
(HRMB) of the New Mexico Environment Department (NMED) grant a Groundwater Monitoring 
Waiver for its proposed Triassic Park Waste Disposal Facility. This request is based on a 
demonstration that the site-specific geologic and hydrologic conditions at the Facility prevent 
migration of liquids from the regulated unit to the uppermost aquifer. 

Triassic sediments in eastern Chaves County, New Mexico were identified as host rocks for this 
proposed Facility because they (1) contain thick sequences of low permeability clays; (2) occur in 
remote, unpopulated areas; and (3) locally produce no groundwater. These sediments have been 
characterized by drilling programs in 1993, 1994, 1995 and 1999. Fifty (50) drill holes have been 
completed on the proposed site (Figure 1-1, Drill Hole Locations), with lithologic and geophysical 
logs recorded for each of these holes. Data obtained from these drilling programs have been 
incorporated into this demonstration. 

This demonstration or justification will evaluate the potential for migration of hazardous waste or 
hazardous waste constituents from the facility to the uppermost aquifer, through: 

• A geologic and hydrologic characterization of host sediments, 
• A water balance of precipitation, evapotranspiration, runoff, and infiltration; and 
• Unsaturated zone contaminant transport modeling 

The following sections provide a summary of the regulatory authority to allow modification of the 
groundwater monitoring requirements and the technical justifications required to support the 
groundwater monitoring waiver. 
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2.0 REGULATORY REQUIREMENTS 

NMED's authority to grant a gronndwater monitoring waiver lies in the New Mexico Hazardous 
Waste Management Regulations {20 NMAC 4.1.500), which adopts by reference 40 CFR § 
264.90(b)(4). The relevant regulation states that the owner or operator of regulated units is not 
subject to regulations of 40 CFR 264.90 for releases into the uppermost aquifer nnder this part if: 

1he Rerjnnal Administratar finds that there is no potential for migration of liquid firm a regulatr:d unit to the 
uppermost aquifer during the actiw life of the regulatr:d unit (indudirrg the closure pericxl) and the post-claure care perial 
specified under§ 264.117. This demmstration must be certified by a qualiforl ~or grota:hnical engina?r. In 
arder to pruvide an adequate margin of safety in the p-rrxlictim of potential migration if liquid, the OlJJtrY" or operatar 
must base any predictions made urrler this paragraph on assumptions that maximize the rate of liquid migratim. 
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3.0 GEOLOGY 

Tills section describes the regional and geologic setting of the proposed facilities. The proposed 
facilities will be founded in unsaturated materials consisting of Quaternary alluvial sediments, Upper 
Dockum interbedded siltstones and mudstones, and Lower Dockum mudstone and thinly 
interbedded siltstone. 

3.1 REGIONAL STRATIGRAPHY 

The geologic formations present within the region range in age from Quaternary through Triassic. 
Those include Quaternary alluvium, Tertiary Ogallala Formation, and the Triassic Dockum Group. 
Permian sediments do not outcrop in this region but, because they underlie the proposed host 
sediments, they are also discussed in this section. The stratigraphic relationship of the formations 
discussed in this section is illustrated in Figure 3-1, Stratigraphic Column. Information concerning 
formation tops and thicknesses was obtained from well logs from the New Mexico OCD office in 
Hobbs, New Mexico. 

3.1.1 Quaternary 

The surface throughout the project area is covered by alluvial deposits of Quaternary age. These 
deposits are comprised of fine-grained, red-brown sands, interbedded with red-brown silts and clays . 

. A major source of these sediments was the topographically higher Ogallala Formation, as evidenced 
by the abundant granitic cobbles, chert pebbles, and fragments of petrified wood found throughout 
this unit. The thickness of these alluvial deposits along the eastern flank of the Pecos River Basin in 
Chaves County varies from a few feet to as much as 50 feet. 

3.1.2 Tertiary 

The "Caprock," which is the surface expression of the Tertiary Ogallala Formation, unconformably 
overlies Triassic sediments in southeastern New Mexico. Tills flat-lying sandstone and conglomeritic 
unit is approximately 300 to 400 feet thick. It consists of fluviatile sand, silt, clay, and gravel capped 
by caliche. The sand deposits of the Ogallala Formation consist of fine- to medium-grained quartz 
grains, which are silty and calcareous. Bedding features range from indistinctly bedded to massive to 
crossbedded. The formation varies from unconsolidated to weakly cohesive and contains local 
quartzite lenses. The sand intervals of the Ogallala Formation occur in various shades of gray and 
red. 

Ogallala Formation silt and clay deposits are reddish brown, dusky red, and pink and contain caliche 
nodules. Gravels occur as basal conglomerates in intra-formational channel deposits and consist 
primarily of quartz, quartzite, sandstone, limestone, chert, igneous rock, and metamorphic rock. 
There are abundant petrified wood fragments throughout this unit. 

3.1.3 Triassic 

Triassic sediments are the potential host rocks for the proposed Facility and, as such, are described in 
more detail than the other formations. The Depositional Framework of the Lower Dockum Group 
(Triassic), Texas Bureau of Economic Geology, No. 97, 1979, by McGowen was used as a major 
reference for gathering information on the characteristics of Triassic sediments. 
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Triassic sediments unconformably overlie Permian sequences in Texas and New Mexico and have 
been classified as the Triassic Dockum Group. The Dockum Group is comprised of a complexly 
interrelated series of fluvial and lacustrine mudstone, siltstone, sandstone, and silty dolomite deposits 
that can be as much as 2,000 feet thick in this part of the Permian Basin. These sediments 
accumulated in a variety of continental depositional settings, including braided and meandering 
streams, alluvial fan deltas, lacustrine deltas, lacustrine systems, and mud flats . 

The Triassic Dockuffi Group is divided into an Upper and Lower Unit. The Upper Dockum Unit is 
very near the surface within the project boundary, covered only by a thin veneer of Quaternary 
sediments. The character of this unit, also know as the Chinle Formation, is a series of fluvial 
sediments. These sediments conformably overlie the Lower Dockum Unit and consist of red-green 
micaceous mudstones, interbedded with thin, discontinuous lenses of siltstone and silty sandstones. 
A continental fluvial depositional environment predominated during Upper Dockum time, when the 
Triassic basin was filled with lacustrine sediments. The Chinle Formation is widespread in the 
southwestern United States. 

The Lower Dockum accumulated in a fluvial lacustrine basin defined by the Amarillo Uplift on the 
north and the Glass Mountains on the south (Figure 3-2, Basin Paleomap for Triassic Period). These 
former tectonic belts were more than 200 miles away, and the regional slopes were relatively low. As 
presented in this basin map, the Lower Dockum represents sediments from a large, regional 
depositional system. For any given portion of this basin, these sediments tend to be very 
homogeneous and not subject to abrupt local changes. This basin was peripherally filled, receiving 
sediment from the east, south, and west. Chief sediment sources were Paleozoic sedimentary rocks. 
Lowlands to the east and west were traversed chiefly by meandering streams. Higher gradient streams 
with flashy discharge existed at northern and southern ends of the basin. The large shallow lake (or 
lakes) was the last portion of the basin to be filled. The lacustrine sediments that accumulated here 
consist primarily of low-energy mudstone. Surface exposures today in these areas consist of thick 
sequences of maroon-red-purple variegated mudstones with thin discontinuous layers of siltstones 
and silty sandstones. 

Ibe stratigraphy of the basal Lower Dockum varies significantly throughout eastern New Mexico. 
Figure 3-3, Triassic Period Sand Accumulation in Paleobasin, a subsurface sand percent map of this 
unit, was compiled from drill hole data from more than 1,500 oil wells throughout the basin. Thick 
sequences of sandstones at the northern and southern portions of the basin are shown projecting 
inward toward the center of the basin. In the New Mexico portion of this basin, these sand 
accumulations are related to the occurrence of the Santa Rosa Sandstones. This medium-to-coarse 
grained, white to buff sandstone represents the lowermost Triassic depositional unit and is a major 
aquifer in many portions of New Mexico. 

3.1.4 Permian 

Permian sediments are important to the geologic setting because they are immediately below the 
proposed Triassic host rocks. The deeper formations of Permian age were deposited in a restricted
marine environment and thus contain salt deposits, which make the groundwater produced from 
them too brackish for use. 

Permian sediments underlying the Triassic units in the project area are assigned to the Artesia Group. 
Oil well logs from the New Mexico OCD in Hobbs, New Mexico, have provided sufficient data to 
identify the Dewey Lake Formation, Rustler Formation, and Yates Formation from the upper portion 
of this group. Geologic literature describes these Permian sediments to be gently dipping to the east. 
'Ibis fact was confirmed by using oil well log data to construct a graphic 3-point solution. These 
calculations indicate a north-south strike and a dip of less than 1° to the east. These results are 
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consistent with the reported regional dip for Permian (and Triassic) sediments along the western flank 
of the Permian Basin. 

Dew?y Lake Fannatim - The uppermost Permian sediments underlying the Triassic sequence in the 
project area correlate to the Dewey Lake Formation. These sediments are predominately red to red
brown mudstones and siltstones and are virtually indistinguishable from the overlying Triassic 
sediments. Geologic literature reports a conformable relationship between these sediments and the 
overlying Triassic sediments. There are approximately 240 feet of Permian redbeds in this section. 

Rustler Fannatim- The top of the Rustler Formation was identified on OCD well logs and corresponds 
to the top of a 40-foot bed of anhydrite. These anhydrites are visible in outcrop on the hills 
immediately east of the Pecos River drainage east of Roswell, New Mexico. Underlying the anhydrite 
are approximately 500 feet of halite (salt). The Rustler Formation represents the youngest anhydrite 
sequence in the Permian Basin. 

Yates Fannatim - Unconformably underlying the Rustler, the Yates Formation is composed primarily 
of interbedded sandstone with minor dolostone and limestone. The sands are light gray and fine to 
vety fine grained. Limestone is white to vety light gray microctystalline lime mudstone with a chalky 
texture. Dolostone is pink to light gray and microctystalline. 

3.2 SITE STRATIGRAPHY 

·This section will provide detailed descriptions of the proposed Triassic host sediments and the 
Quatematy alluvium that overlies these sediments Figure 3-4, Surface Geology - Project Area, 
illustrates the surficial geology on and adjacent to the proposed site. Figure 3-5, Stratigraphic Cross 
Section, is a stratigraphic cross-section based on site drilling, illustrating relationships between the 
proposed Triassic host sediments and adjacent formations. 

3.2.1 Quaternary 

The thickness of Quatematy alluvial deposits at the site varies from less than 10 feet to 35 feet. The 
upper portion of these sediments consists of fine to vety fine, wind-blown yellow-brown sands. 
Below this sand are vatying thicknesses of red-brown to yellow-brown siltstones and silty mudstones. 
Scattered throughout these sediments are small chert pebbles and granitic cobbles derived from the 
T ertiaty Ogallala Formation. 

A caliche zone (Mescalero Caliche) is present in most of this unit. The caliche is found immediately 
under the top wind-blown sands and coats and fills fractures within the more consolidated siltstones. 
Where the Quatematy alluvium is quite thin, this caliche is found coating Triassic sediments. 

3.2.2 Triassic 

Drilling at the site has delineated 1,175 feet of Dockum sediments. Two distinct units can be 
identified in these sediments: the Upper Dockum (475 feet thick) and the Lower Dockum (700 feet 
thick). Within the proposed Facility boundaty the thickness of the Upper Dockum unit never exceeds 
100 feet. Upper Dockum sediments are in contact with the overlying Quatematy alluvium 
throughout the project area. 

Upper Dockum. - This unit consists of variegated (red-brown-green) mudstones interbedded with 
reddish gray siltstones and reddish-gray-green sandy siltstones. The siltstones are micaceous 
(predominantly muscovite), indicating they were part of a relatively active fluvial system capable of 
transporting material into the basin from distant source rocks. 

MOI'llfJml!YY Watson* P.O. &x 774018, Steamb:Jat: Springs, Colorado 80477 * {970) 879-6260 
InfiMIXiia * 1717 Louisiana &uleumi N.E., Albuquerque, NewMexiro 87110 * (505) 255-6200 



A 

27 

34 

6 

7 

Proposed Site 

1 

Qab 
19 

30 

26 

35 

0 

5 

Qab 

Slkaa 
Q Trill 

8 

SECTION 

20 

29 

25 

Qab 
36 

4 

9 

31 

R 

N 

w-c?-E 
s 

A' 

LEGEND 

D 
Qab (Quaternary 

Alluvium) 

(Triassic 
Undivided) 

(Tertiary 
Ogallala Fm. 

SURFACE GEOLOGY- PROJECT AREA 

Figure 3-4 



\ 
\ 

I 
I 
I 
I 
I 

e PB-39 

\ : 
sa : so : 

'\.. I 
e Pa -40 ~B-46 

I I \ 

, e PB - 42 \ e PB-44 : 1 e PB-47 

PB - 41 • 
sa v 

~ ~ ;: 
~(S! e PB-43 \ ( e PB-45 

t:) I 

PB-31 . ePB':'~ e Pd -3 \ : 

rtO----..' \ \: 
e PB-25 

&cO \ \ ' 1' 1 '-. 1 ' 
e PB-32 e PB - 11 1 e P~ 12 f!'B-22 

// \ \ I .......... 

' \ I 
\ PB-J.-~ PB - 2 

. PB-8 e PB-10f ~ e '-. e 
I I PB i36 ' 

I I ~-- I ) 

~~ e PB-6 ~~ " PB-5 -- f a,..;50-C 

~ol ~ f 1 
,..., I I I 

PB-23 • 
PB-37 • 

PB-20 • 
,?§ 47~ 1 \ 1 e PB-9\ e PB - 16 [ e PB-28 

r ' 1 1, \ 1 ' I . --\\ I I I \ : 
t -~\ P.IB:J 5C \, I PB 21 

PB- 14 • \. , • PB- 1 7 • '- • -
P9_:- I 4 \ 1\ ) '- - ' : 

~ \'- -......_ \, I 

__________ l..)~ ' ("'- ~~~ ... - ' '"-*-" 
PB - 1 ~ '-..~- "\ \ PB-I S '\oolf>o 

' ?Jeo_2~' l 

LEGEND 
PROPOSED SITE BOUNDARY 

- -4080· - STRUCTURAL CONTOURS 
PB - 13. BORetOLES 

I 
I 
I 

STRUCTURE CONTOUR 
TOP OF LOWER DOCKUM ..... ....~~ 

L._____J TRIASSIC PARK WASTE DISPOSAL FACILITY 

PB-19 

• 
_ PB-24 

-

e PB - 38 

SCALE 
0 1000' 2000' 

Figure 3-6 



"" 

W\WP\602\W ..... 
9110199.., 

SeptiJ?'Ikr 1999 Draft*~ Monitoring Waiter Request* Triassic Park Facility ~ Pafl! 14 

4.0 HYDROLOGY 

4.1 SURFACE WATER 

There are no perennial stream drainages on or near the proposed site. The nearest surface drainage is 
the Pecos River, approximately 30 miles to the west. 

There is one small stock tank (Red Tank) within the proposed Facility bonndary and several additional 
tanks on adjacent lands. These tanks are approximately 200 feet by 200 feet and contain water for 
livestock. The tanks are day-lined and retain water from nm-off or receive water from an 
nndergronnd pipeline. Water in the nndergronnd pipeline is supplied from three water wells on the 
Marley Ranch located in Section 10, T11S, R31E. These wells are east of the Mescalero Rim and 
produce water from the Ogallala Formation. In the past, water from the springs along the Capmck 
excarpment was used in this pipeline, but now water is pumped from the Ogallala Formation. The 
pipeline is personally owned and maintained by the Marley Ranch to provide water to cattle 
operations below the Caprock. 

Once the site is designated as a disposal area, cattle operations on this property will cease and the 
Marley Ranch will stop using Red Tank. They will also re-route their personal pipeline, as 
appropriate, to avoid waste disposal facility operations and continue to supply water to their cattle 
operations below the Caprock. It should be noted that pits that could pool surface water would be 
backfilled prior to operations. 

4.2 GROUNDWATER 

This section describes regional and local aquifers. 

4.2.1 Regional Aquifers 

In the region surronnding the proposed site, there are two geologic units that have produced 
gronndwater, the Triassic and the Tertiary Ogallala Formation. Very minor amonnts of gronndwater 
have been produced from Triassic sediments; but the Tertiary Ogallala Formation is a major aquifer in 
southeastern New Mexico, west Texas, and several other western states. 

A listing of all water wells within a 4-mile radius of the proposed site was obtained from the New 
Mexico State Engineer's office. Sixteen water wells were reported, fourteen from the Ogallala 
Formation and two from the Triassic. Of the two Triassic wells, one is now reported to be dry and 
the other is actually located more than 6 miles west of the proposed site. 

4.2.1.1 Ogallala Aquifer 

The Ogallala Aquifer is the primary freshwater aquifer within the regional study area and serves as the 
principal source of gronndwater in the Southern High Plains. The saturated thickness of the Ogallala 
Aquifer ranges from a few feet to approximately 300 feet in the Southern High Plains. Gronndwater 
within the Ogallala Aquifer is typically nnder water table conditions, with a regional hydraulic gradient 
toward the southeast ranging from approximately 10 feet/mile to 15 feet/mile. The average hydraulic 
conductivity of the Ogallala Aquifer ranges from 1 foot/ day to 27 feet/ day. 

The Ogallala Aquifer is recharged primarily through the infiltration of precipitation. The rate of 
recharge is believed to be less than 1 inch/year. Gronndwater discharge from the Ogallala Aquifer 
occurs naturally through springs, nnderflow, evaporation, and transpiration, but gronndwater is also 
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removed artificially through pumpage and catchment. Currently, the rate of withdrawal exceeds the 
rate of recharge for much of the Ogallala Aquifer . 

4.2.1.2 Lower Dockum Aquifer 

The major aquifer within the Lower Dockum is the Santa Rosa Sandstone. This sandstone is present 
along the northern and southern flanks of the Permian Basin and is a principal source of groundwater 
in Roosevelt and Cuny Counties, New Mexico. The Santa Rosa Sandstone is not mapped along the 
western flank of the Permian Basin, which includes the proposed site. Where the Santa Rosa Aquifer 
has been studied, hydrochemical analyses and groundwater oxygen isotopes indicate that it is distinctly 
different from the Ogallala Aquifer. The thick, impermeable clays within the Triassic section have 
been sufficiently impermeable to prevent hydraulic communication between these aquifers . 

4.2.2 Site Groundwater 

Potential Triassic host sediments within the proposed Facility boundary are unsaturated. Detailed 
drilling within this boundary has encountered no groundwater. Drilling outside the proposed Facility 
boundary has identified saturated zones in both the Upper and Lower Dockum Units. The following 
subsections contain descriptions of these saturated zones. 

4.2.2.1 Ogallala Aquifer 

The western boundary of the Ogallala Aquifer, represented by the Caprock escarpment, is located 
topographically/ stratigraphically above and 2 miles east of the proposed site. At the base of the 
escarpment, along the contact of the Ogallala Formation and the underlying Upper Dockum, are 
numerous springs, which are a result of downward-migrating Ogallala groundwater coming into 
contact with low permeability zones within the Upper Dockum and being diverted to the surface . 

4.2.2.2 Lower Dockum - "Uppermost Aquifer" 

For the purpose of this application, the uppermost aquifer is considered to be the basal sand unit of 
the Lower Dockum because the Ogallala Aquifer is not present at the site. The EPA has defined the 
uppermost aquifer as the geologic formation, group of formations, or part of a formation that is the 
aquifer nearest to the ground surface capable of yielding a significant amount of groundwater to wells "W

9
ll 

1
,_.,.), 1~;(•~ or springs. The _ _L_QW.~QeS not yield....~L.~t.munL.oLg.ronnchx<ate(:.? .. br ~'- <;-.~t-~ 

However, preliminary drilling in the site area has found the basal portion of this unit to be water-
bearing and to possess consistent hydrologic characteristics. 

IJ,'>I>A 't ·-:-:->( ~~ (,,) ( ,;: 

The identification of a confining layetis an essential factor in the identification of the uppermost 
aquifer. The 600 to 650 feet of Lower Dockum mudstones, which overly the basal sand unit, 
represents a high-integrity aquitard1 effectively confining the aquifer. This thick sequence of 
mudstones is of sufficient low permeability to prevent hydraulic communication between the Upper 
and Lower Dockum Units . 

The basal sandstone of the Lower Dockum Unit is the water-bearing portion of this unit. The 
recharge area for the Lower Dockum Aquifer is the Pecos River drainage to the west. Groundwater 
flow direction is easterly, along the regional dip of this unit. ~eO A, ceo v.~ St<cL-" ~c..,. 'fti•: "'' ~ .... 

A_,(') "i''I(?~AJ,) !)..J.tc-,~.) ~S ·t ... I.\1Y .\.) '' c-,c~-:. \f< ~ 

Most of the shallow drilling in the site area has "bottomed" in the upper portion of the aquitard. Two 
holes (WW-1 and WW-2) were drilled to approximately the base of the Triassic section and 
encountered water from the Lower Dockum Aquifer (Figure 4-1, Upper Dockum- Perched Water). 
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Hole WW-1 also penetrated a saturated zone in the Upper Dockum Unit, resulting in a mixing of 
these groundwaters in this drill hole. 

Both holes were drilled with an air rotary rig and drill-cutting samples were collected. WW-1 was 
completed to a depth of 820 feet and, at the time of drilling, no water saturation was apparent in the 
drill cuttings. WW-2 was completed to a depth of 710 feet; however, circulation was lost at a depth of 
645 feet. Loss of circulation commonly occurs when drill cuttings are too wet for the air pressure of 
the rig to remove the cuttings from the hole. It is likely that the basal sandstone of the Lower 
Dockum Unit was penetrated at this depth. 

Water Lec:el Measurrments - Temporary plastic casing was placed in each of the two holes immediately 
after completion. In July 1994, geophysical logs were run for each hole, and water levels were 
identified. WW-1 had a water level of 155 feet. This level is 20 feet above the Upper/Lower 
Dockum contact, and it is likely that groundwaters from both units are present in this drill hole. A 
water level of 467 feet was observed for WW-2. This finding indicates that there is a hydrostatic head 
pressure within the Lower Dockum Aquifer of 178 feet. 

Both of these cased holes were pumped and allowed to recover. After a sufficient recovety period, a 
static water level (155 feet for WW-1 and 467 feet for WW-2) was maintained. 

Water Qlality - Preliminary water quality data are presented only for WW-2. This drill hole 
encountered groundwater from the Lower Dockum. Because groundwater from the Upper Dockum 
and Lower Dockum was mixed in drill hole WW-1, preliminary water quality data from WW-1 do not 
accurately characterize either aquifer and are not presented. The results from WW-2 include the 
following: 

Total Dissolved Solids 
Alkalinity 
Sodium 
Magnesium 

18,800 mg/1 
83 mg/1 

7,030 mg/1 
87 mg/1 

These preliminary data indicate that the water quality of the Lower Dockum is vety poor. The 
extremely high TDS values are indicative of long formation retention times, which reflects low 
groundwater flow and low permeability conditions within the Lower Dockum aquifer. 

4.2.2.3 Upper Dockum - Perched Water 

Several springs are present where the Ogallala Formation crops out, two miles east of the Facility site, 
along the 200-foot high Caprock escarpment. None of these springs occur near the proposed facility. 
These springs are present where the Ogallala sands unconformably overlie impermeable Dockum 
mudstones and claystones and the groundwater moves laterally to the surface. Where these water
bearing Ogallala sands are in contact with more permeable units of the Upper Dockum, saturation of 
these underlying sediments may occur. The result is sporadic accumulation of perched water within 
some Upper Dockum siltstones. As shown in Figure 4-1, three holes to the northeast of the 
proposed site (PB-1, PB-26 and WW-1) haven encountered this perched water. Due to the great 
variability in lithologies of the fluvial Upper Dockum sediments and the need for permeable 
sediments to be in contact with Ogallala source rocks, the occurrence of saturation within these 
sediments is extremely unpredictable. 

It is extremely significant that this saturation does not extend beneath the Facility site. All 40 drill 
holes within the site boundaty, as shown on Figure 1-1, have been unsaturated. For this reason, there 
were no groundwater production tests conducted. 
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Exploratory drilling west of the proposed Facility boundary (updip), near the outcrop of the Upper 
Dockum Unit, the small sandy hills located along the section line between Section 18, T11S, R31E 
and Section 13, T11S, R30E, encountered an isolated occurrence of groundwater (Figure 4-1). In a 
single drill hole (PB-14), at a depth of 42 feet, a small accumulation of groundwater was found in a 
depression developed on the surface of the underlying Lower Dockum mudstones. This depression is 
consistent with the "scouring" of the Upper Dockum fluvial sediments into the Lower Dockum 
mudstones. Closer spaced drilling in the vicinity of this occurrence encountered no other such 
accumulations. This isolated "pooling" is most likely a result of surface run-off entering the 
subsurface from the nearby outcrop and being caught in a small "stratigraphic trap." 

Water Qlality - Preliminary water quality data were obtained from limited chemical analyses on a 
sample of the stratigraphically trapped groundwater from drill hole PB-14. These results include the 
following measurements: 

Total Dissolved Solids 
Alkalinity 
Sodium 
Magnesium 

4,920 mg/1 
396 mg/1 

1,640 mg/1 
103 mg/1 

These preliminary data indicate that water from the Upper Dockum is of poor quality. The most 
significant parameter is total dissolved solids (TDS); water with TDS values of greater than 500 mg/1 
is considered to be unfit for human consumption. These data also indicate that while water quality is 
poor in both the upper and lower Dockum, the two units have significantly different water quality 
signatures with higher TDS and sodium concentations in the Lower Dockum. 
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5.0 TECHNICAL JUSTIFICATION 

5.1 WATER BALANCE 

The water balance analysis estimated groundwater recharge from direct precipitation, surface water 
bodies, and irrigation at the proposed landfill site. This information is useful for assessing the 
potential migration of contaminants released at or near the surface to groundwater. Groundwater 
recharge rate is directly related to the potential for contaminants spilled or leaked at the surface to 
reach groundwater. In areas with little or no groundwater recharge, there is less potential for 
groundwater contamination from releases of hazardous substances than in high recharge areas 
because the mechanisms to transport potential contamination are limited. 

A water balance requires quantification of the hydrologic components, which can result in changes in 
the amount of water stored in the area of interest. Often, water balances are calculated for an entire 
watershed to understand the relative importance of the hydrologic components within that area. For 
this analysis, the water balance was performed to estimate groundwater recharge at the proposed 
landfill site . 

Groundwater recharge at the proposed site can be estimated by summing precipitation, infiltration 
from surface water bodies, and irrigation at the site and subtracting evapotranspiration and surface 
run-off. As no natural surface water bodies or irrigation occur at the site, groundwater recharge is 
estimated as the difference between direct precipitation and evapotranspiration. This assumes no 
surfacerun-offatthesite. --I> (<'oC.. ~1otv. , ... ~~J..e.~ \2Q~0-\.t~,\ \>~>•J<l;. bO!I..)b '-io rt:£. UJ..~t."> 

Precipitation data collected at the Roswell weather station indicate that mean annual precipitation is 
10.61 inches. This annual mean is used as the average precipitation at the proposed site. 

( "'. "~ll,/' 1 

Edirvapotranspira~on redfers to ~he .procbesse
1
s that rde~ walater1t~ ththe atm

1 
osp~ere by athcombinaub·ond of I L uf., 

1 
·" 

ect evaporation an transprratlon y p ants an arum s. t 1s e argest 1tem m e water u get '/l · , Lo'' · 
because most of the precipitation that falls in the area returns almost immediately to the atmosphere ( :·'''~"c,..,,~~·"i 
without becoming part of the surface water or groundwater systems. On unirrigated rangeland, much ·. \•Y)" ~ 

. t "0 of the precipitation that does not evaporate immediately is taken up fairly rapidly by plants and / } ·-:dj 
transpired. In a regional water balance conducted in southeastern New Mexico, it was estimated that ~"-1* 
approximately 96 percent of total precipitation is lost to evapotranspiration (Hunter, 1985). This r \'"~ 
number corresponds to data presented for the Rio Grande Basin by Todd (1983), that estimated that C).0 ufo ~~~ 
95.4 percent of total precipitation was being lost to evapotranspiration. 9'"\' .._,.u,~ ~(· ~\c-~. 

Assuming a mean annual precipitation rate of 10.61 inches, of which 96 percent~: lo;\1;~ '•J't ,. 

evapotranspiration, the net recharge to grolJl!~~3:t(!~ __ i~_est~!.~<;t as_QA2._im::h per y';J • This low 
groundwater recharge rate sigllilicant:Iy reCfuc~s the oo~ntial for groundwater contamination from . 

ill 1 ak th d F ili• ~-li!J,+ ,;,t.D 1..-' l)o0'" 41\,'_. ~<>;;," · J.\. '-ri.H.) sp s or e sat e propose ac ty. \YO _':'[,:.Ol..o~ ,, UJ.;.i...-1-.(. c;::: ... ~e ol ~v-'·""' 
"'~ ~ ,< ~1/J>III,.l,t,j•·'" ~· 

The purpose of this water balance is to provide a conceptual understanding of the /hydrologic 
components at the site. The amount of groundwater recharge is a reflection of the arid c}fmate of the 
region. The net recharge estimate of 0.42 inch per year (based on average hydr_Q}Qgictomponents) 
represents the expected long-term annual conditions at the site. The relatively low recharge rate 
appears to be reasonable given the unsaturated conditions of the Upper Dockum within the site 
boundaries. Using the highest recorded annual precipitation value of 32.92 inches yields only a 
slightly higher recharge rate of 1.32 inches (assuming an evapotranspiration rate of 0.96). This short
term (1 year) increase in recharge is unlikely to have a significant impact on the unsaturated flow 
regime at the proposed site. 
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5.2 CONTAMINANT TRANSPORT MODELING 

Geologic and hydrologic characteristics of Lower Dockum sediments, as described in Section 3.0 and 
4.0 have been incorporated into unsaturated flow modeling to estimate contaminant transport times. 

/__5.2.1 Unsaturated Flow Modeling 

Unsaturated flow modeling was performed to simulate potential leakage or infiltration from the 
proposed hazardous waste facilities. Site characterization data indicate unsaturated conditions in the 
strata underlying the proposed facilities. The unsaturated flow model developed by McKee and 
Bumb (1988) predicts the extent of wetting fronts emanating from leakage sources on the base of the 
landfill. Leakage rates were based on preliminary HELP (Hydrologic Evaluation of Landfill 
Performance) modeling results presented in Tables 5.1, Triassic Park HELP Model Results Summary 
for Cell Floor and 5.2, Triassic Park HELP Model Results Summary for Cell Slope. The modeling 
results help illustrate how the natural hydrological conditions at the site inhibit subsurface fluid flow. 
[Note: These HELP modeling results should not be confused with those presented in the engineering ,/. 
report in Volumes III and VI, which support the current landfill design¥fhefolloWing simulation r:, •1,;.·, 'fq. ,,,_; ' 

was performed to account for the heterogeneities at the site. The simulation predicts the soil 
moisture distribution in the Lower Dockum from leakage sources at the base of the landfill. The 
predicted wetting fronts led to the estimation of unsaturated hydraulic conductivities, darcy flux rates, 
interstitial water velocities and approximate contaminant travel times to the nearest aquifers. The 
primary modeling objectives include the following: 

\f't 
r y~.., ~ 1 • prediction of the effective saturation distribution (wetting front) emanating from the landfill 

~,~\.1 ~"' source; and, 
.L) ·.,, b 

~:,,~,~.t: determination of the unsaturated hydraulic conductivity and advective transport rates. 
~') 

TRIASSIC PARK HELP MOD~:crrt;tMMA;; ~~~ELL FLOOR 

LCRS Operational Beyond ','",:.-,. 
i· .-"- LCRS Not Operational Beyond 

30 Years Post Closure -- ----·· 
30 Years Post Closure 

Time Liner Leakage Cap Leakage Final Waste Liner Leakage Cap Leakage Final Waste 
(years) (gal/acre/day) (galla:;:e/day) · Moisture Content (gal/acre/day) (gal/acre/day) Moisture Content 

(vollvol) (vollvol) 

0 1.3781 }14A 0.1410 1.3781 NA 0.1410 

20 0.9400 ,1}'.0454 0.1222 .9400 0.0454 0.1222 

30 0.2735 /0.0430 0.1181 0.2735 0.0430 0.1181 

50 0.1927 i 0.0450 0.1125 3.4579 0.0450 0.1125 ' 
70 0.1329 I 0.0450 0.1087 8.0071 0.0450 0.1098 

90 0.1007 I 0.0439 0.1059 9.1465~ 0.0439 0.1083 

100 0.0775 0.0442 0.1049 c··a~58"tf .... 0.0442 0.1076 

120 0.0744 I 0.0453 0.1029 8.8612 0.0453 0.1062 

140 o.o629 1 0.0461 0.1013 8.6989 0.0461 0.1048 

160 0.054J 0.0442 0.0999 8.5494 0.0442 0.1034 

180 0.0¢2 0.0442 0.0987 8.4178 0.0442 0.1021 

200 0,0431 0.0431 0.0976 8.2818 0.0442 0.1008 

NA - Not App~t~e 4: ~U.l>lt..l f:> LCRS= Leaka e collection and recovery system (".> Tilt~ WK4"\"' Atb.o;_,.\ l..:IC'~q\) IT' kl,•L""';" 

l. - \ ..-·. _, "'"·~- s ll"- IS CA ·,f.(;;;--:: ~,.. N'='·.d \::.-'f ' "-'"' .:;; ;,<1 It\ •. ,"'.) l ..... \ 
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II , D 

TABLE5.2 (/ +~·.) 

TRIASSIC PARK HELP MODEL RESULT SUMMARY FOR CELL SLOPE1 

LCRS Operational Beyond 30 Years Post Closure LCRS Not Operational Beyond 30 Years Post Closure 

Time Liner Leakage Cap Leakage Final Waste Liner Leakage Cap Leakage Final Waste 

(years) (gal/acre/day) (gal/acre/day) Moisture (gal/acre/day) (gal/acre/day) Moisture 
Content Content 
(vollvol) (vollvol) 

0 173.0000 NA 0.1410 173.0000 NA 0.1414 
20 123.0000 0.0453 0.1221 123.0000 0.0453 0.1223 
30 53.5373 0.0442 0.1182 53.5373 0.0442 0.1182 
50 37.0011 0.0453 0.1152 37.0282 0.0453 0.1152 
70 24.5001 0.0461 0.1087 24.5114 0.0452 0.1087 
90 18.0529 0.0442 0.1059 18.0583 0.0449 0.1059 
100 13.6143 0.0425 0.1049 13.6174 0.0430 0.1049 
120 12.9000 0.0443 0.1029 12.9032 0.0450 0.1029 
140 10.7627 0.0439 0.1013 10.7642 0.0450 0.1013 
160 9.2002 0.0457 0.0999 9.2030 0.0439 0.0999 
180 8.0161 0.0462 0.0987 8.0178 0.0457 0.0987 
200 7.0994 0.0461 0.0976 7.1002 0.0462 0.0976 

Notes: Initial HELP Modeling Results were based on landfill liner system without double liner system on side slopes. These 
should not be confused with HELP results presented in the Engineering Report. 
NA - Not Applicable """""' 
LCRS = Leakage collection and recovery system. J 

I 

5.2.2 Modeling Methodology I 
··-~- t...)\(·'t \!., 14,0)£:.. /<,. 

Unsaturated flow modeling was performed using the exact steady state solution developed by McKee 
and Bumb (1988) and Bump and McKee et al. (1988). The steady state solution derived from the 
Richards equation (1931) of unsaturated flow provides more conservative results in lieu of transient 
based solutions. The McKee and Bumb (1988) and Bumb and McKee et al. (1988) steady state 
solution for a continuous point source in an infinite isotropic medium is governed by the following 
equations. 

I ,, 1i r , .l r,, J ,,.... I ; ' )( v-
l I 

? f 
' (EQ. 1) 

exp[ ~( z-z'-~ h(z-z'f)] 

111] = -=Q----;====--
~ 4;r~r 2 + (z- z'Y 

' 7 ')( 'i L( • 

CJ 

(EQ. 2) 

r = ~(x-x')2 -(y- y'Y 
(EQ. 3) 

111] = hydraulic potential 

S = S, +(Sm -s,)(arJI Ko} 11
n 

(EQ. 4) 
or .,J~", 

I ' I 'I ' { )rl . 

( )

lin , . .i 

s. = a17/ Ko r··'"-<</ 
At the ~acility site, the evapotranspiration ~gh-wi~h respect to precipitation ~lle.r, l~4). 
According to McKee and Bumb {1988), the(~il~ ~erru-and reg10ns of the western UruteaStates are 

·· '<...._ <:' ke:. '11i.l~ A.,lf\~ 1,) ( )holo &rG11> '? 
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at or below residual saturation (Sr). ~~e, the observed initial moisture contents are probably at 
or near the residual moisture content. Generally, fluid flow is inhibited at soil moisture contents at or 
below the residual moisture content. The amount of saturation above the residual moisture content is 
referred to as the effective saturation. Unsaturated hydraulic conductivity is a function of the 
effective saturation and is expressed in the following equation (McKee and Bumb, 1988; Bumb and 
McKee et al., 1988): 

(EQ. 5) 

Brooks and Corey (1964) correlated then exponent with the pore size distribution index a. McKee 
and Bumb (1988) by confirmation of theoretical derivations by Irrnay (1954) suggest an optimal value 
of 3 forT). 

Under steady state conditions flow is driven by the force of gravity as the matric potential approaches 
unity (Hillel, 1980). Therefore, under steady state conditions the unsaturated hydraulic conductivity 
is equal to the darcy flux which in turn is multiplied by the unit area to obtain a leakage or discharge 
rate (Q). The following equations express these relationships: 

q(e ) = K(e ); 
q(e ) 

Q=-
A 

(EQ. 6) 

(EQ. 7) 

The average interstitial water velocity (v) was used to estimate advective transport rates of non
reactive conservative solutes. Approximate travel times to the nearest aquifers can be estimated from 
the interstitial water velocity using the following expression: 

v =q 1 e (EQ. 8) 

In summaty, modeling assumptions include steady state unsaturated flow in an infinite domain, a 
continuous leakage source, flow through porous medium, complete saturation of the soil beneath the 
source, and initial uniform saturation of the medium. The modeling does not account for secondary 
permeability features such as faults, fractures and macropores. A _~ 

(_ d ~, 
5.2.3 Input Parameters lJ)"eh ,-::_ -t,<. A;fl t::~JL 

Input parameters and initial boundaty conditions were based on observed field conditions, landfill 1 . . 
1 

~ : t:-·l 
design specification, and preliminaty HELP modeling results [Note: These preliminaty HELP ) ~~~\ ~- t 1

• · 

modeling results were based on a landfill liner design which did not incorporate a double liner system / i' "'0 P~ tli 
on the side slope areas. These results should not be confused with the HELP modeling results · .._.ow; /o\' 
presented in the engineering report in Volume III and VI. The results presented in the engineering (!:2!_;a; ~'';l ~ "". ) 
report support the currently proposed landfill design which incorporates a double liner in all areas and 
does not indicate any leakage from the landfill.] Avera e hydraulic parameters for the Lower Dockum 
and landfill design specifications are presented in section. Input parameters used for the ~ ~lM fD ~6-
unsaturated flow modeling are presented in Table 5.3, for Unsatura,t~d.Elo-w----
Modeling. . ... ~h1 !At 'Zt. fM t. 

of ~~~· }.,4\()~ 

Modeled source coordinates correspond to the basal dimensions of the proposed landfill. 
Conservative average leakage rates from the preliminaty HELP modeling were used as source terms 
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Unit 

Lower 
Dockum 

Upper 
Dockum 

Cla_y_Berm 
Quaternary 
Alluvium 
Key: 

~ ' ~ j 
" ;/j 

I. I 

p Ko 

(m) (m/dayl Sr_ 

0.373 4.90E-05 ·o.279 

~--"~ -
0.2076 1.05E-02 .A 0.161 I 

7w=~ Pf 1>. -~~~-:.<-

I <;, .. ~ ..... t-•1"",.,~ I 

•• u->L -.\.."- (.~~.~-...N""' 
0.37 8,6¢Ez(,l5 0.126• 

0.0726• ,, 8.64E-02 0.0458° ---·--

i !I i, !I ic ~ 
" j 

l ; i • ' j ' fj c. J t " l J t j 
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TABLE 5.3 
INPUT PARAMETERS FOR UNSATURATED FLOW MODELING 

Q (l 

Sm (m3/day) n 1/m 
8.00E-05 3 8.042 

1 I 3.80E-05 3 14.45 

1 I 3.80E-05 3 8.108 
1 I 3.80E-05 3 41.32 

/ 

x, 

0, 33, 66, 99, 
132, 165, 193, 
231, 264, 297, 
330, 363, 396, 

429,462 
5.5, 11' 16.5, 22, 

27 .5, 33, 38.5, 
44, 49.5, 55, 

60.5, 66, 71.5, 
77 

0, 5.5, 11 
0, 5.5, 11 

Source Coordinates (m) 

y1 I z, 
0 I 0 

o I 24.5, 22.6, 20. 72, 18.84, 16.96, 

0 
0 

15.07, 13.19, 11.31, 9.42, 7.54, 
5.65, 3. 77, 1.88, 0 

3.77, 1.88, 0 
3.77, 1.88, 0 

i ' p = bubbling pressure; typical values reported by Bumb and Mckee et al. ( 19881 ..-
Ko = saturated hydraulic conductivity; site"'specitiG. mea As • a lues __ .... 

[.-) :r: ,__we [ -+ ~' r 
~ 

? 

(l = 

Sm = maximum saturation; assumed 
Sr = residual saturation; site-specific mean values 
Q = leakage rate; based on HELP modeling results 
n = curve fining parameter based on pre size index (Mckee and Bumb, 1988) 
niP 
1 
a 
b 

Typical values reported by Bumb and Mckee et al (19881 
typical values reported by Bumb and Mckee et al. ( 1988) 
assumed values 
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.·----'~ ~f>.l.) 
along the baser(8.58,kpd)' of the landfill to provide conservative "worst case" estimate of unsaturated 
flow. The leakage rate for the floor of the landfill was based on HELP modeling simulations between 
70 and 200 years. The initial leakage rates for the first 50 years of HELP modeling were excluded 
from the average because these rates were extremely low and probably not representative of 
steadystate conditions. These simulated leakage rates are based on extreme conditions such as waste 
moisture content conditions which exceed the field capacity of the waste and a termination of leachate 
pumping following the 30-year post-closure period. 

rr 

':{\.v€rage ~1te-specific saturated hydraulic conductivity values for the Lower Dockum (5.68 x 1o-s em/ s) 
;ere used as initial conditions for the modeling sim~s. The effective saturation values for the 
Lower Dockum simulation was based on site-specific~ initial moisture contents (Stoller, 1994). 
The bubbling pressures for the Lower Dockum simulation was based on 41:Y~values of similar 
types of geologic materials reported by Bumb and McKee et al. (1988). Initial boundary conditions 
are presented in Figure 5-1, which shows a schematic of the proposed landfill and surrounding 
hydrostratigraphy. As displayed in Figure 5-1, the Lower Dockum Aquifer is approximately 600 feet 
(200 meters) below the site. 

5.2.4 Modeling Results 

The steady state unsaturated flow modeling results are presented in Figures 5-2 through 5-5. The 
Lower Dockum results are presented as a function of depth from the source. The results of the 
modeling simulations are in reference to the landfill source. 

. t(r,). ,_.) ~.. ... ~ .. .~_-~+- (' 
Figure 5-2 displays the effective saturation at v¥ious di~ances from the source. As the wetting front 
disperses from the landfill SOlJI'~e-~ c.!J,m' shows abrupt decreases in saturation. Although the 
effective saturation dissipates/less rapidi)r ih the Lower Dockum, moisture contents decrease by nearly 
one order of magnitude at approximately 200 meters from the landfill source. The modeling results 

,-" c J indicate that the Lower Dockum maintains saturation because fluid movement is driven primarily by 
) , ~'- , ::.. ... ' ' gravitational fon~es; therefore fluid migration is greatest in the vertical direction. 

"'"' ,. >to\' ., ?' ····_':$( 
':'1-J I ___./ 

.... 

l~,·~ .,1 ~ • ,.., Figures 5-3 and 5-4 display the unsaturated hydraulic conductivity and interstitial water velocity c~t\ r I'' 

W\WP\602\W.W. 
9/I0/99slw 

results, respectively. Comparison of these data to the effective saturation distributions (Figure 5-2) 
show the high degree of correlation between unsaturated flow and soil moisture content. Figures 5-3 
and 5-4 show abrupt decreases in unsaturated hydraulic conductivity and interstitial water velocity, 
respectively, at relatively short distances from the source. Although Figure 5-4 shows that the 
interstitial water velocities decrease exponentially over distance, gross travel times may be estimated. 
The simulated interstitial water velocities were used to compute the contaminant travel time for a 

,·'ifon-reactive solllt:e (rom the base of the landfill to the Lower Dockum Aquifer, located approximately 
· ~~5oo·feet) below the site, as at 4,084,674 years. 

"{ pQ.o:'f.:O ·'-"·· <:.•)'~':.!< ) nf J.. (,(2_0\( -~" 'L Sr'>L<-){.( , 

'T\ ~ ..\.1<~·'·- .·,··r,!l' .. ,.:,~ IJ/,./ "·''\).'CJ .. 't: .! .... ).J...l'{. \·t 1'~ '"' ~1...\C">)t·l-.r'>\ 
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6.0 SUMMARY AND CONCLUSIONS 

Site drilling has established the basal sand of the Lower Dockum (Santa Rosa Sandstone equivalent) 
to be the uppermost aquifer for the proposed Triassic Park Disposal Facility. Within a ten-mile radius 
of the Facility, there is no water currently being produced from this unit. Water quality from this 
aquifer is considered to be poor, with water analyses showing Total Dissolved Solids to be 18,800 

/1 f). ~At A... 'I 
mg . ~, ~ ~oQ&._.. -t o.t£. C "- {"-.)~4 

""\'=' '1;:o. ct"a-.. e ~ 
Overlying this aquifer are 600-650 feet of unsaturated, low-permeability mudstones. Analyses of site 
core samples indicate that the average permeability of these mudstones are 5.7 x 10-7 em/ s. The base 
of the hazardous waste landfill is designed to rest on the top of this thick mudstone sequence. 
Unsaturated transport modeling estimates that it would take 4,084,674 years for contaminants to 
travel from the base of the landfill to this aquifer. 

The Gandy Marley Corporation considers the monitoring of the Lower Dockum aquifer not to be 
protective of human health and the environment and requests a waiver from these monitoring 
requirements for the following reasons: 

• The thick sequence {600-650 feet) of low permeability Lower Dockum mudstones provide a 
sound geologic barrier to the downward migration of contaminants. 

• The installation of monitoring wells in the Lower Dockum aquifer would violate the integrity of 
geologic barrier provided by the thick sequence of mudstones and possibly create an avenue for 
contaminant migration. 

• The Lower Dockum aquifer has artesian characteristics as demonstrated through a site specific 
investigation. 

• A commitment exists from Gandy Marley to construct hazardous waste management units 
(HWMU) with leachate and release monitoring and retrieval systems. 

This groundwater monitoring wavier has been prepared by qualified individuals and the proper 
certification will be included in the final waiver. 
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