
PRIVILEGED INFORMATION 

May 27, 20 10 

tvt:r. Jim Hedges, Chainnan 
Fremont County Solid Waste Disposal District 
P.O. Box 1400 
Lander, WY 82520 

RE: Independen t Hydrologic and Regulatory Revie\v, Sand Draw Landfil l, Fremont County. Wyoming 

Dea r Mr. Hedges: 

Trihydro Corporation (Trihydro) is pleased to present this report to the Fremont County Solid Waste 
Disposal Distr ict (FCSWDD). The purpose of this repOl1 is to provide an independent review of various 
subsurface investigations, monitoring reports, and permit applicat ion documents for Sand Draw Landfi ll. 
This report summarizes Trihydro's observations, conclusions, and recommendations relative to the 
characterization of the groundwater regime(s), the current monitoring system, and potential engineered 
con tainment system issues. Contributions to this rep0l1 have been provided by Brian Smith, P.G., Joel 
Farber, P.E. & P.O., and Ken Schreuder, P.E. & P.O., which together offer over 70 years of consulting 
and regula tory experience to the f CSWDD. 

Facility Information 
The Sand Draw Landfill (facil ity) is located on land owned by the FCSWDD in Section 26, Township 34 
North, Range 96 West, in Fremont County, Wyoming (Figure I). The existing landfi ll operation is 
located on approximately 80 acres of land in the northeast comer of the permit area. The current pennit 
area also includes approximately 133 acres of land adjacent to the western and southern boundaries of the 
existing landfill operarion. The adjacent 133 acres (a.k.a. "proposed expansion area") has been 
designated for futu re disposal capacity) although spec ific design plans and capacity est imates have not yet 

been prepared. 

The Sand Draw Landfi ll reportedly began recciving waste in 1982. TI,e facility currently receives 
approximatcly 45,000 tons per year of municipa l solid waste (MSW) and construction-demol ition waste 
(CDW) for disposal in unlined cells. The base elevations of disposal cells vary, but are generally withi n 
approximately IS to 20 feet of the original ground surface. Disposal cells are filled to elevations in 
excess of the original ground surface. The 2009 estimate of the remaining site life of the 80 acres that are 

part of the existing landfill operation is estimated to be approximately 31 years, or unti l year 2040 (lME 
2010). The majority of the 80 acres tha t are part of the existing land Jill operation have already received 
waste, so most of the remaining capacity is air space above the existing \\'3ste footprint. The \Vyoming 
Department of Environmental Quality (WDEQ), Solid and Hazardous Waste Division (SHW D) has 
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indicated that the remaining capacity of the SO acres that are palt of the existing landfill operation may be 

used without an engineered containment system (WDEQ 20 I 0) . 

Site Setting 
The Sand Draw Landfill is located on a relatively flat tenllc.e at an elevation of approximately 5,500 feet 

above mean sea level Cft-amsl). The area typically receives less than 10 inches of precipitation per year, 

with approximately 80% of the precipitation OcculTing between April and October (inclusive), when the 

potential evapotranspiration rates are hi ghest (DRI 2010). Several unnamed ephemeral drainages and 

surface water impoundments are present in the area . The closest perennial surface water feature is Beaver 

Creek, which lies seyeral miles to the west and several hundred feet below the facility. 

The Sand Draw Landfi H lies within the \Vind River Bas in. an asymmetrical structural and depositiona l 
basin that formed during the Laramide orogeny, which was act ive from the Late Cretaceous to the 
Paleocene. The Wind River Basin is bounded on the nor th by the A.bsaroka Range, Owl Creek, alld 

Bridger Mountains, on the west and southwest by the \Vind River Range, on the south by [he Granite 
Mountains, and on the east by the Casper Arch. The basin is filled with a relatively th ick sequence of 

sedi ments that accumulated during the Late Cretaceous and Early Tert iary (Plafcan et al 1995). 

The Sand Draw Land fill is underlain by the Tertiary (Lower Eocene) \\lind River Formation, which is the 

most aeria lly-extensive water-bearing fOlmation exposed at the surface of the \Vind River Basin. 

Regionally, the Wind River Fonnation is characterized by an interbedded sequence of sbale and siltstone 
that contains lenticu lar beds of fine- to coarse-grained sandstone ofvatiable thickness and extent. The 
\Vind River Fonllation generally produces calcium sulfate or sodium sulfate groundwater at depths of 50 
to 1,200 feet. Some sodium bicarbonate and calcium bicarbonate groundwater is also reported 

(\Vhitcomb an d Lowry 1968). Groundwater occurs under both confined and unconfined condit ions 
within the Wind River FOl1nalion. Produc tion rates are reported to vary from less than 50 gal/min to 

3,000 gal/min (Pla foa n e \ al \995) . 

A number of subsurface investigations of the soil, geologic, and groundwater conditions in the vicinity of 

the Sand Dr3\v Landfill have been completed using traditional drilling and sampling techniques for soil, 
rock, and grounch:vater. The majority of the surface soils at Ule facil ity are assoc iated with the Almy­

Monbutte-Rallod complex, which is characterized by loams. tine sandy 10ams, very fine sandy loams, and 
clay loams. Other conmlon soi l types include loams and clays associa ted with the Blazon-Rock outcrop­

Carmody complex and the C ushol-Rock River association (USDA 1993) . The subsurface litho logy of the 
site is characterized by relatively flat-lying claystones. sil tstones, and sandstones associated wi th the 
\Vind Ri\'er Fonn3tioll. 
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Currently there are 24 groundwater monitoring wells associated with the facility. The total depths of the 

monitorlng wells range from approximately 2 1 to 138 feet below ground surface (ft-bgs). Some of the 
existing monitoring wells are dry. Twelve of the existing monitoring wells repOitedly have water column 

heights in excess of I foot, and the depths to static water levels range from approximately 18 to 127 ft -bgs 
(lME 20 JOb). The majoflty of the monitoring wells are screened in water-bearing sandstones, although 

some are screened in water-bearing siltstones and claystolles. The water supply well for the facility 

produces water from a sandstone layer that was encountered between 161 and 173 ft-bgs. 

Env ironmental Monitoring Program 
The environmental monitoring program for the facility inc1udes both groundwater and methane 
monitoring activities. The existing groundwater monitoring program for the facility includes ten wel ls 

(R-4, R-9S, R-9D, R13S, R-13D, R-1 8, R- 19, R-20, R-2 1, and R-22) which are located around the 
perimeter of the existing SO-acre permit area (Figure 2). Static water levels in the wells are gauged 
monthly. Groundwater samples are collected on a quarterly basis from wells that produce enough water 

to allow collection of samples. Some wells (e.g., R-4 and R-19) have not produced enough water to 
collect samples. Groundwater samples are analyzed fo r the baseline parameters defined by Solid \Vasfe 

Chapter 2, Section 6(b)(ii)(D)(I1) and Appendix A. The current groundwater monitoring program for the 
existing facility commenced in July 2009 (IME 201 Oa). 

Addi tional groundwater monitoring wells on the proposed 133-acre landfiH expans-ion area are a1so 

gauged on monthly basis, but samples are not collected for laboratory analysis (Figure 2). The wells 
located on the proposed landfill expansion 3rea are not part of the groundwater monitoring program for 

the existing landfill operation (IME 20 lOa). Several of the wells on the proposed landfill expansion area 
(R-12, R-16S, and R 16D) are within 150 meters (approximately 492 feet) of the pem1it boundary for the 

eXlsting landfill operation. 

The existing methane monitoring program includes monitoring wells R-4 and R-19, the interior of the 

S11OP, and two vents associated \vith the methane venting system for the shop. Methane monito!ing is 

completed 011 a quarterly basis in conj unction \:vith qua11erly groundwuter monitoring program (IME 

20]Oa). 

Review of ground\vater monitoring data from monitoring events in July 2009 and January 2010 noted tbe 

detection of acetone and trichlorofluoromethane ill well R-9D (July 2009 and January 201 0 even ts), and 
acetone in we1l R-20 (July 2009 event), The groundwater protection standard for acetone is 32,800 ~lg/L 
(Maximum Contaminant Limit, or MeL), and the groundwater protection standard for 

trichlorot1uoromethane is J 0,900 ,lg/L (Drinking Water Equivalent Level, or DWEL). Detections of the 
noted volatile organic compounds (VOCs) were several orders of magnitude below the associated 

ground\!"ater protection standards . 
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Geophysica l Investigation 
HydroGEOPHYSICS, Inc. (HGI) completed a high resolution resistivity (HRR) study of the Sand Draw 
Landfill in 2008 (HGJ 2009). The data and associated analysis provide a general indication regarding the 
vertical and lateral extent (i.e. volume) of resistive matelia l, which is a primarily a function of the 
interconnectivity of the \-valer in the sailor rock, and the chemical composition of the water itself. 

A total of 34 lines of data were processed, but only a lilni led number oflines are proximal to subsurface 
lithologic/groundwater data points fo r correlation purposes. I-lRR lines with some degree of correlation to 
li thologic/gro undwater data include: 

Line I is oriented north-south, and generally parallels geologic cross section C-C' (IME 2005). This 
line is in close proximity to wells R-J 8, R-9S, R-9D, R-20, and R-8. 

Line 3 is oriented north-south, and is in close proximity to wclls R-13 , R- 130, R-4, R-22, R-17 
(boring), R- 19, R-5 , and R-SD. Line 3 does not parallel an ex istin g geologic cross section. 

Line 4 is oriented west-east, and generally parallels geologic cross section L-L ' (fME 2009). This 
line is in close proximity to wells R-I I, R- 12, R-1 3, and R- 13-0. 

Line 7 is oriented west-east, and generally parallels geologic cross secti on K-K' (IME 2009). Thi s 
line is in close proximity to wells R-14S, R-140, R- 8, R-15S, R-ISO, R-16S, R-16D, R-9S, R-90 , R-
17 (boring). 

Line 9 is oriented west-eas t, and generally parallels geologic cross section J-J' (IME 2009). Tlus line 
is in close proximity to wells R-7, R-20, R-2 1, R-S , and R-5D . 

Figure 20 of the HRR report represents a composite of resistive zones identified by the individual HRR 
lines. Laterally and vertically extensive resistive zones may suggest limited potential fo r migration of 
leachate. A relatively higb densi ty of resistive zones is suggested in the n0l1hern part orlhe proposed 
expansion area, although the zones do not appear to be latera lly cont.inuous. A relatively low density of 
resistive zones wi th lim ited lateral continuity is suggested in the southem part of the proposed expansion 
area . Fi gure 2 1 of t.he HRR report represents a composite of conductive zones identified by the individual 
HRR lines. La terally and vert ically extensive conductive zones have the potentia l to provide pathways 
fo r the migra ti on of landfill contaminants. A moderate density of conductive zones is suggested in the 
nortbern part of the proposed expansion area, with the hi ghest densities and some lateral continuity in the 
westem half of the same area. !\ higher density of conductive zones with a relatively significant amount 
of la teral con tinuity is suggested in the southern part of the proposed expansion area . Figures 23 and 24 
of the HRR presents horizontal slices of the inversion re sults for tbe northern and southem pOitions of [he 
proposed expansion area, respectively. In general, higher variabil ity is suggested at shallower depths, and 
the amount of vatiability Jppears to decrease wi th depth. 
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The HRR technology has several limitat ions. In general, resistivi ty surveys are sensitive to variations in 

conducti vity, and minor variations in conductivity near the surface can create significant noise and 
decrease the sen si tivity of the output. 11\ the case of the Sand Draw Landfill, the prevalence of relatively 
dry surface soils (i .e., low conductivity and high resist ivity) across the site has the potential 10 adversely 
impact the results . Furthennore, the report states that "HRR is not effective when discriminating layerin g 
or mult iple discrete bodies that may interfere with one another. To 'help resolve these issues, HRR data 
are inverted with a numerical code to estimate the true re sist ivity of the subsurface." Plots of a discrete 
conductive target suggest that HRR process ing tends to smear the target laterally, and inversion 
processing tends to smear the target veI1ically. In a complex interbedded environment such as the \Vind 
River Formation , wi th subtle lateral and veli ical transitions from clays to silts to sands, the abi li ty ofHRR 
technology to identify discrete or multiple layers is known to be limited. Inversion methods reportedly 
help resolve this issue. Comparison of inversion plots to geologic cross-sections suggests that the vertical 
extent of discrete saturated zones identified on geologic cross sections is not clearly delineated by the 
inversion plots, which is consistent with stated impacts of inversion processing. 

While the HRR technology appears to be capable of generally delineating zones of high resistivity (i.e. 
low conductivity) from zones of low resistivity (i.e. high conductivity), generalized correlations regarding 
the relationship between grain size and moisture levels are made. Various sect ions of the report refer to a 
broad conductive zone that pervades the entire si te at depths as shallow as 10 feet to at least 200 feet 
(Lines 3, 4, 7). Descriptions of specific lines state that the noted broad conductive zone ..... likely 
represents the cumulative effect of the c lay-rich lenses, sand lenses, and their respective levels of 
saturation." It does not appear that the BRR techl1ology is capable of verti cally distingui shing between 
saturated clays that may have relatively low penneabilities and saturated silts or sands that may have 
relatively high pe rmeabilities. Additionally. it is not clear if coarser-grained materials with moisture 
levels that are high but below saturation wou ld be identified as resistive or conductive by the HRR 

technology. If tlu s is the case, the HRR technology may not be capable of eva luating areas that may be 
susceptible to transiXHiation of contaminants via unsaturated flow. 

Due to tl\e apparent inabil ity of the HRR technology to vertically distinguish between interbedded 
conductive clays and coarser-grained materia ls. the noted broad conductive zone could include multiple, 
highly permeable, and interconnected water-bearing silts and sands. Tf this is the case, subsurface 
di sposal of wastes above the noted broad conductive zone could facilitate vertical and lateral migration of 

landfill contaminants. 

Tritium and Isotope Investigation 
Donald T. Siegel, Ph D. , evaluated tritium and oxygen/hydrogen isotope data for samples colJected in 

November 2008 from monitoring wells R-7, R-8 , R- 9D, R-I 0, R-II, R·12, R- I8, and R-20 (Siegel 2009). 
Siegel also evaluated carbon-1 4 data for samples collected in September 2009 from the shop well and 
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monitoring wells R-9D, R- I 2, and R- I 8 (Siegel 2010). The lIit ium activi ty data indicated that the age of 

the groundwater samples was in excess of 50 years. The oxygen isotope ratios for the gToundwater 

samples are notably difTerent than the oxygen isotope ratios for recent precipitation and surface water in 

the area, suggesting that infiltration of precipitation is not currently a significant source of recharge. The 
subsequent carbon-14 data suggest the ages of the groundwater in the shop well and monitoring well R-12 
are in the range of 4,500 to 6)000 years, while the ages of the groundwater in wells R-9D and R-18 are in 
the range of 17,000 to 22,000 years. 

Siegel highlighted the data regardi ng the age of the groundwater, the presence of low-permeability 
siltstones and claystones above the water-bearing sandstones, relatively stable static water level data (with 
respect to precipitation and snowmelt events), and the results of geophysical studies (HOI 2009) as 
si&.Tflificant lines of evidence. In summary, Siegel concluded that the infiltration of precipitation and any 
associated leachate that may be produced H , .• could not plausibly reach the perched water bearing zones 
undemeath, let alone the regional water tahle over 200 feet deep" (Siegel 20 I 0). 

The data eva luated by Siegel generally support a conclusion that the majority of the groundwater below 
the facility is a result of recharge that occurred well before the Sand Draw Landfill began receiving 
wastes. Siegel's conclusions are also supported by the lack of significant surface water features, 
relatively low precipitation rates, and relatively high evapotranspiration rates for areas with an established 
vegetative cover. However, in the course oflandtiU operations, excava60ns are created that can 
accumulate and concentrate precipitation, 'which can rapidly infiltrate wastes and the underlying soils. 
Although some of the accumulated moisture can still be removed by evaporation, the ongoing placement 
of wastes can limi t the effectiveness of this process, Additionally, the lack of established vegetation in 
the active fill areas precludes the removal of accumulated moisture via transpiration. 

The amount of water that may infiltrate wastes and the underlying soil at an unlined active lalldfill in a 
semi-arid envirollment is likely to be relatively smail with respect to the alllount of water applied, and 

unl ikely to be a significant source oi' recharge for groundwater systems. However, there is a growing 
body of evidence from other un lined landfills in the semi-arid western U.S . and \¥yoming which suggest 
that despite the relatively small amount of leachate that is being generated, landfill contaminants are being 
transported to underlying groundwater systems. 1n some cases, landfill gas is suspected of transporting 
contaminants . In other cases, unsaturated flow of pore water appears to be the primary transport 
mechanism. Trihydro is currently working with a number of landfill operators in Wyoming that are 
detecting reportable concentrations of constituents that are commonly associated with landfill gas and 

leachate, including VOCs. One ofTrihydro's clients ope rates an unlined lnndfilliocated in a 
hydrogeologic setting similar to that at the Sand Draw Landfill, but with even lower precipit"tion rates 
(less than 8 inches/year) and significantly greater depths to groundwater (up to 175 feet). Recent 
monitoring data at the referenced facility includes repeated reportable detections of multiple VQCs, one 
of which has exceeded the associated groundwater protection standard. 
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Stat ic Water Leve l Data 
A time-series plot of stat ic water level data from 1994 through 2010 is provided in the 1110St recent 
environmental monitoring report for the facility (INffi 20 lOb). Several observations were noted wiih 
respect to the time-series plot oftlle static water level data: 

The initial data for well R-8 varies from event to event, and may suggest a general decline over the 

period 1995 to 1997. The accuracy and consistency oftbe data for this period may bave been 
affected, in part, by the gauging techn iques and equipment that were reportedly used during tbis 

period. 

The data for well R-8 suggest a notable increase and subsequent decrease in static water levels\ 
beginning in the fall of 1999 and continuillg through the summer 0(2000. The noted increase and 

subsequent decrease is defined by approximately eleven consecutive data points. Subsequent data for 

this well may suggest a long-tenn decreasing trend. 

Small but repetitive annual increases and decreases may be present in the data for \'i'ell R-I o. 

A long-term decreasing trend may be present in the data for well R-12. 

A long-term decreasing trend may be present in the data fo r well R-J8, although notable shOli-tem1 
increases have occurred since the summer of2009. 

Although the static '-vater levels in individual wens are relatively consistent over the period of record, 

significant variabili iy (approximately 140 ft) exists between wells, ranging from a low of 

approximately 5,345 ft-amsl (R-21), to a high of approximately 5,485 ft-amsl (R-S), over a distance 
of approximately 2100 ft. 

One representa tion of the potentiometric surface uses static water level data for most of the existing we lls, 

suggesting either a continuous or interconnected groundwater system across the existing landfill operation 

and the proposed expansion arca (lME 2010b). The noted representation of the polentiometnc s ll1face 
includes an apparent southwest-northeast trending moun d in the nonhern ponion of the proposed 

expansion area, although an explanat ion regarding a potential recharge source is not provided. It -is noted 

that the static water level data for well R-1 9, which is located on the east side of the existing facil ity, has 
not been used to prepare the representation of the potentiometric surface for the facility. The reported 

static water level in R-1 9 is at least 50 feet higher than the projection of the potentiometric sUlface in this 
portion of the facility. However, the reported static water level data for R-19 may be representative of 

water accumulated in the \·vel l cap, and not representative of the static water level of groundwater. Plans 

are reportedly underway to install a deeper monitoring weU in the vicinity of R-19, with a screened 
interval that intersects the projection of the potentiometric surface (WDEQ 2010). 
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Major Ion Chemistry 
Analytical data for a limited number of sampling events is avai lable for the site. Trihydro prepared Piper 
plots of the cation and anion compositions (as percentages) for the January 2010 monitOling event (IME 
201 Ob), which included wells R-9D, R- 13D, R-IS, R-20, R-21, and R-22. Piper plots fo r individual wells 
and all six wells are provided (Figures 3 though 9). The intersection oflines extended from the two 
sample points on the triangles to the central parallelogram gives a point that represents the major ion 
composition on a percentage basis. These plots are useful for visually describing the differences in major 
iOll chemistry of groundwater systems, the associated hydrochemical facies, and data lTends. 

Figure 9, which contains plots for all the wells, indicates tha t the chemistry of wells R-18 (designated as a 
background well) and R-9D (designated as a down-gradient well, but may be hydraulically up-gradient of 
an existing portion of the active area) are similar and dominated by calcium cations and bicarbonate 
anions. The plots of the other down-gradient well data (R-13D, R-20, R-21, and R-22) suggest 
hydrochemical facies changes to lower concentrations of calcium cations and higher concentrations of 
sodium and potassium cations. The plots also suggest hydrochemical facies changes to lower 
concentrations of bicarbonate anions, and higher concentrations of chloride and fluoride anions. The 
distinct linearity of the noted hydrochemical facies changes may suggest a continuum across an 
intercorulected groundwater system. If some degree of hydraulic connection exists between [he up­
gradient and down-gradient wells, the noted hydrochelUlcal facies changes may be due to changes in the 
mineralogy of the water-bearing zones, or potential migration of landfill contaminants. In no hydraulic 
connection exists between the up-gradient and down-gradient wells, the noted hydrochemical facies 
change may be attributable to differences in the mineralogies of the water-bearing zones. 

The limited number of sampling events precludes meaningful statistical analysis of the analytical data. 
As additional data becomes available, intrawelllrend analysis of both up-gradient and down-gradient 
wells may help detemline if there is evidence of ongoing changes in water quali ty. which would be 
counter-intuitive to the hypothesis of several investigatoTs which suggest that the groundwater below the 
site is relat'ively old, isolated, and not influenced by the current landfill operations. Other types of 
graphical and stati stical analysis may be helpful in defining similarities and differences in water quality 
between some monitoring \"o'elJs. 

Statutory and Regulatory Considerations 
The following citations are provided to characterize the statutory and regulatory conlcx[ in which this 
facility is regulated. 

The Wyoming Environmental Quality Act (EQA) is codified in Titl e 35 , Chapter It of Wyoming Statutes 
(W.S.). The following definitions are contained in W.S. 35-11-1 03(c): 
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(i) "Pollution" means contamination or other alteration of the physical, chemical or biolo gical 
properties of any waters of the state, including change in temperature, taste, color, turbidity or odor of 
the waters or any discharge of any acid or toxic material, chemical or cllemical compound, v"hether it 
be liquid, gaseous, solid, radioactive or other substance. including wastes, into any waters of the state 
wh ich creates a nuisance or renders any waters hannful, detrimental or injutious to public health, 
safety or welfare, to domestic, commercial, industrial, agricultural, recreational or other legitimate 
beneficia l uses, or to livestock, wildlife or aquatic life, or which degrades the water for its intended 
use, or adversely affects the environment. This tenn does not mean water, gas or other material which 
is injected into a well to facilitate production of oil, or gas or water, detived in association with oi l or 
gas production and disposed of in a well, if the well used either to facilitate production or for disposal 
purposes is approved by authority of the state, and if the state determines that such injection or 
disposal well will not result in the degradation of ground or smface or water resources . 

(vi) "\Vaters of the state" means all surface and groundwater, including waters associated with 
wetlands, within \\1yoming. 

Chapter 8 of the Wyoming Water Quality Rules and Regulations (WQRR) identifies quality standards for 
Wyoming groundwater. Chapter 8, Section 2 of the WQRR provides the definitions to supplement those 
definit ions contained in W.s. 35-11-103 of the EQA, including: 

(a) "Aquifer" means a zone, stratum or group of stra ta. 

That can store and transmit water in sufficient quantities for a specific use. 

(f) "Groundwater" means subsurface water that fills available openings in rock or soil materials such 
that they may be considered water saturated under hydrostatic Pressure. 

(g) uGrowldwaters of the State" are all bodies or underground water which are wholly or partially 
within the boundaries of the State; Groundwaters of the State is synonymous with Groundwatcrs of 
\:Vyoming. 

(t) "Underground Water" means subsurface water, \Ivhich is any body of water under the surface of the 
eatih, including water in lhe vadose zone and ground\,'ater. 

(u) "Vadose Zone" means the unsaturated zone in the earth, between the land surface and the top of 
the first saturated aquifer which is not a perched water aquifer. The vadose zone characteristically 
contains liquid water under Jess than atmosphetic pressure, and water vapor and air or other gases at 
atmospheric pressure. Perched water bodies exist within the vadose zone. 

Chapter 8, Section 3 of the "\VQRR provides the following standards regarding protection of underground 
water: 
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(a) All waters, including groundv.laters of the State, within the boundaries of the Slate of \Vyoming 
are the property of the State; and control of the beneficial use of waters of the State resides with the 
Wyoming State Engineer. 

(c) Protection shall be afforded all underground water bodies (including water in the vadose zone). 
Water being used for a purpose identified in W .S. 35-11-J 02 and I 03(c)(i) shall be protected for its 
intended use and uses for which it is Suitable. Water not being pu t to use shall be protected for all 
uses for which it is suitable. 

Chapter I, Sectionl(c) of the Wyoming Solid Waste Rules and Regula tions (SWRR): 

(i) For the purpose of these rules and regulations, unless the context othenvise requires: 

"Aquifer" means a geologic fonnation, group of fonnations, or portio n of a formation capable of 
yielding significant quantities of groundwater to wells or springs. 

"Groundwater" means water below the land surface in a saturated zone of soil or rock. 

"Release" includes, but is not limited to, any spill ing, leaking, pumping, pouring, emptying, 
emi tt ing, discharging, dumping, additioll, escaping, leaching, or unauthorized disposal of any oil 
or hazardous substance which enters, or threatens to enter, waters of the state, 

"Vadose zone" means the unsaturated zone between the land surface and the water table. 

Chapter 2, Section 4(j)(i) oCthe Wyoming SWRR outlines the conditions under which operators of 
sanitary landfills may be exempted from the requirement to construct new landfill cells and horizontal 
expansions of existing cells V'/ilh engineered containment systems. These conditions include: 

(A) Na tive soils underlying the landfill are sufficien tly impenneable to prevent potential 
contamination of groundwater through operation of the facility; and 

(B) Waste types or operating practices minimize the potential for contamination of underlying soils 
and/or ground\vater; and 

(C) Site hydrologic conditions are sufficient to protect ground\vater from contamination; and 

(D) The facility receives Icss than 500 short tons of unprocessed household refuse or mixed 
household and industrial refuse per operating day, all a monthly average. Containment sy~tel1ls at 
these facilities shall include leachate collection and lcak detection systems. 

Co n c lusions and Re comm e nd atio ns 

Based on review of the inve~tigations, statutes, and regulations summarized above, Trihydro offers the 
following conclusions for consideration by the Board of tbe FCSWDD: 
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Previous investigations describe the shallow water-bearing zone(s) intersected by the monitoring well 

network as "isolated," ·'compartmenta lized." Ilperched," and not part of the deeper "regional aquifer." 

Some of the existing da ta suggest that monitoring wells at the facility may not penetrate a single, 

well-defined, laterally conti nuous aquifer that is capable of yielding significant quantities of 

groundwater. However, even tbough existing data may not be sufficient to definitely infer a 

hydrologic connection between all wells, some of the static water level data, major ion data, lithologic 

logs, and geophysical data suggest some degree of hydrologic cOllnection in portions of the facility, 

It is a lso w01th noting the descriptions of the water-bearing zone(s) provided by previous 
investigations do not provide a basis for concluding that the st:Hutory and regulatory provisions 

regarding protection of "waters of the state" arc any less relevant. The shallow water-beating zone(s) 

below this site meet the statutory de·finition of "waters of the state'), and are therefore subject to the 

same sta tutory and regulatory protec tions provided to la rge regional aquifers that nrc being used 
beneficially. Cunent provjsions of Chapter 2 of the \Vyoming S,VRR provide some consideration 

other factors (e.g., the potential for future use of the groundwater, hydraulic connections to regional 
aquifers, and technical impracticability) during the conective action process, but such considerations 

are no t cunently available when evaluating the design and anticipated perfonnancc of the facil ity 
with respect to protecting waters of the state. 

The site is underlain by various seque-nces of interbedded claystones, siltstones, and sandstones, some 

of which contain groundwater at relatively shallow depths relative the base of existing waste disposal 
units. Previous regional and local subsurface inves t igations confim1 both vertical and lateral 

vatiability in the subsurface lithology, as well as tbe occurrence of groundwater. Although some 

subsutface lirhologies may limit the migration of landfill contaminants, the documented vertical and 

lateral variability in the subsurface li thologies has the potential to provide pathways for both landfill 
gas and leachate. In consideration of the above, it appears unlikely that further substllface 

investigation will be successful in demonstrating that native soils and hydrologic conditions are 

sufficjent to protect groundwater from contamination (reference Wyoming SWRR Chapter 2, Section 
4(j)(i)(A) and (e)). 

Based on a review of the investigations, statutes, and regulations summarized above, and the associated 
conclusions, Tl;hydro offers the following recommendations for consideration by the Board of the 

FCSWDD: 

Although the subsurface conditions provide some level of protection for groundwater, and the 

gTotmdwater system(s) has no obvious practical use a t this time, disposal of waste in unlined cells has 

the potential to impact waters of the st~\le. Therefore, consideration should be given to the use of 

engineered containments systems in the design of disposal units that are constructed in the proposed 

expansion area. 

The \VDEQ/SH\VD has indicated that ongoing wasle disposal activities in the SO-a cre parcel may 

continue without the utilization of an engineered co ntainment system . It is poss ib1e that at some pOlnt 
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in the next 30 years, additional groundwater moni toring da ta or analysis may suggest that the quality 

of the groundwater below the exi sting landfi ll operation is decreasing, or applicable groundwater 
protection standards are being exceeded. In the event Ulat this happens, considera tion should be g iven 

to capping existing Vlaste disposa 1 areas (to limit the inti ltration of precipitation that ma y generate 
leachate or landfill gas), and moving to the proposed expansion area, as disc ussed above . T he 

ongoing collection and ana lysis of groundwater monitoring and landfi ll gas data is recommended 

because they have the potential to identify the emergence of such a scenario . However, the 

developm ent and occurrence of a significant release cannot always be anticipated, and can de'\;elop 

relatively quickly. It may be prudent, therefore, to d evelop conceptua l design plans for som e portion 
of the proposed expansion area, and begin the process of securing the financ ial resources to comple te 

the design and construction of the firs t lined ce l1. 

¥lith the exception of the existing plans to install a deeper monitoring well in the vici.ni ty of well 

R-19, furt]lcr characteril.ation and expansion of the existing groundwater monitoring network for the 
80 acres that are currently receiving wast~s ooes not appea·r to be a crit ical or eminent need. The 

ex isting monitoring wells provide a basic network that is capable of providing both up-gradiem and 
dQ\vn-gradient da ta at rebrular intervals around the perimeter of the facility . .In the event tha t 

monitoring data identifies statistically sign ifkant increasing trends or exceedances of groundwater 

protection standards, additional s ubsurface investigation and expansion of the monitoring network 

may be warranted. Trihydro offers a similar recommendation regarding the adequacy of the existing 

b,Tfoundwater monitoring network for the proposed expansion area, under the assumption that it w ill be 

developed with an engineered containment system. 

An original, two copi es, and an electron ic vers ion oftbi s report are being transmitted at this time. At your 

cOllvenience, you may contact me at (307) 332-5280 or kschreuder(rouihydro.com to schedule a summalY 
presentation to (he FCS\VDD Board, at which time r will be available to respond to questions and 

comments. Trihydro appreciates the opport.unity to assist the FCS\VDD with this matter. 

Sincerely, 
Trihydro Corporation 

/ .... '..--; 

( /-
, ( 

\ ,"'-' ... --.. . ~.. ~ /" ..... .. ~- .... 

Ken Schreuder, P,E, & p,o, 
Senior Engineer/Geologist 

09Y -001-001 

El1c losures 



References 

HydroGEO PHYSICS, Inc. 2009. High Resolution Resistivity Characterization of the Sand Draw 
Landfill Fremont County, Wyoming. RPT-2007-013, Rev. 3. Tucson, AZ. January 3 1, 2009. 

Tnberg-Miller Engineers . 2005. Subsurface Exploration and Groundwater Study Sand Draw SAN # 1 
Landfill. Job No. 1774 -R.E. Riverton, WY. March 3 1, 2005. 

Inberg-Miller Engineers. 2009. Subsurface Investigation Report Sand Draw Landfill WDEQ-SHW D 
# 10.1 95 Fremont County, Wyoming. Job No. I 774-RX. Riverton, WY. Jnly IS, 2009. 

Inberg-Miller Engineers. 2010a. 2010 Renewal Pennit Application Prepared For Sand Draw SAN II I 
Landfill SHWD File #1 0.195. Project No. 1774-RE. Riverton, WY. January 8, 20 I O. 

Inberg-Miller Engineers. 2010b . Qualt erly Environmental Monitoring Report First Quarter/January 20 I 0 

Sampling Event Sand Draw San# 1 Landfi ll WDEQ-S HWD #10. 195. Job No. I774-RW. 
Riverton , WY. March 19,20 10. 

Plafcan, Maria, Cheryl A. Eddy-Miller, George F. Ritz, and John P.R. Holland I!. 1995 . Waler 
Resources of Fremont County, Wyom ing. U .S. Geological Survey \Vater-Resources 
Investigations Report 95-4095. Cheyerme, Wyoming. 

Siegel. Donald I. 2009. Compartmentalization of Ground Water at the Sand Draw #2 Landfill Site: 
Assessing Independent and Multidisciplina ry Approaches. Syracuse, NY. September 8, 2009. 

Siegel, Donald 1 20 10. Correspondence to Fremont Coun ty Solid Waste Disposal District. Syracuse, 
NY. March 24, 2010. 

U.S. Department of Agriculture. 198 1. Soil Survey of f remont County, Wyoming East Part and Dubois 
Area. Soil Conservation Service. 

Westem Regional Climate Cenler. 1977. Period of Record Monthly Climate Summary. NOAA Station 
ID 487980. Peliod of Record 8/1/1948 to 113111977. Available at: http://w\Vw.wrcc.dri.edulcgi­
bin lcliMAIN.pl?wy7980. Downloaded: May 19,2010. 

Whitcomb, Harold A. , and Marlin E. Lowry. 1968. Ground-Water Resources and Geology of the Wind 
River Basin Area, Cem ral \Vyoming. Hydrologic .I nvestigations Atlas HA-270. U.S. Geological 
Survey. 

\Vyaming Department of Environmental Quality. 2010 . Personal communicat ion with Patrick Troxel, 

District Supervi sor, Sol id and Hazardous \Vaste Division, Solid \Yaste Permitting and Con-ective 
Action Program. May 20 I O. 



FIGUR ES 



.J'-

I 

~. 

I 

-', 

~, .~ 

,,' 
., ~-

l· ,"lI\:, 

OUII(IRAIJ(H~ L.OCATI(JN 
---- -----.-- .. _-,-------_._---

, 

',.- :'''-~' " '~.., --. 
I'" 

I 

" \ 
\ 

\ 
\ 

" [:< 
\ J 

... ,\ '"" 

~'" 

I. 

\ 
, ',' 

/ 

't~ , I 
" ... I I 

J:.'_>iP'LAtIAJI.QJJ '''''---'-'"' 1 
I 



r--'--

I ~ 

I 

i 

., . 

- ---- -----.-

~ . . ~ .. ::..;;::-.;. 
" .. ' , ~ 

\ . < , • 
'. 

EXPLAN..\TIOtJ 

. '" f. •• " ,1· , .... '.\" 1, ... ~ ,1:1 :!., h A 

N.n ~\,.;",.", .. 

" 1 ,(. , 

'. 

-' 



CATIONS 
Ca = 170. mgtl 
"'g = B.S mg/l 
Na = 370. mgtl 
K:2.6 mg tl 

., 

FIGURE 3. R·9D PIPER PLOT (JANUARY 2010 EVENT) 
SAND DRAW LANDFILL, FREMONT COUNTY WY 

R·90 
TDS = 1,900. mg,1 

/ 

/\ 
/ \ 

/ \ 
/ 

ANIONS 
HC03 = 570. mgn 
C03=0. mgil 
CI = 34. mg/l 
S04 = 780. mgIJ 
F = 0.4 mg/l 

o L-__________ ~~ ____ ~ L-______________ ~ 

100 80 60 40 20 o o 20 40 60 80 100 

CalcIum {cal Chlorld~{Cll + Fluoride (F) 

H ;\ProjeC!s\f"rsmonIClySWDOIProjoctDOCl1mems\SandDr.l'wlandli!I\TochA~istance\Reports\2m005_SD_PiparPloIRev 



CATIONS 
Ca = 66. mg/I 
Mg = 2.3 mgl l 
N. = 680. mg/I 
K = 2.8 mg/I 

FIGURE 4. R·13D PIPER PLOT (JANUARY 201 0 EVENT) 
SAND DRAW LANDFILL, FREMONT COUNTY WY 

R·13D 
TDS = 2,400. mgn 

ANIONS 
HeDl = 75. mgn 
C03. o. mgn 
CI . 11. mgn 
S04 = 1,600. mgl l 
F=1.3mgn 

~L-__________________ ~~ o 
~--------------~ 

100 80 60 40 20 o o 20 40 60 80 'DO 

Calcium (ea) Chlorlde- (e !} ... Fluoride (F) 

H:\Projeds\FremonICrySWOD\Pfoje<:lDocumenls\SanoDI3wLandtiU\T e<:hAssistance\Ae?Ol1s\20100S_S0_PiperPIOIRev 



CATIONS 
Ca=110,mg/l 
Mg -= 7. mgtl 
Na = 250. mgn 
K=2.7mgn 

FIGURE 5. R·18 PIPER PLOT (JANUARY 2010 EVENT) 
SAND DRAW LANDFILL, FREMONT COUNTY WY 

R·1 8 
TDS = 1,300. mgn 

/ 
/ 

/ 

~ 
/ \ 

/ \ 
/ 

ANIONS 
HC03 = 210. mgn 
C03=0. mgn 
CI = 14. mgn 
504 = 670. mg/I 
F =0.5 mgll 

0 L-______________ ~ ______ ~ L-__________________ ~O 

100 80 60 40 20 o o 20 40 60 B() 100 

Calcium (Cca) Chloride (el) ... Fluoriae (f ) 

H:\Projec\s\FremonIClySWOO\ProjccIDocumcnts\Sol"ldDrawLandfill\TechAssistanca'IReponsI20100S_SD_PiperPloIRev 



CATIONS 
Ca = 380. mgfl 
Mg = 34. mgl l 
Na .1,700. mgll 
K.7.1 mgl l 

tOO 80 60 

FIGURE 6. R-20 PIPER PLOT (JANUARY 2010 EVENT) 
SAND DRAW LANDFILL, FREMONT COUNTY WY 

R-20 
TDS . 6,800. mg~ 

ANIONS 
HCOl: 160. mgll 
C03 = O. mgtl 
CI.17. mgtl 
S04 = 4,500. mgtl 
F=O.7mgn 

o 
~--------------~ 

40 20 o o 20 40 60 80 100 

calcium (e a) Chloride (el) + Fluorid e (F) 

H:\ProjeCls\FremonICII'SWDQ\Projec!Oocuments\SandDrawLandfill\TechAssislance\ReporlS\201005_SD_PiperPloIRev 



CATIONS 
Ca = 21 . mg/l 
"'g= 0.7mg/l 
Na = 520. mg/l 
K =3. mgn 

FIGURE 7. R·21 PIPER PLOT (JANUARY 2010 EVENT) 
SAND DRAW LANDFILL, FREMONT COUNTY WY 

R·21 
TDS ; 1,700. mgn 

ANIONS 
HC03 = 160. mgn 
COhO. mgn 
CI = 13. mgn 
S04 = 990. mgn 
F = 1.2 mg/l 

~L-____________________ ~ L-______________________ ~O 

100 80 60 40 20 o o 20 40 60 80 100 

calcium (ea) Chlorkfe (CI) + Fluoride (F) 

H:\Projecls\FremootClySWOD\ProjocIDocuments\SandDrawLandfil1\TochAssistanr.e\p.epartli\2Q\OOS_SD]lperPlotRev 



CATIONS 
Ca =£3. mgtl 
Mg = 2. mg/l 
Na = 840. mg/l 
K = 3.2 mg/l 

FIGURE 8. R·22 PIPER PLOT (JANUARY 2010 EVEN'!) 
SAND DRAW LANDFILL, FREMONT COUNTY WY 

R·22 
TDS = 3,000. mgn 

ANIONS 
HC03 = 350. mg/l 
C03 = O. mg/l 
CI = 19. mgtl 
$04 = 1,700. mgtl 
F = 0.4 mgtl 

~ L-____________________ ~~ L-______________ ~ o 

100 80 60 40 20 o o 20 60 BO 100 

Calc ium {Cal Chlorh:lo (el) . Fluorldo (F) 

H:\Projects\FremonICtySWDD\ProjectDo~lJments\SandDra\vLam:lfil1\T&chASsiSlance\RePOr1s\201005_SD~P lperP\OtRev 



CATIONS 
Ca =110_ mgn 
Mg=7. mg~ 
Na= 250_ mgn 
K = 2_7 mg/l 

100 so 60 

FIGURE 9. R-90, R-13D, R-18, R-20, R-21 , AND R-n PIPER PLOT 
(JANUARY 2010 EVENT) 

40 

SAND DRAW LANDFILL, FREMONT COUNTY WY 
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R-18 
TOS = 1 ,300. mg~ 

/ 
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o 20 40 60 

ANIONS 
HC03 = 210. mgn 
C03.0.mg/l 
CI = 14_ mg/l 
S04 = 670_ mgn 
F=0.5mgn 

o 

80 100 

~1c:!um{Ca) 
Chloride (ell + Fluoridll (F) 
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Re: Fremont County Sand Draw Landfill Page 2 of3 

On 3/3 1111 6:58 PM, "Ken Schreuder" <kschreuder@trihyclro.com> wrote: 
Dr. Siegel ... Trihydro referenced the infoonalion you previously provided regarding the work you've done at 
the Sand Draw Landfill in the pernlit appl ication that was recently submitted to WDEQ. Copies ofthe 
information referenced are attached. WDEQ has raised a concern that the referenced work was not stamped by a 
Wyoming-licensed PE or PG, so they want us to either stamp it or remove it. I have no reason to question the 
validity of the laboratory data, but it was clearly not prepared by me or under my direct supervision, so I am 
reluctant to stamp it. 

I am not sure if you are licensed as a PE or PG in Wyoming, but I would like to ta lk to you about tIils matter 
further. I am hoping that you can provide a sampling and analysis plan, chain-of-custody, QNQC repo11, or any 
other supporting documentation to convince the WDEQ tbat the data is valid and can be used to interpret the 
hydrogeology of the site. 

I would appreciate it if you could contact me by phone at your earliest convenience. Thank you in advance for 
your time. 

Ke n Schreudcr, P.E., P.G. 
Senior Engineer I Gcologist 

~ 

"fJj-

T~i,~,~ro 
OUR SAFETY IS MY RESPONSIDlLITY 
350 Garfield St, Solar Suite 
Lander, WY 82520 
307/332-5280 (phone) 
307/330-7737 (mobile) 
3071332-4t 77 (fax) 
ksc hrc lIdcr(iv triil vcl ro,CeJ!ll <n1(\ i Ito: kschrcudcr{rutrihvdro.com> 
www. tri!lvuro.com <hnp:ll\vww. trihydro.coln> <11ttn:/lwww.trihvdro ,com> <http://www.trillvdro.(..oml> 

CON fIDENT IA L INFORMATION: This electronic messnge is intr:ndcd only for the use ortlle person or entity to which it is addressed and may contain illfomlution thnt is 
privileged and confident ial. the disclosure of which is govcmed by ~pplicablc law. [rth~ Tl!:Ider of th is mcssngc is not the intended recipient. or the cmployte or <I!;cnl responsible 
for delivering it to the iJ1lended recipient. yOIl are hereby notified (hal Jlly dissemination, distribution or copying of this information is STRICTLY PROHI!31TED. If you have 
received this message in error, please immediately notify Ule sClider by either email or telephone. Please destroy the related message. ·111allk you for your cooperation. 

Donald Siegel 
Laura J. and L. Douglas Meredith Professor 
3 J 5-443-3607 

Donald Siegel 
Laura J. and L. Douglas Meredith Professor 
315-443-3607 

Donald Siegel 

10/30/201 1 
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Re: Fremont County Sand Draw Landfi ll 

Laura J. and L. Douglas Meredith Professor 
315-443-3607 
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