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ExxonMobil Exploration Company 

RD&D Lease Plan of Development  

 

The ExxonMobil Exploration Company (ExxonMobil) entered into an Oil Shale Research, Development 

and Demonstration (RD&D) lease (COC 74300 & COC 74300-01) with the U.S. Bureau of Land 

Management (BLM) on November 8, 2012. The lease grants ExxonMobil the exclusive right and 

privilege to drill, mine, extract, remove, beneficiate, concentrate, process and dispose of the oil shale and 

the products of oil shale contained within the leased lands as proposed in ExxonMobil’s response to the 

Federal Register Notice of November 18, 2008. The lease permits ExxonMobil to construct and operate 

oil shale testing operations on a 155.8-acre tract of land comprising the northeast quarter of Section 34, 

Township 1 South, Range 98 West, in the 6th Principle Meridian in Rio Blanco County, Colorado (herein 

referred to as the “ExxonMobil Site”). The lease provides for potential conversion to a commercial lease 

to include any or all portions of ExxonMobil’s preference lease (COC 74300-01) area containing an 

additional 476.3 acres, more or less, comprised of Lots 3, 4, 5, and 6 (northwest quarter) and the south 

half of said Section 34. The lease specifies the criteria for conversion to a commercial lease which 

includes production of oil shale in commercial quantities. Commercial quantities with respect to oil shale 

RD&D leases are defined by BLM in part as the production of oil shale in accordance with the approved 

Plan of Development (POD) for the proposed project.   

As discussed in the Plan of Operations (POO), the project operations will be completed in separate 

phases, including an Appraisal Phase and three Experimental Phases (Phase I, II and III). The Appraisal 

Phase consists of initial operations that focus on (1) the permitting and design required to support initial 

site construction activities, (2) construction of site access roads and the well pad to be used for the 

baseline monitoring program, (3) installation of exploration/appraisal groundwater monitoring wells, and 

(4) initiation of the baseline surface water and groundwater monitoring program. Appraisal of the 

geologic parameters (e.g., depth and composition of oil shale formation and in situ stress state) on the 

lease is required before detailed planning of the Experimental Phases can be advanced.  The baseline 

surface water and groundwater monitoring program initiated during the Appraisal Phase will establish 

background water chemistry at the ExxonMobil Site and in Yellow Creek, which is downgradient of said 

site and will be based on at least five quarters of monitoring. There will be no in situ heating during the 
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Appraisal Phase that could potentially liberate shale oil prior to completion of the baseline surface water 

and groundwater monitoring program.  

The Experimental Phases of the RD&D Plan of Development will be more rigorously defined and the 

RD&D Plan of Development will be updated after the Appraisal Phase is completed. The Experimental 

Phases of development will notionally include a series of incrementally extended research experiments, 

with each phase defined subsequent to and based on learnings from prior phases.  The scope and scale of 

the Experimental Phases is not expected to exceed the notional plan that was described in the Plan of 

Operations, upon which the Environmental Assessment was based.  Three notional Experimental Phases 

were described in the Plan of Operations:  Phase I operations is intended to establish in situ 

constructability of ExxonMobil’s oil shale technology within the target oil shale test zone. During Phase 

II, this system will be energized to heat oil shale within the target zone. Results of Phase II operations will 

be used to guide development and implementation of a Phase III pilot test which may assess commercial 

viability of the in situ technology on a field scale.  

ExxonMobil has prepared this POD in accordance with Section 9 of the lease to describe the proposed 

exploration, testing, and development operations that may be conducted on the lease tract to support the 

oil shale RD&D project. The content and order of the information presented in the POD is consistent with 

the requirements specified in Section 9 of the lease to ensure compliance with the POD requirements and 

to facilitate BLM review.  
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1 Names, addresses, and telephone numbers of those responsible for 

operations to be conducted under the approved plan to whom notices 

and orders are to be delivered, names and addresses of lessees, Federal 

lease serial numbers and names and addresses of surface and mineral 

owners of record, if other than the United States 

ExxonMobil’s contact representative for the conduct of operations on the research, development, and 

demonstration (RD&D) lease is: 

Glen Murdock 
Commercial Advisor 
ExxonMobil Exploration Company 
233 Benmar 
Houston, Texas 77060-3105  
(281) 654-5636 
BLM Serial No:  COC 074300 & COC 074300-01 

Land ownership and surface management of Section 34 (NE/4) T1S, R98W, RD&D lease tract are 

managed by the Bureau of Land Management (BLM). This acreage overlaps an existing oil and gas lease 

administered by the BLM. 

Oil and Gas Leases and Holder: 
Williams Production RMT Co. (Operator-51% Working Interest)     
1515 Arapahoe Street,          
Tower 3, Suite 1000         
Denver, CO 80202   
Phone No. 303-572-3900 
BLM Serial No:  COC 60735 (1,209.950 acres) & BLM Serial No:  COC 62052 (914.220 acres) 

 
Exxon Mobil Corporation (Non-Operator- 49% Working Interest) 
c/o XTO Energy Inc. 
810 Houston Street 
Fort Worth, TX 76102 
Phone No. 817-885-3411 
BLM Serial No:  COC 60735 & BLM Serial No:  COC 62052 
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2 A general description of geologic conditions and mineral resources, with 

appropriate maps, within the area where mining is to be conducted 

Geologic and Hydrologic Conditions 

Geologic Setting and Estimation of Resources 

The RD&D lease tract is located within the Piceance Basin in northwestern Colorado. Figure 2-1 

illustrates the location of the RD&D lease and the local topography. The Piceance Basin is a large 

northwest trending, asymmetric, intermontane basin that formed during the Late Cretaceous and Early 

Tertiary time (Pittman 1982). During Eocene time this basin became part of a series of lake basins that 

accumulated lacustrine, deltaic, and fluvial sediments of the Green River Formation.  The Piceance Basin 

is underlain by thousands of feet of sedimentary rock ranging in age from Precambrian through the 

Tertiary period. It has been estimated that approximately 25,600 feet of Paleozoic and Mesozoic 

sedimentary strata overlie the Precambrian basement rocks near the Grand Hogback on the east side of the 

basin (Maclachlan and Welder 1987). The Uinta Formation and Green River Formation, deposited in the 

basin during its formation are estimated to be 3,000 feet thick (Pittman, 1982). 

Figure 2-2 shows the subsurface geology and structure in the basin. Generally, rock units dip towards the 

center of the basin and outcrop on the basin’s perimeter. Dip angles are very steep on the east side of the 

basin adjacent to the Hogback Anticline and generally lower along the remaining margins.  

The Green River Formation within the basin contains significant oil shale, nahcolite, and dawsonite 

resources. Nahcolite is a naturally occurring mineral consisting of sodium bicarbonate (baking soda). It 

has the mineral formula NaHCO3. Dawsonite (NaAl[OH]2CO3) is an aluminum, sodium bicarbonate 

mineral that could be mined as a source of aluminum.  

The Piceance Basin holds the greatest volume of oil shale deposits in Colorado. The relevant units for oil 

shale development include the Green River Formation and its Members (late early Eocene to late middle 

Eocene) and the overlying Uinta Formation (late middle and late Eocene age). A type stratigraphic section 

of the Green River and Uinta Formation sections on the RD&D lease tract and preference lease area is 

provided in Figure 2-3. 

Oil shale occurs primarily in dolomitic marlstones within the Parachute Creek Member of the Green 

River Formation. Such marlstones may contain up to 50% total organic carbon (TOC). The majority of 

the organic material is derived from algae. Fischer Assay (FA) values of over 100 gallons per ton of rock 
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are known but most values appear to be from 10 to 40 gallons per ton. Oil shale also occurs within the 

underlying Garden Gulch Member of the Green River Formation. Oil shale in the lower Garden Gulch 

consists of kerogenous mudstone or claystone beds whereas the upper Garden Gulch may consist more of 

kerogenous carbonate marl beds (Pittman 1982). 

The USGS estimates the oil shale resource in this basin to be approximately 1.5 trillion barrels of oil in 

place (Johnson, et al., 2009), based on FA of the oil shale. The nahcolite resource is also considerable, 

with approximately 43 billion short tons of nahcolite in place (Brownfield et al., 2009). The dawsonite 

resource is estimated to be 19 billion short tons (Beard et al., 1974).  

For further information on the geologic setting of the Piceance Basin, see Murray and Haun (1974), 

MacLachlan and Welder (1987), Hail (1992), and Pittman (1982). 
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Figure 2-1: Topographic map of the Piceance Creek Basin, showing the location of the ExxonMobil 
RD&D lease (red square). Lease is located on a broad ridge between Ryan Gulch and Yellow 
Creek. 
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Figure 2-2 shows the asymmetry of the basin and the synclinal structure and depicts the relationship 

between the Green River Formation and the deeper gas-bearing Mesaverde Group. 

Stratigraphy and Structure 

No subsurface oil shale exploration has been conducted on the RD&D lease and therefore detailed 

knowledge of the underlying geology is not known. One gas well was constructed on the lease by WPX 

Energy Rocky Mountain LLC (Federal RGU 31-34-198) in 2008. Oil and gas exploration and 

development has supplemented knowledge of subsurface geology in the basin, especially at depths 

exceeding 10,000 feet. In addition, an abundance of geologic research has been conducted in the basin 

associated with general investigations and oil shale exploration and assessments.  

The generalized stratigraphy of the RD&D lease is provided in Figure 2-3. This figure is derived from a 

well located approximately 1700 feet east of the northeast corner of the RD&D lease tract. The Uinta 

Formation is exposed in locations without soil cover on the lease. The rich and lean units of the Parachute 

Creek Member are present, as is the Garden Gulch Member of the Green River Formation. 

Figure 2-2: Cross section from west to east across the north-central portion of the 
Piceance Creek Basin. 
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The Uinta Formation is the rock unit at the surface within the RD&D lease tract and preference lease area. 

Uinta Formation outcrop on the site is limited to small scattered exposures and ledges, mostly in small 

ephemeral gullies or washes. These outcrops are composed of fractured concretionary sandstone, mostly 

of fine-grained texture. Generally, the Uinta Formation is composed of interbedded sandstone and shales 

and is approximately 1,250 feet thick in the lease tract area. The lower portion of the Uinta Formation 

sandstones and shales are interbedded with the dolostones and shales of the upper portion of the Green 

River Formation (Hail and Smith, 1994). Portions of the Uinta Formation are water bearing and form part 

of the upper aquifer unit in the basin (Weeks et al., 1974, and Saulnier and Robson, 1981). 

Mapping conducted by the USGS (Hail and Smith, 1994) indicates the RD&D site is underlain by Group 

C tongues of the Uinta and Green River Formations, which may include as many as three tongues of the 

Uinta and Green River Formations that form a transition to the Parachute Creek Member. The Black 

Sulphur and Thirteen Mile tongues of the Green River Formation occur at the top and base of this group. 

The Green River tongues consist of light-gray to white silty marlstone, small amounts of limestone, and 

sandstone, siltstone and claystone; some thin beds of oil shale are present in the southern part of the 

outcrop area (Hail and Smith 1994).  

The Parachute Creek Member of the Green River Formation is the key oil shale resource on the RD&D 

lease. It consists of alternating rich and lean oil shale units. Based on USGS assay well (C0134, Getty Oil 

Company 18-15) located near the RD&D lease, the Parachute Creek member is approximately 1,500 feet 

thick. It is composed primarily of organic rich dolostones with minor amounts of shale, sandstone, and, in 

the lower parts, evaporites. The estimated thickness of the rich (R) and lean (L) zones as first defined by 

Cashion and Donnell (1972) are shown in Table 2-1. These depth estimates are based on data from 25 

coreholes drilled by various companies in the surrounding area. The data were collected and archived by 

the USGS and published (Dyni, 1998). 
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Table 2-1: Estimated Depth and Thickness of Rich and Lean Zones 

Unit 
Top MD 
(ft) 

Thickness 
(ft) 

A Groove 1283 25 

Mahogany 1308 177 

B-Groove 1485 14 

R6 1499 173 

L5 1672 140 

R5 1812 356 

L4 2168 182 

R4 2350 156 

L3 2506 38 

R3 2544 141 

L2 2685 50 

R2 2735 81 

L1 2816 50 

R1 2866 99 

L0 2965 17 

R0 2982 125 
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Figure 2-3: Stratigraphic section for the RD&D lease tract based upon stratigraphy and aquifer 
zones within the C0134 (Getty Oil Company 18-15) USGS assay well from Dyni (1998). This well is 
within 1700 feet of the northeast corner of RD&D lease tract. 
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 The Parachute Creek Member is divided into two zones separated by the dissolution surface in the 

vicinity of the RD&D lease tract (Figure 2-4). The dissolution surface is a boundary above which most of 

the soluble evaporite minerals which formed nodules or layers in the rock have been dissolved by 

groundwater leaving abundant open voids or vugs. Below the dissolution surface, groundwater has not 

dissolved these minerals which remain in the form of nodules, layers, or disseminations in the rock. As a 

result, the permeability of the rock is much greater above the dissolution surface where interconnected 

vugs are prevalent. Groundwater flows more freely to wells completed above the dissolution surface; 

however, the flow yields to wells completed below the dissolution surface are minimal to nonexistent, 

reflecting the strata’s lower permeability. The dissolution surface is approximately 1,850 to 1,900 feet 

below ground surface at the RD&D lease tract.   

Above the dissolution surface, the Parachute Creek Member contains only minor quantities of nahcolite. 

Most of the evaporites deposited within this oil shale zone have been leached by ground water leaving 

vugs or dissolution breccias. The leaner oil shale zones in the Parachute Creek above the dissolution 

surface generally are water-bearing whereas the richer zones are more likely to be aquitards. The R-6, R-7 

(Mahogany Zone) and R-8 are rich oil shale intervals above the dissolution surface. The Mahogany is 

bounded above and below by organically lean units called the A-Groove and the B-Groove. These units 

are lean dolostones, shales and siltstones.  

The portion of the Parachute Creek Member that lies below the dissolution surface is called the saline 

zone. This zone contains rich oil shales, lean dolostones and evaporite beds containing nahcolite and 

some halite. In the vicinity of the RD&D lease, nahcolite is much more common than halite in the saline 

zone. Rich oil shale zones within the saline zone at the RD&D lease tract include the R-5, R-4, and R-3 

zones. Lean oil shale zones tend to have relatively high concentrations of nahcolite. 

The base of the geologic section shown in Figure 2-3 is the Garden Gulch Member of the Green River 

Formation. This unit is a clay-rich, kerogenous unit that consists of shales, thin sandstones,limestones, 

and oil shale beds with bedsets. The Garden Gulch Member at the RD&D lease tract includes two to three 

rich oil shale zones (zones R-0, R-1 and R-2) and two to three lean oil shale zones (zones L-1, L-2 and L-

3). The Garden Gulch at the lease tract is approximately 200 feet thick. 
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The orange marker is a key correlative horizon within the lower portion of the Green River Formation. It 

is generally recognized on resistivity logs through the unit, and it generally represents the base of rich oil 

shale development at the base of the R1 unit. This marker is located as the basal horizon on Figure 2-4 

marked as “Base of Green River.” Figure 2-4 illustrates major stratigraphic surfaces and proposed 

position of dissolution surface within the sedimentary package. 

Nahcolite occurs within the oil shale of the saline zone as discrete beds of brown or white nahcolite, as 

non-bedded crystalline aggregates scattered through the oil shale, and as fine-grained crystals, mixed with 

oil shale (Dyni, 1974). The quantity of nahcolite in oil shale units is variable ranging from near 0% in 

extremely rich oil shale beds and bedsets to 30-50% by weight in some of the leaner oil shale layers. 

Some beds of nahcolite, for example the Boies Bed in Figure 2-3, are nearly pure nahcolite (> 70%). 

Figure 2-5 provides photographs of some examples of nahcolite from the neighboring USGS assay well, 

C0314 (Getty Oil Company 18-15.)  

Figure 2-4: Cross section from southwest to northeast across the RD&D lease. 
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Figure 2-5: Types of nahcolite common in oil shale within the Parachute Creek Member of the 
Green River Formation. Disseminated crystals are shown in (a), small nodules are shown in (b). 
Layered nahcolite rich beds and dispersed microcrystalline nahcolite are also present within the 
Parachute Creek Member on the RD&D lease. 

The strata in the vicinity of the lease area dip gently to the northeast at about 1-2 degrees (see Figure 2-6). 

There is no significant structure on the lease tract based on surface observation. The site is located 

approximately 3 miles south of the axis of the Duck Creek syncline, 4 miles north of the axis of the Black 

Sulphur anticline, and 6 miles south of the Yellow Creek anticline. There is a significant normal fault 

system a mile or more to the southeast that has been mapped at the surface (Hail and Smith, 1994). This 

fault system strikes to the northwest and includes some displacement of the Green River Formation. 
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Figure 2-6: Structural map on top of Mahogany Zone across the RD&D and preference right leases 
of ExxonMobil. Elevations are subsea elevations in feet. Dip is to the northeast. Strike is to the 
southeast. 

Description of Target Zone 

The target zone for eventual deep testing of ExxonMobil’s in situ oil shale conversion methods lies 

approximately at 2,450 – 2,900 feet below ground surface on the RD&D lease tract. This target is 

basically from the top of the R4 unit to the base of the R1 unit. It encompasses approximately 300 feet of 

Parachute Creek Member within the saline zone and about 150 feet of Garden Gulch Member. This target 

zone is 550-600 feet below the dissolution surface. This thickness of intact, impermeable oil shale and 

evaporites will serve as a hydraulic barrier to isolate the target zone from the overlying aquifer units. 
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Estimated Resources 

One of the objectives of the Appraisal Phase is to ascertain oil shale resources within the RD&D lease 

area and determine how they are distributed stratigraphically. The lease area presently has no wells 

actually penetrating and sampling the Green River Formation. This POD provides for drilling one or more 

appraisal wells that should quantify the thickness and quality of oil shale, the amount of nahcolite in the 

section and the actual location of the dissolution surface. Information from wells in the area and USGS 

studies of the nahcolite, dawsonite and oil shale resources were used to estimate potential resource 

quantities in the absence of site exploration data. 

The oil shale resource on the RD&D lease is estimated to be 0.6 billion barrels of oil in place based on 

Fischer Assay analysis. This includes all oil shale, both within the aquifer zones above the dissolution 

surface and the saline zone below the dissolution surface. This estimate has no associated cut-off value. 

As in situ heating should heat both lean and rich oil shale, no cut-off is applied. This in-place value uses 

oil shale assay data collected and published by the USGS (Dyni, 1998).  ExxonMobil constructed a three-

dimensional geological model of oil shale thickness and grade from these data. Implementation of this 

POD should enable us to better quantify the amount of oil shale above and below the dissolution surface 

and better evaluate the resource within the target zone.  

Nahcolite resources on the RD&D lease are thought to be approximately 80-90 million short tons and the 

amount of dawsonite is estimated to be 25-30 million short tons. Nahcolite and dawsonite resources are 

gross in-place estimates based on maps published by Beard et al. (1974) for dawsonite and on the data 

from Brownfield et al. (2009) for nahcolite. Implementation of this POD should enable us to more 

accurately quantify the amount of nahcolite and dawsonite present on the RD&D lease. 

Hydrologic Setting 

Regional Hydrogeology 

Aquifers in the Piceance Creek Basin are present as (1) shallow alluvial systems associated primarily with 

perennial and ephemeral streams and drainages and (2) broad bedrock systems that extend for miles 

across the basin and to depths exceeding 2,000 feet (ft).  

Alluvial aquifers consist of unconsolidated sand, silt, gravel, and clay derived from weathering of the 

Uinta Formation. The aquifers are restricted to the valley bottoms along creeks and drainages. The 

thickness of the alluvium is reported to be as much as 140 ft with a saturated thickness of up to about 100 
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ft (Weeks and others, 1974). The transmissivity ranges from 2,700 ft2/day to 20,000 ft2/day with a storage 

coefficient averaging 0.20 (Coffin and others, 1971). The alluvial aquifers may exhibit both unconfined 

and confined conditions, depending on the presence of clay confining beds. Recharge to the alluvial 

aquifers occurs from infiltration of precipitation and stream and spring discharge, and in places, from 

underlying bedrock aquifers. Discharge of the alluvial aquifers occurs to surface streams and as 

evapotranspiration. Some alluvial wells in the basin are used for domestic or livestock water supply. 

The classic description of the bedrock hydrogeologic system in Piceance Creek Basin has been described 

by Taylor (1987). The aquifers occur within the Uinta Formation and underlying Parachute Creek 

Member of the Green River Formation. Aquifers were grouped into an upper bedrock aquifer system, a 

lower bedrock aquifer system, and a confining layer that separates the two aquifer systems. The confining 

layer is the Mahogany zone, a kerogen-rich zone with an average thickness of approximately 160 ft 

(Taylor 1987).  

The upper aquifer system consists of discontinuous silty sandstones of limited lateral extent, siltstones, 

and marlstones of the Uinta Formation and marlstones of the upper Parachute Creek Member of the Green 

River Formation. The aquifer is characterized as semi-confined due to the discontinuous nature of the 

sandstones and confining shale layers. The Uinta Formation, which forms highly fractured surface 

bedrock in much of the basin, is saturated below stream level elevations. The underlying Parachute Creek 

Member, the uppermost member of the Green River Formation, has the greatest effect on the local 

hydrology and water quality. Ranging in thickness from 500-1,800 feet, the Parachute Creek Member is 

primarily comprised of kerogenaceous dolomitic marlstone with thin pyroclastic beds (Coffin et. al., 

1971). The upper portion of the Parachute Creek Member within the upper aquifer system, inter-tongues 

with the Uinta Formation; combined, the stratigraphic units are approximately 700 ft thick (Taylor 1987).  

The Uinta Formation, including the Parachute Creek Member tongues, is more permeable than the plastic 

Mahogany zone. The fractured siltstone and sandstone of the Uinta Formation provide local aquifers of 

reasonable well yields.   

The transmissivity of the upper aquifer is estimated to range from 8 to 1,000 ft2/day based on aquifer tests 

reported by Weeks and others (1974). Tests by Welder and Saulnier (1978) ranged from 100 to 1,600 

ft2/day and storativity values of 1 x 10-4 and 1.6 x 10-4 from two tests. The variability in transmissivity is 

attributed to heterogeneity and fracture flow. The storage coefficient determined from aquifer tests in the 

upper aquifer is estimated to be 1 x 10-3. Where the aquifer is unconfined in outcrop areas, the storage 
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coefficient is estimated to be 10-2 and 10-1 (Weeks and others, 1974). Shell (2007) reported a range for 

horizontal hydraulic conductivity of 0.98 to 2.7 ft/day and a vertical hydraulic conductivity range of less 

than 1 x 10-4 to less than 1 x 10-5 ft/day (less than 3.5 x 10-9 to less than 3.5 x10-8 cm/s). 

The Mahogany zone in the middle of the basin, where deeply buried, may exhibit semipermeable plastic 

characteristics. However, toward the basin margins, the Mahogany zone is more brittle and fractured and 

therefore, more transmissive of groundwater. It is postulated that the Mahogany zone acts as an aquitard. 

Its confining unit may transmit upper and lower aquifer groundwater through faults and fractures in 

places. Data from U.S. Geological Survey well tests in the Mahogany zone indicate a hydraulic 

conductivity as great as 0.37 ft/day, but other wells tests resulted in virtually no hydraulic conductivity 

(Weeks and others, 1974). Weeks and others (1974) commented on a vertical conductivity test performed 

at one site in the basin that yielded no result. They hypothesize that, due to head observations in the lower 

and upper aquifers, the Mahogany zone is semipermeable, with a small vertical hydraulic conductivity. 

Shell (2007) reported estimated vertical hydraulic conductivity of the Mahogany zone of less than 1 x 10-4 

ft/day (less than 3.5 x 10-8 cm/s). 

The lower aquifer consists of the lower part of the Parachute Creek Member and the Garden Gulch 

Member of the Green River Formation. Unlike the Parachute Creek Member, the Garden Gulch Member 

is more illitic in composition. Generally, the Garden Gulch Member is considered impermeable compared 

to the overlying Parachute Creek Member. In general, the hydraulic conductivity of the Parachute Creek 

Member in the lower aquifer is considered low. However, in the upper third of the lower aquifer, the 

nahcolite and halite sequences have been dissolved, leaving behind a brecciated “leached zone” (Saulnier, 

1978). The base of the leached zone delineates the “dissolution surface”, above which water has dissolved 

the soluable salts, and below which the soluble salts remain. It is suspected that the dissolution surface 

occurs at the shallowest depths in the central portion of the basin and at greater depths near the basin 

margins. It is estimated that the dissolution surface is at a depth of approximately 1,875 ft below ground 

surface (bgs) at the ExxonMobil RD&D lease site (Figure 2-3). 

Weeks and others (1974) reported transmissivity of the lower aquifer from 20 wells; values ranged from 8 

to 1,940 ft2/day. The permeability in the leached zone is greater than in the surrounding unleached rocks. 

Coffin and others (1971) estimate the transmissivity of the zone ranges from less than 400 ft2/day at the 

margins of the basin to 2,670 ft2/day in the center of the basin. Potential pump yields from wells in the 

leached zone may reach 1,000 gallons per minute (gpm). Where confined, the storage coefficient of the 

zone is estimated to be 10-4 (Coffin and others 1971). Shell (2007) reported that horizontal hydraulic 
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conductivity in the lower aquifer (zones R-2 through L-6) ranged from 0.15 to 35.4 ft/day and vertical 

hydraulic conductivity ranged from less than 1 x 10-4 to less than 1 x 10-5 ft/day (less than 3.5 x 10-9 to 

less than 3.5 x10-8 cm/s). 

Recharge to the bedrock aquifer system occurs through infiltration of precipitation at outcrop, infiltration 

of surface stream discharge, and through vertical percolation and flow from overlying units to underlying 

units. Discharge of bedrock aquifer groundwater occurs through springs and streams, sometimes by way 

of existing alluvial aquifers; discharge may also occur locally by evapotranspiration. Some pumping 

occurs in the basin for various uses including water supply for livestock and oil and gas development 

operations. 

A more contemporary understanding of the hydrogeology of the Piceance Creek Basin emphasizes a 

system of interbedded aquifers and aquitards that correspond with rich (R) and lean (L)  kerogen zones 

within the Parachute Creek Member. This was recognized by Tait as early as 1982. Day et al. (2010) have 

described these various confined aquifers and the aquitard units within the northwest Piceance Basin.   

In a general sense, the lean oil-shale zones are typically more fractured and provide more transmissive 

units for groundwater than the rich zones. Groundwater in the Uinta Formation, the A-Groove (L7 zone) 

and the B-Groove (L6 zone) are considered the shallowest prolific aquifers in the basin that may be viable 

water supply sources of sufficient quality and quantity for beneficial use. Connection between the Uinta 

sandstones and the A-Groove is via fracture transmission through the R-8 interval, which serves as an 

aquiclude in this area according to work by Day, et al. (2010). 

Water chemistry also contributes to an understanding of the hydrogeology in the basin. Based on Shell 

(2007) water chemistry data, water-bearing zones including and above the L5 zone share a characteristic 

lower total dissolved solids concentration than water-bearing units below the L5.  The reason for this may 

be related to the position of the dissolution surface and the presence of underlying evaporite minerals 

within the saline zone of the Parachute Creek Member. Similar to other areas in the basin, it is likely that 

groundwater flow in the Green River Formation below the L5 zone at the RD&D site is limited because 

of the low transmissivity of the saline zone; flow is largely controlled by fractures in the unleached rock. 

The importance of the Mahogany zone (R7 zone) and the R5 zone, as confining beds separating the Upper 

Aquifer and Lower Aquifer systems, may not be fully understood, but is likely significant in limiting 

vertical hydraulic communication between upper and lower water-bearing zones. Potentiometric head 
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distributions indicate that the lower lean zones of L3and L4 are of similar and significantly greater head 

(up to 100 ft) than the head within the L5 through the Uinta Formation units which indicate a modest 

upward gradient (Shell, 2007). 

Existing regional data suggest that groundwater flow within the Upper Aquifer, including the B-Groove, 

in the vicinity of the ExxonMobil site is to the northeast (Figure 2-7). 
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Figure 2-7:  Regional Potentiometric Surface for the Upper Aquifer. 

              Source: Robson and Saulnier, 1981 
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Regionally, groundwater flow directions in the Lower Aquifer are not as well defined because of limited 

data. It is suspected that the configuration of the dissolution surface may locally control flow directions 

within water-bearing strata in the Lower Aquifer. Water flow is typically to the northeast (Figure 2-8).  

 

Figure 2-8:  Regional Potentiometric Surface for the Lower Aquifer. 

Source: Robson and Saulnier, 1981 
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Groundwater Quality 

With respect to water quality, regional studies have shown that the shallower water-bearing units typically 

exhibit better water quality than the deeper zones. In general, groundwater of the Uinta Formation is of 

the sodium-calcium-magnesium sulfate type or sodium-magnesium bicarbonate type.  The deeper 

groundwater of the Parachute Creek Member is of the sodium carbonate type. Some calcium sulfate or 

calcium bicarbonate type waters may occur in the upper aquifer and sodium bicarbonate type waters are 

more typical in the lower aquifer.  

Coffin and others (1974) reported that total dissolved solids (TDS) concentrations for the Evacuation 

Creek Member (Uinta Formation) ranged from 250 to 1,800 mg/L. Weeks and others (1974) reported 

groundwater chemistry results from various other researchers that showed TDS ranging from 469 to 6,720 

mg/L in the alluvial aquifer; 345 to 2,180 mg/L in the upper aquifer; and 491 to 38,900 mg/L in the lower 

aquifer. Welder and Saulnier (1978) reported groundwater chemical results from 24 test holes in Piceance 

Creek Basin with TDS ranging from 470 to 1,720 mg/L in the Uinta Formation; 510 to 2,220 mg/L in the 

upper Parachute Creek Member, and 650 to 33,300 mg/L in the lower Parachute Creek Member. Average 

TDS in the lower aquifer is much greater than the upper and alluvial aquifers as a result of the dissolution 

of minerals in the Parachute Creek member below the Mahogany zone.  

Data from Shell (2007) indicate that TDS concentrations from Uinta Formation wells ranged from 520 to 

1,560 mg/. TDS concentrations in wells completed in lean zones L5, L6 and L7 ranged from 510 to 2,250 

mg/L, and wells completed in lean zones L3 and L4 ranged from 1,460 to 52,600 mg/L. TDS measured at 

wells at the former C-b Tract showed upper aquifer ranges from 500 to 1,700 mg/L and lower aquifer 

ranges from 1,100 to 4,500 mg/L. Fluoride ranged from less than 1 to 22 mg/L in the upper aquifer and 

from 4 to 23 in the lower aquifer. 

Trace element concentrations of strontium decrease with depth, whereas fluoride concentrations typically 

increase with depth (can exceed 30 mg/l). Barium, boron and lithium are of higher concentrations at depth 

where chloride exceeds 100 mg/L (Tobin 1987). Sulfate concentrations may decrease with depth and are 

generally low below the saline zone. Additionally, Weeks et al. (1974) reported the presence of 

aluminum, arsenic, barium, boron, iron, lead, lithium, manganese, molybdenum, selenium, and strontium 

in the lower aquifer in at least trace amounts. The consistently high concentrations of elements such as 

barium, boron, and lithium in the northern part of the Piceance Basin were concluded to result from the 

dissolution of nahcolite and halite deposits. 
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Water quality data collected from the Garden Gulch and Wasatch Formation in the basin are sparse. 

However, Shell (2007) reported a TDS average of 36,158 mg/L with a range of 580 to 83,000 mg/L from 

wells completed in the L1 zone (upper Garden Gulch Member). Bicarbonate, sodium, chloride, fluoride, 

and boron exhibit high concentrations, and calcium concentrations are characteristically low in the L1 

zone compared to overlying zones. 

Site Hydrology 

Surface Water  

The Piceance Basin in the area near the RD&D lease receives approximately 12-20 inches of precipitation 

per year. Most of the precipitation is from snowmelt. Four ephemeral drainages are present on the 

preferential right lease tract, one of which is located on the west portion of the RD&D lease. In addition, 

several small gullies originate on the east side of the RD&D lease and trend to the northwest. These 

drainages may flow after rapid snowmelt or during intense precipitation events during summer months, 

but otherwise, the drainages are dry. Surface runoff flows towards the north and west to Yellow Creek 

which discharges to the White River. 

Groundwater Hydrology 

No subsurface exploration has been conducted by ExxonMobil on the RD&D lease, and therefore, 

detailed knowledge of the underlying hydrogeology is not known. As described above in the Geologic 

Setting, a gas well (Federal RGU 31-34-198) was constructed by WPX Energy Rocky Mountain LLC on 

the lease in 2008. Information available for this well may be used in combination with the site exploration 

data to refine the hydrogeologic conceptual model for the RD&D site.  

Groundwater is expected to be present in the underlying bedrock units of the Uinta Formation and the 

Parachute Creek Member of the Green River Formation. Quaternary alluvium on the lease is limited to 

local detritus from sedimentation of local soils and Uinta Formation outcrops; this material is likely 

limited to a few feet thick in the shallow drainages that dissect the site. 

The number of discrete aquifer subunits in the upper aquifer zone is not known at this time. Groundwater 

in the Uinta Formation is expected to occur in local perched zones and perhaps a more continuous aquifer 

between 300 and 600 feet below ground surface.  As recognized regionally, the A-groove zone and B-

groove zone that bound the Mahogany zone of the Parachute Creek Member are expected to yield 

groundwater of modest quantities on the RD&D site. Groundwater is also expected to occur in varying 
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amounts in the leached zone below the rich R-6 zone. It is anticipated that strata within and immediately 

over-and underlying the L5 zone may form an aquifer of reasonable yield, especially if this strata consists 

of voids and fractures that are characteristic of the leached zone.  

The base of the lower aquifer is demarcated by the dissolution surface that, on the RD&D lease tract, is 

probably present within the basal portions of the L-5 interval. This surface is the present-day location of 

the dissolution of evaporite minerals from the dolomitic oil shales of the Parachute Creek Member. Below 

this surface, groundwater flow is hypothesized to be limited, as evidenced by the presence of the highly 

water-soluble evaporite minerals halite and nahcolite. 

Groundwater in the saline zone, underlying the dissolution surface, is expected to be present but of minor 

to miniscule yields to boreholes. The permeability of the Parachute Creek and Garden Gulch Member 

strata is expected to be small compared to the leached zone. The clay-rich Garden Gulch member is 

present below the saline zone. Work by American Shale Oil (AMSO) several miles to the south, has 

confirmed that the Garden Gulch is not serving as an aquifer (Burnham 2010). 

Figure 2-9 illustrates the general potentiometric surface of the lower aquifer of the Parachute Creek 

Member within the RD&D site. The potentiometric surface contours are based on a September 1987 map 

prepared for Industrial Resources, Inc. Sodium Minerals Project. 
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Figure 2-9: Potentiometric Surface of the Lower Aquifer. 
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3 Suitable map or aerial photograph showing the topography, the area 

covered by the lease, the name and location of major topographic and 

cultural features and the drainage plan away from the affected area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1: Site Location. 
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4 A statement of proposed methods of operating, including a description of 

the surface or underground mining methods, the proposed roads, the 

size and location of structures and facilities to be built, estimated 

recovery factors and number of acres in the Federal lease or permit to 

be affected  

Appraisal 

Appraisal and Groundwater Monitoring Wells 

Initially, surface disturbance will occur with the construction of roads and other infrastructure (i.e., field 

office) followed by the installation of appraisal and groundwater monitoring wells.  One or more appraisal 

wells will be drilled from the surface to the base of the Green River Formation.  Continuous coring will 

be done from the top of the Parachute Creek member to the base of the Green River Formation in each 

appraisal well drilled.  Wells will be wireline logged over their entire depth.  The purpose of the appraisal 

well(s) is to provide confirmation of locations of geologic markers and provide core for evaluating the 

richness and mineral composition of the oil shale. This data is critical for the design of the later 

experimental phases of the program.  

At least one set of groundwater monitoring wells will be drilled in the Appraisal Phase.  To minimize 

overall surface disturbance, the appraisal well(s) will be converted to groundwater monitoring well(s) and 

the remainder of each set of groundwater monitoring wells will be drilled from the appraisal well pad. If 

multiple appraisal and/or sets of groundwater monitoring wells are drilled during the Appraisal Phase, 

they will be drilled from common well pads placed in appropriate locations on the lease.  Each well pad 

used will be up to 2.8 acre in size, including mud pits.  The wellpads will be restored per the surface 

reclamation plan, leaving sufficient space around each well for monitoring.  The access road and small 

access wellpad will be maintained for each groundwater set to ensure access for periodic sampling and 

monitoring of groundwater, and maintenance, as needed.  To support maintenance, the associated wellpad 

may be temporarily enlarged, but restored per the surface reclamation plan, leaving a sufficient area 

around each well for monitoring access, adjacent to an access road. 

The program will initially drill a series of up gradient wells. After the geologic data is collected from 

these wells, additional wells may be drilled at appropriate locations down gradient for appraisal purposes 

or to monitor ground water quality leaving site.  Down-gradient water monitoring wells may be drilled 

during the Appraisal Phase or as part of subsequent Experimental Phases. Small tests may be conducted 

in the appraisal wells and/or groundwater monitoring wells to determine minimum in situ stresses and 



Plan of Development – ExxonMobil Oil Shale RD&D Lease 

 ExxonMobil Exploration Company     30 

 

their directions, or to collect other information needed for design of subsequent Experimental Phases.  

Additional details for ground water monitoring wells can be found in the attached ground water 

monitoring plan. 

Buildings and Infrastructure/Utilities 

During the Appraisal Phase, the site buildings will only consist of temporary buildings or trailers for 

office space and limited storage.  A safety/security fence will surround the temporary building or the area 

of activity, as needed, to protect livestock and wild game.  The building may be tied-in with the local 

electrical grid during this phase, pending discussion with White River Electric Association (WREA).  

Otherwise, electricity will be supplied from portable generators equipped with appropriate noise and 

emission controls.  Water for all needs will be trucked to the site. 

Experimental Phases for In situ Testing 

The Experimental Phases of development will notionally include a series of incremental research 

activities, with each phase defined subsequent to and based on learnings from prior phases. The scope and 

scale of the Experimental Phases is not expected to exceed the notional plan that was described in the 

Plan of Operations, upon which the Environmental Assessment was based.  Once the site specific geology 

is understood, the first in situ testing program will be designed, taking into account the spacing and timing 

limitations detailed in the Environmental Assessment. The Plan of Development will be amended once 

the detailed design of each phase is complete.      

Three notional Experimental Phases are anticipated:  Phase I is intended to establish in situ 

constructability of  ExxonMobil’s oil shale technology within the target oil shale test zone.  During Phase 

II, this system will be energized to heat oil shale within the target zone. Depending on results from Phase 

II experiments, incremental research and additional Phase II field tests may be conducted before 

proceeding to Phase III.  

Results of Phase II operations will be used to guide development and implementation of a Phase III pilot 

test, which would be used to assess commercial viability of the in situ technology on a field scale.  

4c For in-situ operations - A statement of the proposed method of 

development that includes:   
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4c-1 A description detailing the in-situ methodology  

In general terms, the in situ technology to be evaluated on the RD&D lease can be described as follows: 

Electrically conductive material is placed into the in situ oil shale zone via a well drilled with 

conventional means using routine drilling and completion equipment and methods.  An electric current is 

passed through the conductive material in the well, providing energy to the oil shale formation through 

resistive heating that is dissipated into the oil shale primarily via heat conduction.  Conventional wells 

produce the hydrocarbons that are generated from the heated oil shale.   

It is recognized that development of a commercial viable in situ oil shale technology will require a paced 

approach to thoroughly evaluate and optimize technology viability, with appropriate focus on 

environmental protection, water conservation and responsible land use.  Information from the Appraisal 

Phase RD&D activity is needed and will be used in combination with ongoing laboratory-scale research 

and lab and field-scale numerical modeling in order to define a detailed plan for Phase I and II testing.  

The Plan of Development will be amended appropriately once the Appraisal Phase work is completed and 

Phase I details are established.  The scope and scale of the in situ technology evaluation done in the 

Experimental Phases is not expected to exceed the notional plan that was described in the Plan of 

Operations, upon which the Environmental Assessment was based.   

4c-2 The equipment to be used in development and extraction  

For the Appraisal Phase of the program, the equipment will be limited to conventional oil field drilling 

and work over equipment. To optimize operations, a smaller, water well drilling rig may be utilized for 

some or all wells. Road construction will utilize standard earth moving equipment (bull dozers, road 

graters, etc). 

The equipment necessary for the subsequent research phases will be provided once the appraisal data is 

collected and detailed design for each phase is complete. A conceptual equipment list has been provided 

below. Some units may be added or removed, depending on the final experimental design. 
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Table 4-1: Equipment 

 Equipment Type Purpose 

Portable generators Small electrical power needs prior to tie-in to local power grid 

Three-phase separator Oil, gas, and water stream separation 

Compression system Sour gas compression 

Amine treating skid unit H2S absorption and MDEA regeneration 

Gas incinerator 
Combust treated and tail gas while controlling CO and NOx 
emissions 

Desalter Separate salt from shale oil 

Stabilizer Stabilize shale oil for storage and transport 

Lo-Cat skid unit Convert H2S in acid gas into elemental sulfur 

Water treatment facility Purify sour water streams and recover minerals 

Produced water storage 
vessels 

Proper temporary storage of produced water 

Sulfur storage vessels Proper storage of sulfur  

Shale oil storage vessels Proper storage of shale oil 

   

4c-3 The proposed access roads  

The appraisal program will leverage the existing road network in the region to minimize new surface 

disturbance. All new roads for this phase are located within the lease boundary and are shown in Figure 

4-7. Details associated with roads necessary for the later experimental phases will be provided once the 

appraisal phase has been completed. 

4c-4 The size, location and schematics of all structures and facilities to 

be built   

The appraisal phase may include a maximum of 3 portable office trailers. These trailers will be used as 

temporary field offices for company personnel as well as limited equipment storage. Details regarding 

future structures and processing equipment will be provided once the experimental program has been 

finalized. 

4c-5 The development sequence and schedule  

ExxonMobil has consistently proposed a staged and deliberate development program that allows for 

technical advancement while minimizing the potential for environmental impacts. The timing and surface 

occupancy limitations imposed by the Environmental Assessment have the potential to significantly 

impact the execution strategy and overall project schedule. 
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Preparation for Appraisal Phase 

Activity at this time will be the construction of the initial well pad in the southwest corner of the RD&D 

and the road leading to it.  This construction may include preparing a location for the portable office 

trailers mentioned in section 4c.4.  Well pads on the north  and northeast sides of the RD&D lease and the  

associated roads/entries to those pads may be constructed after the design of Phase I is complete and the 

appropriate monitoring locations are confirmed. 

Appraisal Phase 

During the appraisal phase, 1 or more appraisal wells will be drilled, cored and logged to understand the 

local resource. This data is critical to characterize the resource and finalize design of the future 

experimental programs. A series of ground water monitoring wells will also be installed as part of this 

phase to start the baseline monitoring required by the Division of Reclamation Mining & Safety (DRMS). 

Phase I: Small Scale Construction 

During this phase of the program, the in situ technology will be constructed in the target zone. 

Monitoring, observation and instrumentation holes will be drilled to understand system performance and 

rock behavior. Various operational tests are envisioned to ensure proper construction and verify the 

associated properties. Phase I operations will be intentionally limited to prevent the generation of oil and 

gas.  During this phase, construction of surface facilities and production wells necessary for Phase II of 

the program will be executed.   

Phase II: Small Scale Operation 

During this phase of the program, the Phase I system will be energized and tested under variable 

conditions to understand its performance during heating.  

Phase III: Pilot Scale Testing 

Based on the information collected in the previous phases, a larger scale system will be designed, built 

and tested. If successful, this test is anticipated to operate for several years to verify the long term 

reliability of the technology as well as determine the commercial potential.  
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4c-6 The number of acres in the Federal lease to be affected  

For the appraisal phase of the program, the surface disturbance will be less than 15 acres. This figure 

includes roads and well pads.  

4c-7 Typical schematics of all drilled well types including those used for 

heating, freezing, disposal or production activities detailing all 

casing and completion design including materials used in all 

cementing operations 

To minimize surface disturbance, one or more of the appraisal well(s) may be converted into ground 

water monitoring wells. Detailed well sketches of the appraisal and ground water monitoring wells can be 

found in the attached ground water and surface water monitoring plan. 

The design of the Phase I program, including all associated wells, will be completed after the necessary 

data from the appraisal phase is collected. We anticipate using 5.5-in K-55 17 lb/ft (5320 psi burst 

pressure) casing in any wells constructed.   

A representative sketch for process wells is shown in Figure 4-1.  We anticipate drilling and setting 

surface casing.  This casing will be cemented back to surface level.  The well may be drilled with 

directional control to the target of interest.   In all cases, we anticipate running the intermediate casing 

string to at least the dissolution surface and cementing this string back to surface level.  A tubing string 

may be used to convey produced fluids back to the surface.  
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Figure 4-1: Generic Well Schematic for Holes and Wells. 

For each well, a completed Application for Permit to Drill (APD) package will be submitted to the 

appropriate regulatory agencies for approval. Wells will be designed, cased, and cemented per applicable 

regulations; potential freshwater zones will be isolated. Determination of cement volumes will be made 

with the assumption that surface casing and intermediate casing will be cemented back to surface. 

Cements will be neat slurries of Class G cement with silica added to provide thermal stability. 

4c-8 A detailed description of the methods and means to protect and 

monitor all aquifers. 

ExxonMobil proposes to design its field development such that the pyrolysis and production zones are 

isolated from proximate aquifer(s). As part of the appraisal well program, small water fracs are planned in 

the stratigraphic zones in and around the target heating zone.  These small fracs will provide local fracture 

orientation and the magnitude of in situ stress.  The orientation and stress state information will be used to 

plan Phase I and ensure that all operations are limited  to the target heating zone. Thus, an impermeable 

seal will be maintained around the developed volume (Figure 4-2). 
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In the configuration shown in Figure 4-2, the notional top of the target heating zone is anticipated to be 

~2300 – 2750 ft below surface.  Such a development strategy should preclude contact between proximate 

groundwater sources and the process zone. Geomechanical modeling indicates that the pyrolysis volume 

can be surrounded by cold pillars of oil shale such that subsidence and associated faulting could be 

mitigated, preventing connection to over- or underlying aquifers.  

 

Figure 4-2: Schematic Depiction of ExxonMobil’s Hydraulic Isolation Approach to Mitigating 
Groundwater Contamination from the Pyrolysis Zone. 

A site specific ground and surface water monitoring plan has been developed and is attached. 

4d For every plan of development, the Lessee must provide the 

following:   

4d-1 An estimate of the quantity and quality of the mineral resources 

The following commodities may be present on the RD&D lease tract.  The values are total in-place 

estimates without consideration to extraction method or specific geologic occurrence. 

• Shale Oil – 600 million barrels 

• Nacholite – 80 to 90 million tons 
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• Dawsonite – 25 to 30 million tons 

Data for these estimates come from estimates made by the USGS in Beard et al. (1974) and Johnson et al. 

(2009). 

4d-2 An explanation of how the resource will be recovered with a 

minimum of waste. If a portion of the deposit is not to be recovered 

or is to be rendered unrecoverable by the operation, the Lessee must 

submit appropriate justification to the authorized officer for approval  

Since this is a research program in a novel technology area, the specific implications of resource 

development are unknown and are a key area of investigation for the research program.  

As discussed previously, a portion of the oil shale will not be pyrolyzed to act as “cold pillars”. This 

undisturbed oil shale will support the overburden during pyrolysis and mitigate subsidence.  A portion of 

the resource above and below the pyrolysis volume will also be undisturbed to ensure that generated 

hydrocarbons are either produced to surface or remain in the pyrolysis volume. Additional resource will 

be sterilized to serve as an appropriate buffer around tight gas developments. This will minimize any 

thermal and/or geomechnical stresses on the associated wells. 

The impact of oil shale development on evaporite mineral recovery may also be explored during Phase III 

of this program.   

4d-3 Appropriate maps and cross sections showing 

4d-3(i) Federal lease boundaries; (ii) Surface ownership and boundaries 

Figure 4-3 illustrates the Federal lease boundaries, surface ownership and the location of oil and gas 

wells.   
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Figure 4-3: Federal RD&D lease boundaries, surface ownership and gas well location. 
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4d-3(iii) Locations of existing and abandoned mines and existing oil and gas 

well locations 

There are no known existing or abandoned mines on this lease. 

4d-3(iv) Typical structure cross sections 

Figure 4-4 illustrates the typical structure cross section. 

4d-3(v) Location of shafts or mining entries, strip pit, waste dumps, retort 

facilities and surface facilities  and (vi) Typical mining and in-situ 

development sequence, with appropriate time frames 

Figure 4-4:  Cross section from southwest to northeast across the RD&D lease. 
Shows major stratigraphic surfaces and proposed position of dissolution surface 
within the sedimentary package. 
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Figure 4-5: Location of Surface Facilities. 

Figure 4-5 illustrates the preliminary location of the surface processing facilities. At this time, the 

research program does not anticipate a need for the following:  shafts or mining entries, strip pits, waste 

dumps or retort facilities. Figure 4-6 provides the expected timing and duration of the various phases. As 

previously discussed, the actual timing will also be influenced by regulatory approvals, the timing 

limitation imposed by the Environmental Assessment and successful technology demonstration.  

 

Figure 4-6: Proposed RD&D Timeline 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Permitting

Appraisal & GW Monitoring

Phase I (Construction)

Phase II (Operation)

Phase III Full Scale Pilot

2nd Pilot (optional)
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4d-4 A narrative which addresses the environmental aspects associated 

with the proposed project which includes, at a minimum, the 

following: 

4d-4(i) An estimate of the quantity of water to be used and where the water 

will be obtained, water produced and treated, and pollutants that 

may enter any receiving waters 

Fresh water required to support operations under this POD will be obtained from existing water rights in 

the Piceance Creek Basin under the control of ExxonMobil and decreed for industrial use. The water will 

be transported by truck from the decreed points of diversion to the site. During initial site operations, 

fresh water delivered to the site will be used for dust suppression during access road and monitoring well 

pad construction and to support drilling operations. The total quantity of water required is expected to be 

minimal during initial operations which will include construction of one access road and well pad and 

drilling/installation of three monitoring wells. The quantity required for dust suppression will depend on 

site conditions, vehicle traffic, and weather; however, the quantity will be sufficient to control fugitive 

dust emissions as required in the Decision Record and Air Pollution Control Division (APCD) 

Construction Permit. The amount of water required to support drilling operations will depend on 

subsurface conditions encountered during drilling as well as the techniques used to drill and install the 

monitoring wells. During the appraisal phase, the fresh water consumption is expected to be less than 6.5 

acre/ft per year. Water consumption estimates for the research phases will be provided after detailed 

design has been completed. However, water usage is not expected to exceed the notional plan that was 

described in the Plan of Operations. Fresh water delivered to the site will be stored in onsite aboveground 

tanks within unlined, earthen-bermed areas or in lined containment pits designated for fresh water storage 

only. 

All water generated during operations will be contained onsite in aboveground storage tanks with lined 

secondary containment or lined containment pits. No generated water will be discharged to the ground 

surface without the written consent of BLM and approval of the Colorado Department of Public Health 

and Environment (CDPHE). Generated water contained onsite will either be allowed to evaporate from 

lined containment pits or transported offsite for disposal at a facility licensed to receive such waste water. 

All operations conducted under this POD will be implemented in a manner that minimizes the potential 

for pollutants to enter receiving waters. Potential receiving waters include surface water within ephemeral 

drainages at and adjacent to the site and groundwater underlying the site. The threat of potential releases 

originating at the ground surface will be minimized by adherence to the procedures and protocols 
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specified in Stormwater Management Plan and Spill Prevention, Control, and Countermeasures Plan. The 

potential for subsurface release of pollutants will exist during later phases of the RD&D operations in 

response to oil shale heating and testing operations. Downgradient monitoring will be implemented 

during such operations to provide early detection and correction of unexpected pollutant impacts to 

receiving waters.  

4d-4(ii) A design for the necessary impoundment, treatment or control of all 

produced water, runoff water, and drainage from workings 

All groundwater produced during drilling and hydrologic testing operations will be temporarily contained 

onsite in either a lined pit or aboveground storage tanks with secondary containment of at least 110 

percent of the largest vessel’s capacity. Produced groundwater contained in lined containment pits will 

either be allowed to evaporate or transported offsite for disposal at a facility licensed to receive such 

wastes. Produced groundwater contained in above-ground storage tanks will be transported offsite for 

disposal at a facility licensed to receive such wastes.  

If a lined pit is used to temporarily store produced groundwater, a lined containment pit measuring 

approximately 150 feet long by 50 feet wide and 8 feet deep will be constructed on the proposed drill pad. 

The pit will be used to temporarily store groundwater produced during drilling and hydrologic testing 

activities. As specified in the Decision Record, the pit will be constructed with a minimum 24-mil 

impermeable liner. The pit will be fenced on all four sides to exclude both large and small animals and 

netted to prevent birds from accessing the pit. A minimum two feet of freeboard will be maintained in the 

pit. 

A General Permit for Stormwater Discharges Associated with Construction Activities will be obtained 

from the Colorado Department of Public Health and Environment. As required by the permit, a 

stormwater management plan will be prepared to identify possible pollutant sources that may contribute 

contaminants to stormwater and best management practices that would be implemented to reduce 

potential water-quality impacts resulting from stormwater runoff. Evidence of the permit issued to 

ExxonMobil and a copy of the stormwater management plan will be submitted to BLM and DRMS prior 

to initiation of construction activities. 
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4d-4(iii) A description of the measures to be taken to prevent or control fire, 

soil erosion, subsidence, pollution of surface and ground water, 

pollution of air, damage to fish or wildlife, or other natural resources 

and hazards to public health and safety 

Prevent or Control Fire 

ExxonMobil is committed to mitigating threats to human health and the environment at its oil shale 

RD&D site, including those posed by wildfires, brush fires, and fires resulting from onsite operation. As 

with any emergency, including fire, ExxonMobil will implement the guidelines specified in the site 

specific Emergency Response Plan to minimize threats to onsite workers and the public.  

 The Craig Interagency Dispatch (970-826-5037) will be notified in the event of any fire.  The reporting 

party will inform the dispatch center of the location of the fire, size, status, smoke color, aspect, fuel type 

and contact information.  The reporting party or a representative would remain nearby, if it is safe to do 

so, in order to make contact with incoming fire resources to expedite actions taken towards an appropriate 

management response.   

ExxonMobil and its contractors will not engage in any fire suppression activities outside the approved 

project area.  Accidental ignitions caused by welding, cutting, grinding, etc. will be suppressed by 

ExxonMobil and its contractors only if employee safety is not compromised and if the fire can be safely 

contained using hand tools and portable hand pumps.  If chemical fire extinguishers are used, personnel 

will notify incoming fire resources of the extinguisher type and the location of use.  Natural ignitions 

caused by lightning will be reported to and managed by federal fire personnel.  If a natural ignition occurs 

within the RD&D site, the fire may be initially contained by site personnel only if employee safety is not 

compromised.  Slash and woody debris will be removed and managed in accordance with BLM 

guidelines and as specified in the reclamation plan section of this POD.   

Prevent Soil Erosion and Subsidence 

Threats posed by soil erosion and associated sedimentation will be minimized by adherence to the 

procedures and protocols specified within the Stormwater Management Plan which will be prepared to 

comply with the requirements of the CDPHE relating to potential water quality impacts that may result 

from construction activities and as required for the General Permit for Stormwater Discharges obtain from 

CDPHE. In general, drainage and diversion of stormwater will be around and off the facilities to mitigate 

any erosion to site facilities and surrounding areas.   
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Erosion control devices including ditches, sumps, silt fences, and other Best Management Practices 

(BMPs) will be implemented where applicable to control erosion and sedimentation. BMPs associated 

with stormwater management / erosion control will be applied to the site during construction & drilling/ 

completion operations.  Wattles may be used for perimeter runoff control around the location and 

stockpiles.  Following construction, the need for temporary stabilization measures for cut/ fill slopes will 

be evaluated based upon rock content and degree of slope.  In areas of rock content greater than 50%, no 

erosion control measures on slopes will be implemented, and primary BMP will be wattles at the toe of 

the fill slope.  Where rock content is less than 50%, surface roughening and erosion control blankets may 

be used to stabilize the fill slopes. If field conditions do not allow for effective surface roughening or 

installation of erosion control blankets, hydromulching may be used.   If hydromulching is used, the seed 

will be sprayed at double the drill seeding rate followed by application of hydromulch. 

ExxonMobil will locate culverts or drainage dips in such a manner to avoid discharge onto unstable 

terrain such as headwalls or slumps; provide adequate spacing to avoid accumulation of water in ditches 

or road surfaces; install culverts with adequate armoring of inlet and outlet; patrol areas susceptible to 

road or watershed damage during periods of high runoff; keep road inlet and outlet ditches, catch basins, 

and culverts free of obstructions, particularly before and during spring run-off.  Culverts and waterbars 

will be installed according to BLM Manual 9113 standards and sized for the 10-year storm event with no 

static head, and to pass a 25-year event without failing. 

No subsidence is anticipated because of the small-scale nature of the oil shale RD&D operations to be 

conducted under this POD. 

Pollution of Surface Water and Groundwater 

ExxonMobil is committed to the protection of surface water and groundwater resources and will 

diligently strive to minimize threats of pollution of such resources as a result of operations performed 

under this POD. Measures will be implemented to minimize threats to surface water and groundwater, 

including but not limited to implementation of the procedures and protocols specified in the Stormwater 

Management Plan and SPCC Plan prepared for the site, containment and proper management/disposal of 

all groundwater generated during operations, and use of well completion methods designed to prevent 

comingling and potential cross-contamination of subsurface hydrostratigraphic units.  

 The mitigation strategy to protect proximate groundwater (and by extension, the surface water streams in 

communication with groundwater) is to design the operations to contain the pyrolysis zone in a low-



Plan of Development – ExxonMobil Oil Shale RD&D Lease 

 ExxonMobil Exploration Company     45 

 

permeability envelope of unheated oil shale. The effectiveness of this strategy will be evaluated 

throughout the research operations with a comprehensive groundwater monitoring program.  

The field development will be designed such that the effected zone (pyrolysis and production zone) is 

isolated from proximate aquifer(s). As part of the appraisal well program, small water fracs are planned in 

the stratigraphic zones in and around the target heating zone.  These small fracs will provide local fracture 

orientation and the magnitude of in situ stress.  The orientation and stress state information will be used to 

plan Phase I and ensure that all operations are limited to the target heating zone. Thus, an impermeable 

seal will be maintained around the developed volume. 

The notional top of the target heating zone is anticipated to be ~2300 – 2750 feet below surface.  Such a 

development strategy should preclude contact between proximate groundwater sources and the process 

effected zone. Geomechanical modeling indicates that a pyrolysis volume can be surrounded by cold 

pillars of oil shale such that subsidence and associated faulting could be mitigated, preventing connection 

to over- or underlying aquifers. 

All waste materials generated during operations under this POD will be properly contained onsite. All 

liquid waste materials will be contained in lined containment pits with bird netting or above-ground 

storage tanks with proper secondary containment. Liquid waste materials contained in lined containment 

pits will either be allowed to evaporate or transported offsite for disposal at a facility licensed to receive 

such wastes. Liquid waste materials contained in above-ground storage tanks will be transported offsite 

for disposal at a facility licensed to receive such wastes. Solid wastes, such as general trash and debris, 

will be contained in appropriate onsite containers and transported offsite for disposal at a licensed landfill. 

Any sediment or sludge waste materials generated during operations will be properly contained onsite, 

and the material will be sampled and analyzed according to disposal requirements; based on sample 

results, the material will be disposed of in accordance with BLM and other applicable agency 

requirements. 

Facilities constructed to support research and testing operations will be designed to prevent release of 

process constituents, and thereby, provide protection of surface water and groundwater. Facilities will be 

constructed in accordance with the protocols specified in the SPCC Plan and Stormwater Management 

Plan prepared for the site. 
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A baseline surface water and groundwater monitoring program will be implemented following 

construction of the access road, well pad, and three monitoring wells. The monitoring program will be 

implemented as described in the Surface Water and Groundwater Monitoring Plan. The program will be 

conducted to establish baseline surface-water conditions in Yellow Creek downstream of the site and 

baseline groundwater conditions within the B-Groove, L5, and Lower Garden Gulch (LGG) 

hydrostratigraphic units at the site. The program includes monitoring flow rates and collecting surface-

water samples from Yellow Creek and monitoring water levels and collecting groundwater samples from 

the B-Groove, L5, and LGG monitoring wells on the South Well Pad during five quarterly monitoring 

events. The baseline monitoring program will be completed prior to the start of pilot heating operations. 

Surface water and groundwater monitoring will continue during heating operations and extend through a 

period of 2 years after the pilot is completed. 

Additional monitoring wells and well pads will be constructed at the site prior to the initiation of pilot 

heating operations but such wells will not be part of the baseline monitoring program. The additional 

wells and well pads will be used in combination with the baseline wells on the South Well Pad to 

facilitate groundwater monitoring during the operational and post-operational phases of the project. 

Figure 4-7 shows the South Well Pad and the wells at which the baseline monitoring program will be 

completed. The potential future locations for the additional wells and pads that may be constructed prior 

to oil shale testing operations are also shown in Figure 4-7.  

ExxonMobil will prepare a Surface Water and Groundwater Monitoring Response Plan describing how 

operational monitoring will be used in conjunction with baseline monitoring results to ensure timely 

recognition of any impacts to water resources that may be related to site operations during and after 

testing operations. The operational monitoring program will include monitoring Yellow Creek and onsite 

B-Groove, L5, and LGG wells. 

Pollution of Air 

A Land Development Permit will be obtained from the CDPHE – APCD for the proposed construction 

activities. A particulate emissions control plan as well as control measures will be specified in the permit. 

Access roads will be treated with fresh water and/or other approved dust suppressant during construction 

and drilling activities to minimize dust trails behind vehicles. Vehicles will abide by company or public 

speed restrictions during all activities. If water is used as a dust suppressant, there would be no traces of 

oil or solvents in the water, and it would be properly permitted for this use by the State of Colorado. Only 

water needed for abating dust would be applied.  
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Additional air permits will be obtained, as necessary, to support operational phases of the project by 

controlling emissions sources at the facility. As stated in the POO and Decision Record, onsite 

incineration will be performed to mitigate generation of CO and NOx. It is expected that sulfur containing 

compounds and hydrocarbons will be retained within the process system, and only flared in emergency 

situations. 

Damage to Fish or Wildlife or Other Natural Resources 

Unless an exception is approved by BLM, work performed under this POD will be implemented in 

accordance with the special status animal species restrictions and the measures to minimize impacts to 

migratory birds and terrestrial wildlife that is specified in the Decision Record; including “No Surface 

Occupancy” within the southeastern quarter of the lease tract (Lot 8 of Section 34). One active and two 

inactive raptor nests were identified within the NSO area during a July 2012 raptor nest survey conducted 

for ExxonMobil on the lease tract.  

Water containment pits will be fenced on all four sides with net-wire to prevent access of both small and 

large animals and netted to prevent birds from accessing the pits. 
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Figure 4-7: Site Layout - Planned and Potential Well Pads. 
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Hazards to Public Health and Safety 

Hazards to public health and safety will be minimized by restricting access to active portions of the site 

during operations. Visitors will only be granted access if approved by ExxonMobil. Depending on the 

operations at the time, approved visitors may be required to attend an onsite, site-specific safety and 

health orientation prior to entering restricted areas. 

Fencing and signage will be installed to discourage unauthorized access to portions of the site posing 

potential threats to public safety and health. The potential for unauthorized access will be minimal when 

the site is manned during operational periods.   

Employees and contractors working onsite will be required to abide by the guidelines and protocols 

specified in the appropriate site safety manual and work management system. In some cases, ExxonMobil 

may require its site contractors to develop and implement site safety and health plans addressing the 

potential threats associated with the work the contractor will be performing onsite; however, such plans 

will be in addition to and not in place of the ExxonMobil safety requirements. Daily tailgate safety 

meetings will be conducted during site operations to increase site worker awareness and thereby minimize 

the threats posed by site and operational hazards.  

4d-4(iv) A description of the proposed source or sources of energy for the 

operations, and any measures to reduce or to mitigate energy 

requirements, to use renewable energy, or to reduce emissions of 

greenhouse gases 

During the appraisal program, electricity for field offices is expected to be provided by WREA via 

existing power distribution network in the region. If electricity cannot be supplied from the grid, portable 

generators would be used to power the field offices. The drill rigs necessary for the appraisal phase are 

expected to utilize and permit their rig generators with the APCD (as appropriate). These units will be 

equipped with the appropriate emission and noise mitigating equipment. 

Energy requirements and potential emission mitigations for the later phases of the research program will 

be determined after a detailed design of these phases is complete.  
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4d-4(v) A description of transportation facilities or rights of way necessary 

to provide energy to the operation 

 Right-of-way access includes local road Route 83, which cuts across the southern half of Section 34 

within the preference right lease area. Furthermore, utility corridors lie to the south and west of the 

proposed tract. Temporary overhead power lines and associated right-of-way will be required to bring 

electrical power from the nearest commercial power-supply location available at the time of startup. 

Additional natural gas is not expected to be required.  However, upon detailed design, if supplemental 

natural gas is required, a right of way will be required to tie in to local gas gathering and distribution lines 

to supply gas to the site. 

4d-5  A reclamation plan and schedule for all Federal lease(s), license(s), 

or permit(s) detailing all reclamation activities.  The reclamation 

plan will include for re-vegetation: (i) Proposed methods of 

preparation and fertilizing the soil prior to planting; (ii) Types and 

mixtures of shrubs, trees or tree seedlings, grasses or legumes to be 

planted; (iii) Types and methods of planting, including the amount of 

grasses or legumes per acre, or the number and spacing of trees or 

tree seedlings, or combination of grasses and trees.  

A reclamation plan has been developed for the project and is attached. 

4d-6  The method of abandonment of operations on Federal lease(s), 

license(s), and permits proposed to protect the un-mined recoverable 

resources and other resources, including the method proposed to fill 

in, fence or close all surface openings which are a hazard to people 

or animals.  For in situ operations a description of the method and 

materials used to plug all abandoned development/production wells 

must be included 

 

Once it has been determined that a well has no further use, nonpermanent downhole equipment will be 

retrieved (e.g., pumps used for production wells) and the well will be cemented back to surface to prevent 

migration of fluid within the casing.  During the experimental phases of the project, we anticipate that 

instrumentation (e.g., temperature, seismic, etc.) will be cemented in several of the monitoring wells.  

These wells will be left in their previously completed state with cement added to fill their casing back to 
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surface where necessary per BLM requirements.  Casing will be cut off below grade, a cap will be welded 

on, cellar will be back filled with the surface disturbance spoil and a P&A marker containing well data 

will be installed per BLM requirements.   

Method of abandonment for in situ operations should be performed similar to the above.  The 

determination will be based on the design and construction of said wellbores and BLM requirements.   

For Phase II small scale tests, abandonment operations are expected to begin in, and possibly extend 

beyond, year 4. 

For Phase III pilot, abandonment operations are expected to begin in, and possibly extend beyond, year 

10. 

ABBREVIATIONS: 
APCD  Air Pollution Control Division 
BLM  Bureau of Land Management 
CDPHE Colorado Department of Public Health & Environment 
DRMS       Division of Reclamation Mining & Safety 
FA  Fischer Assay 
POD  Plan of Development 
RD&D  Research, Development and Demonstration   
WRFO  White River Field Office 

 

ATTACHMENTS: 
Reclamation Plan  
Sampling and Analysis Plan for Surface and Ground Water 
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Reclamation Plan 

ExxonMobil Oil Shale RD&D Project 

 

1.0 INTRODUCTION 

This reclamation plan addresses the reclamation of land surface disturbances as a result of surface 

operations on the ExxonMobil oil shale RD&D lease. Subsurface well abandonment reclamation is 

addressed in Section (4d-6) of the POD. Surface disturbance of soils and vegetation at the ExxonMobil 

RD&D site will occur in various phases of project development. The most common surface disturbance 

activities will include road construction, well and facilities pad construction and pit construction for 

management of various fluids. Some pipeline or conduit construction may also occur. This plan proposes 

the general approaches to site reclamation with regard to initial surface clearing and excavation, top soil 

storage, interim reclamation, and final reclamation. The reclamation procedures presented in this plan will 

be implemented for each facility or structure planned or proposed as the project progresses. Revisions to 

this reclamation plan will occur as needed to address special circumstances or conditions. Furthermore, 

ExxonMobil will conduct reclamation in a manner consistent with the reclamation practices specified in 

the United States Bureau of Land Management (BLM) White River Resource Area Approved Resource 

Management Plan and requirements of the Colorado Division of Reclamation, Mining, and Safety 

(DRMS). 

 

This reclamation plan includes the following sections: 

 

 2.0  Pre-Disturbance Documentation 

 

 3.0  Construction Practices 

 

 4.0 Weed and Non-Native Species Management 

 

 5.0 Interim Reclamation 

 

 6.0 Final Reclamation 

 

2.0 PRE-DISTURBANCE DOCUMENTATION  

Photographs and written descriptions of the pre-disturbed area will be recorded prior to any surface 

disturbance, defined as any disturbance of soil or vegetation that results in its temporary or permanent 

removal and placement to a location other than its original natural location. Photographs will be taken 
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from permanent photo points or monuments marked with a unique identification number. A written 

description of the pre-disturbance conditions will be noted as follows: 

 

 Terrain grade and contour 

 

 General ground cover characteristics including soil, bedrock, and vegetation 

 

 A survey quantifying noxious and/or invasive weeds within the area of direct and indirect use 

(within 200 foot buffer of disturbed areas)   

 

 A notation of existing soil conditions with specific attention to existing soil erosion features such 

as gullies, rills and other erosional features 

 

ExxonMobil will work with the BLM to evaluate the applicability of using existing Natural Resource 

Conservation Service (NRCS) range or ecological sites or establishing a site specific reference site. 

Should a reference site be established, ExxonMobil will provide statistically valid quantitative reference 

site measurements of vegetation cover, vegetation composition, woody plant density, and percent bare 

ground. In addition, ExxonMobil will implement any pre-construction sampling and analysis of soils, 

vegetation, or other media as may be required in the BLM White River Resource Management Plan at the 

time of site construction. 

 

3.0 CONSTRUCTION PRACTICES  

A map of the proposed surface disturbance has been attached. Additional figures will be incorporated as 

detailed design of the later phases is complete. 

 

It is anticipated that construction practices for most shallow surface disturbance will be similar. Where 

possible, all new infrastructure and well pads will be constructed on old disturbance to the maximum 

extent possible. Each planned facility (e.g. road or pad) will be clearly ground staked for the planned 

lateral extent and vertical grade. Initial grading will be conducted with bulldozer (Caterpillar™ D6 to D9 

size, or equivalent) equipment.   

 

For facilities that involve deep excavation of subsoils, such as well pads on a slope or pipelines, 

excavation will be conducted with bulldozers, as feasible, and with excavators or trenchers. Topsoils will 

be managed as described in Section 3.2.  
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3.1 Vegetation Removal 

Vegetation reclamation includes management of vegetation removed during surface disturbance and site 

development and re-vegetation of surface disturbance during interim and final reclamation. Initial grading 

will include grubbing (clearing of shrubs and other vegetation) and removal and temporary storage of 

topsoil material. All low-growing non-woody vegetation material (grasses and forbs) will be incorporated 

into initial top soil stock piles. This work will be done with bulldozer equipment. Woody shrub material 

will be separated for chipping and shredding. Where necessary, trees will be cut to within 6-inches of the 

ground surface. 

 

The following practices will be implemented in accordance with the conditions of the lease: 

 

 Minimize vegetation removal to the extent necessary to allow for safe and efficient 

construction activities. 

 

 Trees removed during construction will be purchased from the BLM prior to removal; the 

operator will obtain a commercial vegetative materials removal permit from the WRFO-

BLM. 

 

 Trees will be cut with a chain saw or mechanical shears, and brush will be cut with a 

hydro-axe or similar equipment to within 6-inches of the ground surface.  

 

 Brush and woody material smaller than 4-inches in diameter will be chipped and 

stockpiled and later incorporated into top soil materials (stock piles or redistributed). 

 

 Tree and shrub stumps or root balls will be left in place except in areas requiring 

topsoiling, or as needed to create a safe and level workspace. 

 

 Woody material not chipped or shredded will be removed in whole (limbs intact) and 

stockpiled along the margins of the authorized use area. This material will be distributed 

on the re-contoured and seeded ground surface during reclamation. The distributed 

limbed material will be scattered across the re-contoured and seeded surface so as not to 

create heavy fuels concentrations and to effectively deter vehicle access. 

 

 Trees that are removed but that are not required for reclamation will be cut in maximum 

four-foot lengths and placed in stacks immediately adjacent to a public road to facilitate 

removal by the operator or the public. 

 

 Erosion control measures will be installed and maintained until re-established vegetation 

density is adequate to stabilize soils 

 

3.2 Soils 

This section addresses handling and management of soils on the lease during facilities construction. 
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Topsoil will only be used as a seed bed for reclamation. Under no circumstances will topsoil be used as a 

pipe bedding material, to fill sacks for trench breakers, or for any other use as a construction material. 

All topsoil will be salvaged and replaced to preserve and replace existing seed banks and return organic 

matter needed for seed establishment to the soil. Topsoil gathered during initial grading will be pushed by 

equipment blades, or excavated by shovel equipment and placed into shallow piles parallel to the edge of 

the facility being constructed (road, pad, pipeline, etc.).  Topsoil storage pile length will be dependent on 

topsoil volume and a maximum pile height of 4 feet. 

 

Subsoils excavated from deeper excavations such as pad cuts on slopes or for pipelines, will be stored in 

spoil piles adjacent to construction zones and operational facilities. Subsoils may be used as bedding 

material for pipelines, as suitable. 

 

3.3 Drainage Systems 

Appropriate figures will be developed to document the stormwater runoff drainage systems consistent 

with the Stormwater Management Plan (SWMP). The illustrated drainage systems may be revised from 

time to time and such revisions will be included in the SWMP.  

 

 All new roads and existing roads will be constructed and maintained according to BLM Manual 

9113 standards including the following:  

 

o Locate culverts or drainage dips in such a manner as to avoid discharge onto unstable 

terrain such as headwalls or slumps; 

 

o Provide adequate spacing to avoid the accumulation of water in ditches or road surfaces; 

 

o Install culverts with adequate armoring of inlets and outlets; 

 

o Monitor areas susceptible to road or watershed damage during periods of high runoff; 

 

o Keep inlet and outlet ditches, catch basins and culverts free of obstructions, particularly 

before and during spring run-off; and 

 

o Culverts and waterbars will be sized for the 10-year storm event with no static head, and 

to pass a 25-year event without failing. Best management practices (BMPs) associated 

with stormwater management/erosion control will be applied to the site during 

construction and drilling/completion operations. Wattles may be used for perimeter 

runoff control around the location and stockpiles. 
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 Gully crossings within lease tracts will conform to BLM Manual 9113 standards and be stable 

without erosion for 10-year storm events and not fail within 25-year storm events.  

 

 An impervious liner with a thickness of at least 24 mils will be required for any pits that contain 

fluids used for drilling. 

 

 Should erosion features (i.e. riling, gullying, piping and mass wasting on the surface disturbance 

or adjacent to the surface disturbance) occur as a result of RD&D activity, the features will be 

addressed immediately upon observation, by first contacting the BLM Authorized Officer and 

then submitting a plan to assure successful soil stabilization with BMPs to address erosion 

problems. 

 

For additional information concerning drainage systems and stormwater management, please refer to the 

ExxonMobil SWMP. 

 

3.4 Waste Management 

Various forms of waste material may be generated during the life of the project, and each waste will be 

managed in accordance with BLM and DRMS requirements. The following general procedures will be 

implemented for waste management at the RD&D lease site: 

 

 Drill cuttings containing no hazardous substances will be buried in drill cuttings pits at each well 

pad. 

 

 Groundwater produced during drilling, completion, and hydraulic testing of monitoring or other 

wells will be discharged to pits lined with impervious liners and netted for bird deterrence; such 

fluids may be evaporated, used as emergency firefighting water, or be transported off site to 

appropriate disposal facilities. 

 

 Vegetation that is removed from disturbed surfaces will be chipped or shredded and incorporated 

into topsoil storage piles. 

 

 Waste management of bulk oils, fuel oils, process fluids, produced oils and condensates or other 

hazardous wastes are addressed in the Spill Prevention, Control, and Countermeasures (SPCC) 

Plan; no such wastes will be disposed of on site. 

 

 Soils that may become contaminated by petroleum hydrocarbon spills or other contaminants will 

be removed and disposed of at a facility licensed to receive such waste, or remediated onsite in 

accordance with BLM and DRMS approvals. 

 

4.0 WEED AND NON-NATIVE SPECIES MANAGEMENT 

ExxonMobil will implement a comprehensive weed and non-native species management program at the 

RD&D least tract. The program includes elements that address weed and non-native species management 



  Reclamation Plan – ExxonMobil Oil Shale RD&D Project 

 
 

 
  Western Water & Land, Inc. 6 
 

from pre-construction through final abandonment and reclamation. The main components of the weed and 

non-native species management plan are as follows:  

 

 Conduct pre-construction field surveys to identify existing noxious weed infestations within areas 

of projected direct or indirect use (projected disturbance and a 200-ft buffer area). If significant 

areas of noxious weed infestations exist in these areas on the tract, the areas will be reported to 

BLM and treated using a BLM-approved treatment method, if required. 

 

 Require vehicles and equipment to arrive at the work site clean, power-washed, and free of soil 

and vegetation debris capable of transporting weed seeds or other propagules. 

 

 Prepare a site plan for inspecting and decontaminating all vehicles and equipment to prevent the 

spread of weeds. Plans will address weed free zones identified in the White River 1997 

ROD/RMP. Weed free zones are areas designated for intensive weed management through 

cooperation with private land owners and state and county governments. Maps of designated 

weed free zones are in the White River 1997 ROD/RMP.  

 

 Ensure that weed treatments are developed and conducted in an effective manner compatible with 

approved seed mixes. 

 

 Re-vegetate disturbed areas with approved, weed-free seed mixes. To reduce the need for 

repeated bare ground herbicide treatments around facilities, apply alternative methods such as 

gravel, weed barrier fabric, or low-growing, disturbance-tolerant herbaceous vegetation as 

approved by BLM White River Field Office (WRFO). 

 

 During operations and post-operations, weed monitoring will be conducted on an annual basis 

during the growing season, and if possible, prior to seeding of weed species. The results of a 

weed survey will be summarized and submitted to the BLM WRFO. Weeds that occur on site will 

be treated with a method approved by the BLM WRFO. 

 

5.0 INTERIM RECLAMATION  

To reduce confusion between reclamation phases and the ExxonMobil RD&D project phases, the term 

“stage” is used in this plan in place of “phase” with regard to reclamation work. The primary goal of both 

Stage I and Stage II interim reclamation is to stabilize disturbed soil surfaces that are no longer being used 

for site construction or operations. Interim reclamation occurs after maximum disturbance from 

construction and drilling activities and before site closure and final reclamation. 

 

5.1 Stage I Interim Reclamation 

Stage I interim reclamation will be implemented immediately following the construction. The purpose of 

Stage I interim reclamation is to stabilize and conserve recently disturbed soils. 
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5.1.1 Recontouring 

Stage I interim reclamation areas will be stabilized immediately following construction. Minor 

recontouring of topsoil and subsoil stockpiles to reduce slope grade will be conducted, if necessary. It is 

not anticipated that significant volumes of topsoil or subsoil will be moved from their original stockpile 

locations during the Stage I interim reclamation. 

 

5.1.2 Topsoil 

Topsoil stockpiles constructed during the construction phase will be examined for overall stability and 

potential for erosion. The goal is to stabilize the topsoil stockpiles until Stage II interim reclamation is 

conducted. This may be a relatively short period of time, perhaps a matter of a few weeks or months.  

The following Stage I interim reclamation actions for topsoil stockpiles may include, but are not 

necessarily limited to, the following: 

 

 Sharp crested topsoil stockpiles will be smoothed and re-contoured. Stockpile heights will be 

reduced and piles broadened when within the limits of the allowed disturbed area. 

 

 Seeding of topsoil stock piles will be conducted if stored for more than one month and stabilize 

with certified weed-free mulch or erosion control fabric; however, seeding can be delayed until 

the preferred seeding season between September 1 and March 15. Erosion fabric or other 

stabilization methods may be installed during the interim period. If drilling or construction 

activities have been completed during this period leading up to the seeding season, then Stage II 

reclamation activities will be implemented where appropriate. The composition of the seed mix 

may be affected depending on Stage I or Stage II interim reclamation and will be approved by the 

BLM. 

 

 Cut and fill slopes that will exist for more than one year will be seeded and stabilized during the 

Stage I or Stage II interim reclamation. 

 

 Vegetative and structural stabilization of cut and fill slopes will be implemented near water 

features. 

 

 BLM approved fencing may be installed around seeded topsoil piles depending on potential 

impacts from livestock and wildlife. 

 

 Soil stockpiles will be kept free of noxious weeds, construction debris, and trash. 

 

 Stormwater management features including but not limited to pad and road sloping, ditches, 

sediment control basins, and waterbars will be constructed in accordance with the SWMP. 
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5.1.3 Vegetation 

Stage I interim reclamation may involve seeding to establish vegetation that will help stabilize disturbed 

soils, including stockpiles of subsoils and topsoils. However, physical stabilization using methods such as 

erosion matting or fabric may also be used for Stage I interim reclamation. 

 

If seeding is the stabilization method of choice, the following measures will be implemented: 

 

 Recommended seeding times are between September 1 and March 15. 

 

 Prepare a seedbed by scarifying, tilling, harrowing, or roughening the ground surface prior to 

seeding where needed (compacted soils) to improve revegetation potential. 

 

 Complete drill and/or broadcast seeding prior to redistribution of woody material on reclaimed 

area. 

 

 Seeding will be conducted by drill seeding to ensure proper seed placement (broadcast seeding 

will be used only in areas where steep slopes make drill seeding impracticable, and seeding rates 

will be doubled). 

 

 Install and maintain erosion control measures until vegetation becomes established sufficiently to 

stabilize disturbed soils. All materials will be certified weed-free. 

 

5.2 Stage II Interim Reclamation 

Stage II interim reclamation will be implemented on all initially disturbed surfaces that will no longer be 

used for active site operations, e.g., surfaces not used for drilling, construction, or maintenance activities, 

or otherwise require vehicle access, equipment storage, or other direct surface use. Stage II interim 

reclamation will be implemented to accommodate the earliest possible seeding time after a structure or 

facility is completed. Seeding will be conducted in the period between September 1 and March 15.  Over 

the life of the project, figures will be developed to document the anticipated interim reclamation footprint. 

 

5.2.1 Recontouring 

 

 Stage II interim reclamation areas will be completed within 6 months after active drilling and 

construction are concluded at the site. Recontouring of topsoil and subsoil stockpiles to reduce 

slope grade and maximize the area of interim reclamation will be conducted, as suitable and if 

necessary. Initially disturbed areas that are no longer needed for construction or maintenance will 

be reclaimed.  
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 Soils that have been compacted due to heavy surface equipment will be ripped prior to topsoil 

placement or seeding. 

 

 In areas to be backfilled, such as cuts, rock that is not to be used in erosion control will be placed 

first followed by placement of available subsoils. 

 

 Re-contouring of subsoils will be conducted to reduce abrupt grade changes and provide a 

gradational slope between the disturbed area and the surrounding natural landscape. 

 

 Stormwater drainage features will be maintained as described in the SWMP. 

 

5.2.2 Topsoil 

 

 Topsoil will be redistributed on all re-contoured subsoils that are to be reclaimed under Stage II 

reclamation, including stable cut and fill slopes.  

 

 Excess topsoil to be used in final reclamation will be left in shallow (less than 4 feet) stockpiles 

adjacent to construction zones and operational facilities. 

 

 If required, topsoil that has been stockpiled for an extended period of time (6 months or greater) 

will be chemically tested for nutrient viability. 

 

 Topsoil may be placed with the use of bulldozers and other heavy to medium-duty equipment. 

 

 The redistributed topsoil thickness will be based on available stockpile volumes and the average 

natural topsoil thickness in the area. 

 

 The interim reclaimed surface will have adequate surface roughness to reduce surface runoff. 

 

5.2.3 Revegetation 

 

 Cut and fill slopes that will exist for more than one year will be seeded and stabilized during the 

Stage I or Stage II interim reclamation. 

 

 Seeding will be conducted on surfaces that received topsoil in accordance with a BLM approved 

seed mix and at the recommended rate. Seeding may be conducted with a range drill with the 

exception of slopes that cannot safely accommodate this equipment. Broadcast seeding may be 

conducted on steep slopes using an application rate that is double the range drill rate. 

 

 Certified weed-free mulch will be applied in accordance with BLM-approved mulching rates; 

other stabilization may be applicable, as required, depending on ground and slope conditions. 

 

 Stockpiled woody vegetation material will be scattered evenly across the reclaimed areas where 

the material originated not to exceed 20 percent total ground cover. 
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 Chipped woody material will be scattered across the reclaimed areas in a manner that avoids 

concentration of a heavy mulch that may suppress growth of desirable vegetation. 

 

 Reclaimed areas will be managed for the control of noxious weeds on the State of Colorado A 

and B lists of noxious weeds. 

 

 When necessary, BLM approved fencing will be installed to protect revegetated areas from 

detrimental impacts from wildlife and livestock. 

 

 Stage II reclamation will be inspected for success using criteria as designated by the BLM. 

 

When they are available, the appropriate figures will be provided detailing the Stage II interim 

reclamation footprint including the extent of recontouring, any areas put into final contours, and the 

means employed to maximize the extent of disturbance available for effective reclamation (e.g., 

placement of production facilities).  

 

6.0 FINAL RECLAMATION 

Final reclamation will be implemented after the operational life of the facilities has ended and facilities 

and structures are removed or otherwise properly reclaimed (wells plugged, buildings dismantled, power 

lines removed, etc.). Final reclamation consists of recontouring of the land surface to its natural, pre-

disturbed condition, redistribution of soils and rock to their relative vertical profiles, reconditioning soil 

structure (decompaction) where necessary, and establishing desired natural vegetation and ground cover 

to pre-disturbance conditions. The goal of final reclamation is to restore the land surface and subsurface 

to pre-disturbance or near pre-disturbance conditions to meet the existing land use requirements. 

 

6.1 Recontouring 

Recontouring consists of preparing and regrading the disturbed land surface to a grade comparable to the 

pre-disturbed surface. The following practices will be implemented during site recontouring construction: 

 

 Earthwork for final reclamation areas will be completed within 6 months after well plugging 

and removal of other constructed surface facilities. The actual reclamation schedule may be 

affected by the optimal seeding time of September 1 through March 15 in addition to any 

BLM Conditions of Approval. 

 

 In areas to be backfilled, such as cuts, placement of rock and subsoils will be placed in 

stratigraphic order as they are naturally positioned at the site; i.e. from deepest to shallowest: 

bedrock, weather bedrock, subsoils and top soil. 
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 Soils that have been compacted due to heavy surface equipment will be ripped prior to topsoil 

placement or seeding. 

 

 Re-contouring of subsoils will be conducted to reduce abrupt grade changes and provide a 

gradational slope between the disturbed area and the surrounding natural landscape. 

 

 All pre-construction drainage patterns will be restored. 

 

 Stormwater drainage features will be removed except as designated by regulatory agencies. 

 

6.2 Topsoil 

Topsoil management for the project will include stockpile storage and other temporary placement during 

interim reclamation phases. Final reclamation will require that all previously removed topsoil be used for 

redistribution on the final reclaimed land surface. The following measures will be implemented for topsoil 

during final reclamation: 

 

 If required, topsoil that has been stockpiled for an extended period of time (6 months or 

greater) will be chemically tested for nutrient viability. 

 

 Topsoil will be redistributed on all re-contoured subsoils that are to be reclaimed under final 

reclamation, including stable cut and fill slopes.  

 

 Topsoil may be placed with the use of bulldozers and other heavy to medium-duty 

equipment. 

 

 The redistributed topsoil thickness will be based on available stockpile volumes and the 

average natural topsoil thickness in the area. 

 

 The final reclaimed surface will have adequate surface roughness to reduce surface runoff. 

 

6.3 Vegetation 

Eventual re-vegetation of the topsoil using a BLM-approved seed mix is critical in regaining site soil 

stability and obtaining near pre-disturbance conditions. The following measures will be implemented for 

the re-vegetation phase of final reclamation: 

 

 The topsoil seedbed will be prepared by scarifying, tilling, harrowing, or roughening the 

ground surface prior to seeding where needed (compacted soils) to improve revegetation 

potential. 

 

 Seeding will be conducted on surfaces that received topsoil in accordance with a current 

BLM approved seed mix and at the recommended rate. 
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 Seeding methods may be conducted by range drill seeding methods to ensure proper seed 

placement (broadcast seeding will be used only in areas where steep slopes make drill 

seeding impracticable, in such cases, seeding rates will be doubled). Seeding will be 

conducted between September 1 and March 15. 

 

 Certified weed-free mulch will be applied in accordance with BLM-approved mulching 

rates; other stabilization may be applicable, as required, depending on ground and slope 

conditions. 

 

 Complete drill and/or broadcast seeding prior to redistribution of woody material. 

 

 Stockpiled woody vegetation material will be scattered evenly across the reclaimed areas 

where the material originated not to exceed 20 percent total ground cover. 

 

 Chipped woody material will be scattered across the reclaimed areas in a manner that 

avoids concentration of a heavy mulch that may suppress growth of desirable vegetation. 

 

 When necessary, BLM approved fencing will be installed to protect revegetated areas 

from detrimental impacts from wildlife and livestock. 

 

 Erosion control measures will be maintained until vegetation is sufficiently established to 

stabilize disturbed soils. All materials will be certified weed-free. Once vegetation is 

approved as sufficiently established, remaining erosion control structures will be 

removed in accordance with BLM requirements, and any final reclamation of such 

features will be conducted consistent with final reclamation procedures. 

 

 Reclaimed areas will be managed for the control of noxious weeds on the State of 

Colorado A and B lists of noxious weeds. 

 

 Final reclamation will be inspected for success using criteria as designated by the BLM 

and DRMS. 
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1.0   INTRODUCTION 

The purpose of this Surface Water & Groundwater Monitoring Plan (Plan) is to describe the 

hydrologic monitoring program being implemented in support of the ExxonMobil Exploration 

Company (EM) oil shale research, development and demonstration (RD&D) project in Rio 

Blanco County, Colorado (Figure 1). The Plan provides a description of the surface-water and 

groundwater sampling locations, monitoring well construction details and completion intervals, 

sampling methods, sample custody, quality control sampling, sampling schedules, sample 

analysis and analytical protocols, and data management. The procedures and protocols specified 

in the plan are designed to ensure consistent high-quality collection, analysis, and management of 

surface-water and groundwater data. Because initial exploration of the subsurface has not yet 

been conducted, proposed well numbers, designs, completion intervals, and sampling procedures 

are considered provisional in this Plan. The Plan will be amended as necessary to incorporate any 

significant modifications to well design and sampling procedures and protocols. 

 

The scope of work for the surface-water and groundwater monitoring program is designed to:       

 

 Establish groundwater and surface-water baseline conditions as benchmarks for 

operational & post-operational monitoring; 

  

 Characterize the groundwater regime in support of project operations and goals; and  

 

 Comply with Colorado Division of Reclamation, Mining, and Safety (DRMS) and U.S. 

Bureau of Land Management (BLM) regulatory requirements. 

 

According to DRMS policy, oil-shale testing and extraction activities have the potential for 

release of hazardous constituents to the environment. For all such activities conducted under 

DRMS jurisdiction, a hydrologic baseline study is required prior to any activity that has the 

potential to impact the hydrologic balance (aquifer water quality or quantity). DRMS requires that 

a minimum of 5 consecutive quarters (3-month periods) of water quality baseline data be 

submitted from key aquifers downgradient, and if preferred by the operator, upgradient of the 

planned extraction activity prior to potential impact activities. 

 

In addition, this plan meets conditions of approval within the oil shale lease issued by the BLM. 
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It is anticipated that natural gas monitoring may be conducted in conjunction with the surface and 

groundwater monitoring program. Therefore, natural gas monitoring procedures and protocols are 

included in this Plan. 

 

The remainder of the Plan is organized as follows: 

 

 Section 2.0 – Surface Water  

 

 Section 3.0 – Groundwater  

 

 Section 4.0 – Natural Gas  

 

 Section 5.0 – Equipment Decontamination 

 

 Section 6.0 – Sample Custody  

 

 Section 7.0 – Quality Assurance/Quality Control 

 

 Section 8.0 – Sample Analysis and Analytical Protocols 

 

 Section 9.0 – Data Management  

 

2.0 SURFACE WATER 

Surface-water monitoring will be conducted to establish baseline conditions and to monitor 

water-quality and quantity conditions during subsequent RD&D operations. EM’s Plan of 

Operations indicates that surface-water monitoring stations will be established at four locations; 

two stations will be established on Ryan Gulch, and two stations will be established on Yellow 

Creek. However, based on further analysis, surface-water monitoring is no longer recommended 

on Ryan Gulch because of the lack of a defined stream channel and the ephemeral nature of Ryan 

Gulch within the reach adjacent to and downgradient of the EM site. For Yellow Creek, one 

monitoring station may be located upstream and one monitoring station will be located 

downstream of EM’s lease tract. Proposed locations for the two surface-water monitoring stations 

on Yellow Creek are shown in Figure 2. The proposed locations may be modified depending on 

access restrictions and channel flow characteristics. The sites will be marked in the field, and the 

Global Positioning System (GPS) location of each site will be recorded in a bound field notebook.  

The GPS location will be affirmed during each subsequent sampling event. 
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2.1   Monitoring Schedule 

For the baseline monitoring program, surface-water samples and flow measurements will be 

collected on a quarterly frequency (once every 3 months) at each of the monitoring stations 

specified in this Plan; each sampling event will include collection of surface-water and 

groundwater samples. Following completion of the baseline monitoring program, sampling 

frequency may be modified to accommodate operations and post-operations phases of the project. 

If no flow is present during a sampling event, the field records will indicate a “no flow” 

condition. 

 

2.2   Monitoring Equipment 

The following equipment and supplies are anticipated for use to conduct the surface-water 

monitoring program: 

  

 Mechanical propeller-type, electronic, or electromagnetic flow meter 

 

 Bucket and stop watch  

 

 Water quality field instruments for measurement of pH, conductivity, temperature, 

oxidation-reduction potential (ORP), dissolved oxygen, and turbidity 

 

 Analytical laboratory-supplied clean sample bottles 

 

 Analytical laboratory-supplied sample preservatives 

 

 Sample labels 

 

 Insulated containers (coolers) for sample storage and shipment 

 

 Ice for sample preservation during storage and shipment 

 

 Peristaltic pump and DC power 

 

 New, clean peristaltic pump tubing, and 0.45-micron filters for field filtration 

 

 Field logbook, surface-water monitoring forms, chain-of-custody forms, and labels and 

shipping bills for sample shipment 

 

 Camera 

 

 Field laptop computer 
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 Cell phone and/or two-way radios for communication with other site personnel 

 

 Satellite transceiver (GPS locator beacon) 

 

 Miscellaneous supplies (transfer containers or carboys, nitrile gloves, personal protective 

equipment [PPE], waders, tape measure, and necessary keys) 

 

 All other items necessary for sample collection and documentation per industry-accepted 

protocols 

 

2.3   Sample Collection Procedure 

A unique site name will be designated for each monitoring station. Each sample collected will be 

labeled to show the company name, sample identification (site name), date and time, collector 

initials, preservatives used, and general analysis required. The collection date will be used to 

distinguish between samples collected at the same station over time. Sample locations and 

designations will be recorded in a field logbook. One Quality Assurance (QA) sample (duplicate) 

will be collected for each 10 samples collected for both surface-water and groundwater per 

sampling event. When warranted, sample splits for Quality Control (QC) purposes will also be 

taken during sampling. Quality Control is further described in Section 7.0. 

 

At surface-water locations where water is of sufficient depth, water will be collected in situ by 

partially submerging the container in the water source. If wading in the stream is necessary, 

bottles will be filled upstream of where the sampler is standing. The channel upstream of the 

selected collection point will not be disturbed at any time. When filling, bottles will be positioned 

upstream of the sampler’s hand. Care will be taken not to overfill containers containing 

preservative. When necessary, a clean transfer container will be used to fill other sample bottles. 

For water samples that must be filtered, a peristaltic pump will be used with new clean pump 

tubing and a portable power source to pump water directly from the water source or the transfer 

container. A new, clean 0.45 micron filter will be used to field filter the water. In shallow water, 

the pump and tubing will be used to pump water for all sample containers directly from the 

source. When access is particularly difficult and depth of water is adequate, a carboy of water 

may be collected and packed to a convenient pumping location.  

 

A U.S. Geological Survey 7.5 minute or similar scale topographic map will be used as a base 

map. Sample collection locations will be identified on the map on the basis of field mapped 
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locations or GPS coordinates measured during sampling. Where applicable, a sketch of the 

sample sites will be prepared to show the sample locations and general site features. A 

photograph of the channel discharge at each sampling site will be taken during each sampling 

event. 

 

2.4 Stream Discharge Measurement 

Stream discharge will be measured using methods described by Linsley and others (1982). 

Briefly, this method entails measuring stream velocity at evenly distributed points on a transect 

across the stream surface from bank to bank. Stream transects will be selected that exhibit the 

most uniform flow and non-turbulent conditions. Measurement stations are selected such that no 

more than an estimated 10 percent of the total flow occurs between stations. The distance from 

the starting bank to the measurement point is recorded along with the stream depth at that 

location. In shallow streams, usually less than 1.5 feet in depth, velocity is measured at six tenths 

(total depth times 0.6) or 60 percent of the total depth. In deep streams greater than 1.5 feet in 

depth, velocity will be measured at the two and eight tenths of total depth (0.2 and 0.8 times total 

depth). The average velocity is calculated for these two depths. Total calculated discharge is the 

sum of the products of the average velocity times the area represented between the midpoints 

between measurement stations. 

 

Field notes will include a description of the stream channel characteristics and other information 

pertinent to the discharge calculation. 

 

3.0 GROUNDWATER 

The groundwater monitoring component of the hydrologic characterization consists of monitoring 

water levels in onsite wells and collecting groundwater samples for laboratory analysis. Water-

level monitoring will be conducted to assess horizontal flow directions and gradients in the 

monitored units, vertical gradients between the units, and water-level trends recorded over the 

monitoring period. Groundwater sampling will be conducted to obtain the water-chemistry 

information needed to support testing operations and to establish baseline chemistry of the 

monitored units in accordance with DRMS and BLM requirements. Baseline water levels and 
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water chemistry provide benchmarks for comparison to operational and post-operational 

monitoring results. 

 

3.1   Monitoring Well Design 

Monitoring wells will be designed to monitor specific hydrostratigraphic units in accordance with 

DRMS requirements. Monitoring well completion intervals have been selected to provide 

monitoring of water-quality within the closest hydrostratigraphic units above and below the 

targeted mining zone which extends from the R-4  through the R-0 (from the lower Parachute 

Creek Member through the upper Garden Gulch Member of the Green River Formation). Based 

on existing data in the vicinity of the EM lease tract, the nearest hydrostratigraphic unit above the 

target zone is expected to be present immediately above the dissolution surface and is referred to 

herein as the L-5 Hydrostratigraphic Unit (L5). The groundwater monitoring interval underlying 

the target zone is expected to include strata of the lower Garden Gulch Member of the Green 

River Formation and is referred to herein as the LGG Unit (LGG). In addition to these monitoring 

units, groundwater within the B-Groove Hydrostratigraphic Unit (B-Groove) will also be 

monitored. The B-Groove is typically a prolific water-yielding unit capable of supplying water of 

sufficient quality for beneficial uses within the Piceance Creek Basin. The proposed drill pads 

and monitoring wells completed within the B-Groove, L5, and LGG units at each pad will be 

located as shown in Figure 3. The South MW Pad will initially be constructed, and the three 

monitoring wells on the South MW Pad will be used to conduct characterization of baseline 

groundwater conditions at the site in accordance with DRMS requirements (5 quarterly sample 

events). Additional monitoring well pads and wells may be constructed in the future at the 

potential locations shown for the North MW Pad and East MW Pad. Additional monitoring wells 

may also be installed on one or more of the drill pads in the future for research-specific purposes.  

Generalized well completion diagrams for wells completed within each hydrostratigraphic unit 

are presented in Figures 4 through 6. Well design generally consists of cemented casing above the 

open monitoring interval (open borehole). The open interval approach simplifies well 

construction and enhances well performance. The competent strata of the Parachute Creek 

Member have demonstrated that this type of well design is preferred in the Piceance Creek Basin. 

 

It is anticipated that a wellhead assembly may be installed on each monitoring well to control the 

potential release of natural gas in the well. If present, natural gas will be safely released from the 
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well and portions of the wellhead assembly will be removed when access to the well is required 

for monitoring.  

 

3.2   Monitoring Well Installation 

In accordance with Rules and Regulations for Water Well Construction, Pump Installation, 

Cistern Installation, and Monitoring and Observation Hole/Well Construction (Colorado Code of 

Regulations 2 CCR 402-2), all monitoring wells will be drilled by a licensed drilling contractor 

and will comply with the standards of Rule 10 (Minimum Construction Standards for Water 

Wells). Final well construction and completion details will be designed on the basis of geologic, 

hydrologic, geophysical information obtained from the core hole (also referred to as appraisal 

well) on each drill pad. Hydrologic data will be collected as appropriate during drilling 

operations. Such data may include changes in groundwater yield (flow rates) and water chemistry 

field parameters such as pH and conductivity.  

 

3. 3 Monitoring Well Development 

Well development is a critical step in the monitoring well installation process. The objectives of 

well development are to remove drilling fluids (drilling additives, formation water from up-hole 

strata, and surface water used during the drilling process) introduced to the open interval (not 

cased) and surrounding formation and remove fine-grained materials from the open interval, and 

thereby reducing wellbore skin effect for future hydraulic studies and ensuring collection of water 

samples representative of formation groundwater.  

 

Well development will be accomplished by removing a minimum of three casing volumes from 

the well, after which pumping will continue until field parameter stabilization. Portable field 

instruments will be used to monitor field parameters during development. The parameters 

monitored will include temperature, specific conductance, dissolved oxygen (DO), pH, and 

oxidation-reduction potential (ORP). Measurements will be periodically recorded at a time 

interval sufficient to evaluate parameter trends (usually 5 to 15 minute periods) during the 

development of each well. The following general criteria will be used to signify field parameter 

stabilization; however, the criteria may be slightly adjusted as necessary when attainment of the 

general criteria is not feasible: 
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 pH: + 0.1 s.u. 

 

 Temperature: + 3% 

 

 Specific conductance(SC): + 5% for SC < 100 μS/cm and + 3% for SC > 100μS/cm 

 

 DO: + 10% for DO > 0.5 mg/L; three consecutive values at < 0.5 mg/L   

 

 ORP: + 10 millivolts 

 

 Turbidity: + 10% for NTU > 5; three consecutive values at < 5 NTU 

 

Well discharge may be monitored using an inline totalizing flow meter, and manual 

measurements will periodically be obtained by using a 5-gallon bucket at the end of the discharge 

pipe. Where appropriate, a pressure transducer will be used to assess the initial well drawdown 

responses during development.  

 

3.4   Monitoring Schedule 

Baseline groundwater quality will be established by measuring water levels and collecting 

groundwater samples for a minimum of five quarters from each of the baseline monitoring wells 

discussed above. If samples cannot be collected from a well because of dry or low-yield 

conditions, the field records will document that dry or low-yield conditions prevented sample 

collection, and evidence will be provided to demonstrate the dry or low-yield condition. The 

monitoring frequency may be adjusted as appropriate for the operations and post-operations 

phases of the project based on results of the baseline study and operational parameters and 

schedules.   

 

3.5   Monitoring Equipment 

The following equipment and supplies are anticipated for use to conduct the groundwater 

monitoring program: 

 

 Water level indicator 

 

 Electric submersible pump(s) (ranging in size from 1 to 5 horsepower); alternatively, 

micropurge systems may be used for sample collection 
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 Nitrogen cylinders and associated pressure regulators and gas tubing 

 

 Electronic pressure transducers and data logging instruments 

 

 Portable generator, all-weather electric cables, and grounding equipment 

 Wellhead discharge piping assembly with sample port  

 

 Discharge hoses to convey purge water to discharge pit, aboveground tank, or truck-

mounted tank 

 

 In-line totalizing flow meter and graduated bucket and stop watch for discharge 

measurement 

 

 Water quality field instruments for measurement of pH, conductivity, temperature, ORP, 

dissolved oxygen, and turbidity 

 

 Handheld photoionization detector or equivalent multi-gas monitoring meter 

 

 Analytical laboratory-supplied clean sample bottles 

 

 Analytical laboratory-supplied sample preservatives 

 

 Sample labels 

 

 Insulated containers (coolers) for sample storage and shipment 

 

 Ice for sample preservation during storage and shipment 

 

 Peristaltic pump and DC power supply 

 

 New, clean peristaltic pump tubing, and 0.45-micron filters for field filtration 

 

 Field logbook, groundwater monitoring forms, chain-of-custody forms, and labels and 

shipping bills for sample shipment 

 

 Electric winch and reel for deploying pressure transducers or other downhole equipment 

 

 Field laptop computer 

 

 Camera 

 

 Cell phone and/or two-way radios for communication with other site personnel 

 

 Satellite transceiver (GPS locator beacon) 

 

 Miscellaneous supplies (transfer containers or carboys, Nitrile
®
 gloves, personal 

protective equipment [PPE], tape measure to record well stickup, and keys to wellhead 

padlocks) 
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The appropriate sampling procedure for each monitoring well will be identified on the basis of 

the information obtained during initial drilling and logging operations. It is anticipated that the 

procedures may include the use of submersible pumps, low-flow (micropurge) systems, discrete 

wireline sampler, and/or top-filling bailer. Other equipment may be substituted for or used to 

supplement the above list due to cost benefits or engineering and technological advantages.  

 

3.6   Monitoring Procedures 

Field documentation will be recorded on the forms presented in Appendix A. Water-level 

measurement and groundwater sampling will be accomplished in accordance with the procedures 

described below. Care will be taken to avoid using any procedure that could cause an ignition of 

flammable natural gases that may be present. A gas-monitoring meter will be used to measure for 

the presence of gases and the lower explosive limit before working at a wellhead. 

 

3.6.1 Water-Level Measurement 

A combination of methods may be used to monitor water levels in monitoring wells, including 

pressure transducers to record hydrostatic pressures, hand-held indicators to measure depths to 

water, and possibly down-hole video cameras to identify water surfaces. Where feasible, pressure 

transducers may be installed in wells to continuously monitor water levels over time. The 

pressure transducer readings will be supplemented with periodic measurements from hand-held 

indicators in wells at which the depths to water are within the limit of the indicator. Down-hole 

video cameras may be used to periodically measure the depth to water in wells where depths to 

water are greater than the limit of the indicator and/or the use of pressure transducers were not 

feasible. In addition, well conditions may not be favorable for certain instrumentation. The use of 

pressure transducers may not be feasible where obstructions within the open interval prevent 

instrument passage; the potential exists for instrument loss or damage due to caving or condition 

of an open borehole, or natural gas or bitumen would interfere with readings.  

 

The continuous pressure transducer record at each well will be downloaded to a laptop computer 

at least every quarter. The downloaded data will be corrected for barometric influences, when 

significant influences are observed, using onsite barometric pressure readings. The corrected data 

will be used to construct plots of water levels over time. The pressure transducers will also be 
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used to monitor drawdown during pumping operations (well development and hydraulic testing) 

and ensure drawdown does not exceed the criteria specified for micropurge (low-flow) sampling 

methods.  

 

Hand-Held Water Level Indicator 

The following protocols will be implemented when using a hand-held indicator to measure water 

levels: 

 

 Establish a measurement mark on top of the well casing; for consistency, the 

measurement marks will be placed on the north side of the casing. The mark should 

preferably be permanent, such as notch etched with a file. If the mark has worn off, re-

mark the casing. Do not use a marking method that may cause a spark at wells that are 

known to be venting flammable natural gas. 

 

 Measure and record the height of the well casing (stick-up) as the distance from the top of 

the casing to the ground surface. 

 

 Assure that the water-level indicator (probe) has been decontaminated. 

 

 Perform a battery check to ensure the water-level indicator is functioning properly. 

 

 Lower the probe into the well’s water level access pipe, if present, until static water level 

is encountered, signified with audible alarm and indicator light. Care should be taken if 

the well contains pumping equipment without a water level access pipe – the water level 

indicator tape may become entangled in the pumping equipment. 

 

 Read depth to water as measured to the top of the well casing at the marked measuring 

point to the closest one hundredth of a foot (0.01 ft). Check and re-check depth measured. 

 

 Record the well ID, date, time, well stick-up, and measured depth to water in bound field 

logbook. 

 

 Retrieve probe from well; use wetted clean cloth to clean tape as it is retrieved from the 

well. 

 

 Decontaminate water-level probe with solution of Alconox® (or equivalent) and clean 

distilled water followed by distilled water rinse.    

 

 Install and secure the well cap. 

 

Pressure Transducers 

Pressure transducers will be decontaminated prior to deployment to a well. Stored pressure data 

from the pressure transducers will be downloaded to a laptop computer using vendor-provided 
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software and conventional electronic data-transfer methods. Depending on the pressure 

transducer used, downloading data may require that the transducer be removed from the well. In 

this case, precautions will be taken such that the transducer cable does not become contaminated 

during or after removal from the well.  

 

3.6.2 Groundwater Sampling 

In the interest of efficiency, the initial (first quarter) groundwater sample at each well will be 

collected immediately following well development by using the submersible pump used for well 

development. Upon completion of well development and stabilization of field parameters, pump 

discharge will be reduced and a portion of the flow from the well will be diverted through the 

sample port for field parameter measurement and sample collection. During subsequent sampling 

events (quarters 2 through 5 as well as operational/post-operational monitoring), micropurge 

sampling methods will be used when feasible. It is anticipated that micropurge sampling will be 

used to collect samples at the B-Groove and L5 monitoring wells but that well conditions may be 

unfavorable for use of micro-purging systems in the LGG wells. The unfavorable conditions in 

the LGG wells may include natural gas and other hydrocarbon production, depth to water, open 

hole integrity, low water yield, and presence of suspended material such as clay or bitumen in the 

water column. If such conditions are present, an alternate sampling method such as use of a 

wireline discrete sampler or top-filling bailer will be used to sample LGG wells. 

 

Low-Flow Sampling 

The use of low-flow samplers (also referred to as micropurge) is the preferred sampling method, 

when feasible, because (1) studies have shown the method produces high quality data by utilizing 

simple, accurate, and reproducible techniques that minimize stresses on the well, (2) the amount 

of purge water generated and ultimately managed onsite is greatly reduced, and (3) the method is 

cost effective. Low-flow sampling is accepted by the U.S. Environmental Protection Agency 

(EPA) as a viable means to collect groundwater samples in wells. Numerous commercial and 

non-commercial low-flow systems are possible options for the project. These include dedicated 

and portable systems. An appropriate low-flow system will be selected that will best meet the 

data-quality goals, sampling logistics, system longevity and overall cost. 
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Following collection of the first quarter samples, a dedicated low-flow (micropurge) system will 

be installed in each well found to be suitable for low-flow sampling. Each dedicated system will 

be used to collect groundwater samples during subsequent sampling events.   

 

The low-flow system selected for use at the EM site will dictate the specific procedure to be 

implemented during each sampling event. Regardless of the specific system selected, the 

following guidelines will be used during low-flow sampling:  

 

 Measure and record water level prior to engaging sampler. 

 

 Continuously monitor water level during purging to ensure minimal drawdown in the 

well; generally maintaining a drawdown of less than 0.33 feet (Puls and Barcelona, 

1996). 

 

 Purge a minimum of one tubing volume (including volume of water in pump or sample 

chamber and tubing) prior to recording water-quality indicator parameters. Then monitor 

and record water-quality parameters every three to five minutes. Water-quality 

parameters include pH, temperature, specific conductance, DO 

 

 Water-quality stabilization criterion is based on three successive readings. The 

stabilization criteria are as follows:  

 

 pH: + 0.1 s.u. 

 

 Temperature: + 3% 

 

 Specific conductance(SC): + 5% for SC < 100 μS/cm and + 3% for SC > 

100μS/cm 

 

 DO: + 10% for DO > 0.5 mg/L; three consecutive values at < 0.5 mg/L   

 

 ORP: + 10 millivolts 

 

 Turbidity: + 10% for NTU > 5; three consecutive values at < 5 NTU 

 

 The sample is collected once the stabilization criteria are met. 

 

Wireline Discrete Sampler 

Discrete sampling is used to collect samples at specified depths in the wells. The sampler may 

consist of a stainless steel cylindrical vessel lowered in the well by way of a wireline. The 

sampler valve is generally operated by a motorized, o-ring sealed valve that opens and closes a 

chamber valve allowing fluid collection. Once on the surface, the water sample is collected by 



 

Surface water & Groundwater Monitoring Plan 

 

   

 Western Water & Land, Inc. 14  

opening a manual valve at the bottom of the probe’s sample chamber. Prior to deployment, the 

discrete sampler is thoroughly decontaminated by brushing any gross contamination off the 

apparatus, followed by washing and scrubbing all of the equipment that may come in contact with 

the sampling water using a phosphate-free detergent (Alconox
®
). The apparatus is rinsed with 

distilled water and dried by either air drying or by wiping with clean paper towels. Several “runs” 

with the sampler may be required to obtain the amount of water required for sample analysis. 

 

Top-Filling Bailer 

The top-filling bailer method will be used only if well conditions prevent the use of any other 

sampling method. The bailer is used to obtain a sample of water from the top of the water column 

in the well. Prior to deployment, the bailer is thoroughly decontaminated by brushing any gross 

contamination off the apparatus, followed by washing and scrubbing all of the equipment that 

may come in contact with the sampling water using a phosphate-free detergent (Alconox
®
). The 

bailer is rinsed with distilled water and dried by either air drying or by wiping with clean paper 

towels. Several “runs” with the bailer may be required to obtain the amount of water required for 

sample analysis. 

 

General Sampling Protocols 

Groundwater sampling will be accomplished in accordance with the following general procedures 

and protocols: 

 

 Portable water quality meters used to measure field parameters (pH, conductivity, 

temperature, ORP, DO, and turbidity) will be calibrated daily prior to collection of the 

first sample. Calibration will be performed in accordance with manufacturers’ 

specifications. 

 

 The wellhead discharge piping assembly will be connected to the surface discharge pipe 

at the wellhead. The total volume of water purged from the well will be measured using a 

totalizing inline flow meter or calibrated equipment (e.g., tank or bucket). 

 

 The electric submersible pump used during well development and initial sample 

collection will be powered with an appropriate portable on-site generator and pump rate 

will be controlled with a variable frequency drive (VFD) controller. All electrical 

connections will use all-weather electric cables. All electrical equipment will be 

grounded and fit with ground fault interruption protection. 

 

 If a totalizing inline flow meter is used, the initial flow meter reading will be recorded 

prior to removing any water from the well. 
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 Field parameters will be measured after sampling equipment is engaged and periodically 

during purging approximately every 5 to 15 minutes. 

 

 When an electric submersible pump is being used to collect the initial quarterly sample at 

each well, the flow rate from the well will be measured from inline meter readings and/or 

at the end of the discharge pipe or hose using a calibrated bucket and stop-watch. At a 

minimum, measurements will be taken initially after the submersible pump equipment is 

engaged and immediately before or after sample collection. 

 

 Sampling personnel will make note of any gas production at each well and monitor the 

H2S and lower explosive limit (LEL) levels encountered during purging.  

 

 An appropriate volume of water will be purged from the well before sample collection; 

for low-flow samplers (micropurge) this includes one complete volume of the sampling 

apparatus followed by continued purging until parameter stabilization. For conventional 

pumping, a minimum of 3 well volumes (casing volume plus open-hole interval volume 

or screened diameter interval volume). 

 

 Samples will not be collected until field parameters of pH, specific conductance, 

temperature, DO, ORP, and turbidity have generally stabilized from three consecutive 

rounds of parameter measurements after the required total purge volume has been 

attained. 

 

 Once field parameters have stabilized and the appropriate volume of water has been 

purged from the well, water quality samples will be collected for laboratory analysis. 

Samples will be collected as follows: 

 

o Field parameters will be measured and recorded immediately prior to and after 

sample collection. 

 

o Samples will be collected by diverting a portion of the flow from the well 

discharge pipe through the sample port and directly into the sample containers. 

Flow through the port will be reduced to ensure low, even flow. 

 

o Volatile and gas sensitive analytes should be collected first (e.g. volatiles, semi-

volatiles, TPH, GRO, DRO, BTEX, methane, alkalinity, Fe2+), and inorganic 

parameters should be collected next with filtered samples last. Headspace 

bubbles will not be allowed during collection of water in volatile organic 

compound vials. Care will be taken to not overfill containers containing 

preservative.  

 

o When required, samples will be filtered in the field. When sufficient pressure is 

available at the well head, filtration will be conducted by attaching new flexible 

sample tubing and a 0.45 micron disposable filter directly to the sample port. If 

pressure is too low, a portable peristaltic pump will be used with the flexible 

tubing and 0.45 micron disposable filter to pump from a clean transfer container 

to fill sample bottles. 
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o Sample labels showing the sample identification, date, time of collection, and 

sampler(s) initials will be affixed to each sample bottle. 

 

o Sample containers will be placed on ice in a sample cooler for storage and 

shipment to the laboratory; glass containers will be protected to avoid breakage 

during shipment. 

 

o Field documentation will be recorded on the Groundwater Monitoring Field 

Form (Appendix A); the micropurge-specific form will be used for low-flow 

sampling and the general form will be used for non-low-flow sampling and well 

development. 

 

o Chain-of-Custody records will be properly completed and signed at the time the 

samples containers are delivered for shipment to the laboratory. Shipping custody 

seals will be applied to all shipping containers. 

 

4.0 NATURAL GAS  

Gas monitoring will be conducted at wells where natural gas is present as part of the monitoring 

program. Monitoring results will be used to establish baseline conditions as benchmarks for 

operational and post-operational monitoring and to characterize gas production within the 

groundwater monitoring intervals. Monitoring will include measurement of gas pressures in shut-

in wells and collection of gas samples for laboratory analysis.  

 

4.1   Monitoring Schedule 

Gas pressures in each shut-in well where natural gas is present may be continuously monitored 

and recorded by a transducer attached to a valve on the wellhead assembly; the data records will 

be downloaded on a quarterly schedule. Natural gas sampling will be performed quarterly during 

the five-quarter, baseline characterization period. Monitoring parameters and frequency may be 

adjusted as appropriate for long-term or other potential monitoring programs based on the results 

of the baseline characterization effort and subsequent data needs during the operations, and post-

operations phases of the project. If samples cannot be collected from a well because of low to no 

gas production, the field records will document that low or low-yield conditions prevented sample 

collection, and evidence will be provided to demonstrate the low-yield condition. 
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4.2   Monitoring Procedures 

Natural gas monitoring activities will be conducted in accordance with procedures and protocols 

designed to ensure collection of high-quality, defensible monitoring data. Care will be taken to 

avoid using any procedure that could cause an ignition of flammable natural gases that are 

venting from the well. A portable field gas meter will be used to monitor for the presence of gases 

and the lower explosive limit before working at a wellhead. Field documentation will be recorded 

on the appropriate Groundwater Monitoring Field Form presented in Appendix A. 

 

4.2.1   Gas Pressure Monitoring 

Natural gas pressures may be monitored in wells where natural gas is present using a pressure 

transducer attached to a valve on the wellhead assembly. The data record at each well will be 

downloaded at least quarterly. A digital or analog pressure gauge will provide a secondary 

measure of gas pressure in the shut-in wells.  

 

4.2.2   Gas Sampling 

Gas sampling may be conducted using two different methods. The method to be used will depend 

on gas pressures of the well. Samples will be collected from the wellhead with Tedlar® bags or 

stainless steel gas sample cylinders at wells where pressures are high and gas readily discharges 

from sampling valves on the wells. At wells where the gas pressures are low, samples will be 

collected from the headspace of a sample of water removed from the well. In all cases, a 

comprehensive job safety analysis will be conducted to ensure that all potential hazards have been 

identified and adequately addressed. Based on this review, the methods described below may be 

modified to ensure personnel safety during sampling activities.  

 

Wellhead Gas Sampling 

Wellhead gas samples will be collected from the wellhead assembly valve prior to removal of the 

assembly to allow access to the well for groundwater monitoring. The following general 

procedures will be implemented when collecting wellhead gas samples:  

 

1. Partially vent the well to allow safe sample collection.  
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2. Slowly open sampling or bleed-off valve and fill Tedlar® bag or sample vessel.  

 

3. If a sample vessel is being used to collect gas, open both the up and downstream valve on 

the vessel and allow gas to flow through the vessel for approximately 1 minute, and then 

close the downstream valve. Close the upstream valve after several minutes (depending 

on well-head pressure). 

 

4. Label the Tedlar® bag or sample vessel with the well ID, sampling date and time, and 

sampler’s initials. 

 

5. Store and ship gas containers in padded shipping containers to analytical laboratory. 

 

Dissolved Gas Sampling 

When using the water head-space method, samples will be collected when the wells are being 

purged to collect water quality samples. In the case of using nitrogen gas as a purging gas with a 

low-flow sampling method, the gas samples will be collected during the initial purge volume to 

avoid potential for nitrogen to contaminate the sample. Samples will be collected in accordance 

with the following procedures:  

 

1. Establish purge requirement volume and stable field parameters in groundwater 

discharging from low-flow sampler (or other pumped method) as per groundwater 

sampling procedure. 

 

2. Fill a decontaminated 5-gallon plastic bucket with initial purged well water to a level 

sufficient to cover an upright 1 liter glass bottle. 

 

3. Fill the 1-liter sample bottle with septum cap with the well water; cap the bottle. 

 

4. Place the 1-liter sample bottle in the filled 5-gallon bucket, invert the bottle and remove 

the cap, keeping the bottle mouth under the water surface. 

 

5. While holding the 1-liter bottle in the inverted position, insert the ¼-inch (or similar) 

discharge tubing from the well discharge into the bottle. 

 

6. Allow degassing gas in the discharging groundwater to bubble into the 1-liter bottle and 

create a headspace until ¼ to ½ of the bottle is gas space (or ¼ to ½ the initial water has 

been displaced). 

 

7. Seal the 1-liter bottle under water with the septum cap; tightly secure the cap. 

 

8. Remove the 1-liter bottle, dry the bottle, and tape the cap to the bottle around the neck 

with electric tape. 

 

9. Label the bottle with appropriate sample labels. 
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10. Place the bottle upside down and on ice in the shipping container and ship to the 

laboratory. 

 

5.0 EQUIPMENT DECONTAMINATION  

All re-useable sampling equipment will be decontaminated prior to sample collection. This 

includes bulk containers used to collect water for field filtration and any other equipment that will 

be re-used. The following decontamination procedure will be used: 

 

1. Remove gross visible contamination from equipment by brushing, or wiping with paper 

towels or clean cloth; 

 

2. Wash and scrub equipment with distilled water containing phosphate-free detergent (e.g. 

Alconox
®
, or equivalent); 

 

3. Rinse equipment with distilled water; and 

 

4. Air-dry or wipe equipment with clean paper towels. 

 

5. Repeat as necessary. 

 

Prior to sample collection, bottles used to collect a bulk volume of water to be transferred to 

laboratory sample bottles will be rinsed with distilled water then triple rinsed with the water to be 

sampled. New peristaltic pump tubing and new 0.45 micron filters will be used for each sample 

collected, including duplicate samples. This procedure reduces the frequency of decontamination 

of sampling equipment. 

 

6.0  SAMPLE CUSTODY 

The data collected during the sampling process require that the possession of samples be traceable 

from the time they were collected through the laboratory analytical process. This section 

describes procedures to effectively track sample custody. 

 

6.1  Sample Documentation 

In order to provide adequate information of the sampling event, the field sampling crew will 

maintain a bound field logbook and Surface-water and Groundwater Monitoring Forms (see 

Appendix A). These field documents will contain sufficient details that describe daily site 
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personnel, site conditions, sample site identifications and descriptions, and recorded field 

parameters. Entries will be made in indelible ink, with all corrections consisting of initialed line-

out deletions. A sample label will be completed and adhered to each sample bottle or container. 

 

The documents to be completed for each sample generated during the sampling program are: 

 

 Bound project field logbook 

 

 Surface-water or Groundwater Monitoring Form (includes site description, sample 

location, recorded field parameters, and instrument calibration data) 

 

 Sample tag and/or label 

 

 Chain-of-custody transmittal form 

 

Upon completion of sampling, a chain-of-custody transmittal form (see example form in 

Appendix A) will be filled out, and samples will be shipped by way of overnight carrier to the 

analytical laboratory. Shipment documentation (air and ground bills) will be filed with chain-of-

custody forms. 

 

6.1.1 Bound Field Logbook 

All pertinent field survey and sampling information will be recorded in a bound field logbook 

during each day of the field sampling and at each sample site. All entries will be made in 

indelible ink. Each day’s entries will be initialed and dated by the field sampling leader. All 

corrections shall consist of initialed line-out deletions. 

 

At a minimum, entries in the bound field logbook shall include: 

 

 The date and time at the start of work and description of weather conditions 

 

 Project/site name 

 

 A general statement of work to be conducted 

 

 Names of field sampling crew 

 

 A description of weather conditions 
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 Description of site conditions and any unusual circumstances 

 

 Identification and locations of sample sites, sampling times, GPS Coordinates, and map 

reference 

 

 Details of actual work effort, particularly any deviations from the aforementioned 

methods 

 

 Field observations and activities logged at specific times 

 

 Time that field work was terminated for the day 

 

 Details of photo documentation (if any) 

 

Strict chain-of-custody procedures will be maintained with the bound field logbook. While being 

used in the field, logbooks will remain with the field team at all times. Upon completion of the 

field effort, logbooks will be filed in an appropriately secure manner. 

 

6.1.2 Surface-Water Monitoring Form 

A Surface-Water Monitoring Form (see Appendix A) will be used for each individual site 

sampled. This form allows for expedited documentation of the following information: 

 

 Sample identification 

 

 Sample date and time 

 

 Weather conditions 

 

 Sample site location  

 

 Site conditions, description and sketch 

 

 Sampling personnel 

 

 Equipment identification 

 

 Field equipment calibration information 

 

 Number and type of filters used 

 

 Field parameters measured and results 
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Information recorded on the Surface-Water Monitoring Form may not necessarily be repeated in 

the bound field logbook. The bound field logbook will refer to the sampling form when necessary 

and vice versa. 

 

6.1.3 Groundwater Monitoring Form 

A Groundwater Monitoring Field Form (see Appendix A) will be used for each individual site 

sampled. A micropurge-specific form will be used for low-flow sampling, and a general form will 

be used for non-low-flow sampling and well development. The forms allow for expedited 

documentation of the following information: 

 

 Sample identification 

 

 Sample date and time 

 

 Weather conditions 

 

 Sample site location 

 

 Site conditions, description and sketch 

 

 Sampling personnel 

 

 Equipment identification 

 

 Field equipment calibration information 

 

 Initial and final static water level 

 

 Total depth of well 

 

 Well casing diameter and stick-up 

 

 Bore volume 

 

 Total volume purged from well 

 

 Measured flow rates 

 

 Number and type of filters used 

 

 Field parameters measured and results 
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 Gas sampling method and time of collection (may also be documented in bound field 

logbook) 

 

 Other pertinent observations (gas meter readings) 

 

Information recorded on the Groundwater Monitoring Field Form will not necessarily be repeated 

in the bound field logbook. The bound field logbook will refer to the sampling form when 

necessary and vice versa. 

 

6.2  Sample Packaging and Shipping 

After collection, sample containers will be dried on the outside, labeled, placed in insulated ice 

chests (coolers), and iced sufficiently to keep cool (4° to 6° C) until delivered to the laboratory. 

Each sample container will be properly labeled in the field and kept in a secure location until 

shipment to the contract laboratory for analysis. Appropriate packing materials will be used to 

secure the sample bottles in each cooler. Completed chain-of-custody forms (see example form in 

Appendix A) and the laboratory analytical quote will be placed within a plastic bag in the cooler 

and a custody seal will be affixed to the cooler closure prior to transport to the laboratory. 

 

7.0  QUALITY ASSURANCE/QUALITY CONTROL   

Quality assurance/quality control (QA/QC) samples will be used to check the precision and 

accuracy of analyses completed by the analytical laboratory. Duplicate QA/QC samples will not 

have any unique identifying codes that will enable the laboratory to bias them. The sampling team 

will strive to obtain uniformity in the sampling technique and preparation of QA/QC samples to 

limit potential sampling errors. The QA/QC samples will be identified only in the bound field 

logbook and on a Surface-water or Groundwater Monitoring Form. Samples identified in the 

bound field logbook will include: 

 

 Site sample ID, time samples 

 

 Duplicate sample ID, time sampled 

 

In addition to investigative samples, duplicate samples will be collected and trip blank samples 

will be provided for QA/QC purposes. Duplicate samples will be collected from the same source 

and immediately following the sampling time as the primary sample. Duplicate samples will be 
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assigned a different sample ID and sampling time than the original investigative sample. Actual 

sampling times will be recorded on the sampling forms or logbook. Duplicates will be taken at a 

proportion of one per each ten samples (minimum of one, if less than ten samples are collected). 

A trip blank sample will be provided by the analytic laboratory at a frequency of one trip blank 

per sample event. The purpose of a trip blank is to evaluate sample integrity during storage and 

shipping of project samples. New peristaltic pump tubing will be used for each sample collected, 

including duplicate samples. Therefore, if a transfer beaker or carboy is not used to transfer water 

from a sample source to the laboratory sample bottles, no rinse samples will be necessary. If a 

transfer beaker or carboy is used by at least half of the total number of samples collected in any 

one sampling event, a rinse sample of the transfer beaker or carboy will be collected. 

 

8.0 SAMPLE ANALYSIS AND ANALYTICAL PROTOCOLS 

Surface-water and groundwater samples will be analyzed in accordance with the analytical 

schedule presented in Table 1. The table shows a comprehensive list of analytes that have been 

selected to support conventional hydrochemistry characterization and assessment of potential 

environmental impacts associated with development of the RD&D lease. The field parameters to 

be recorded at each monitoring station are also shown in Table 1. 

 

The analytical schedule presented in Table 1 was established to provide comprehensive 

assessment of baseline water quality. The schedule was developed in part on the basis of 

agricultural standards for groundwater and stream standards for Yellow and Piceance Creeks 

established by the Colorado Department of Public Health and Environment (CDPHE) Water 

Quality Control Commission (WQCC). The analytical program will be modified for subsequent 

sampling efforts as appropriate based on the baseline characterization results, operational 

processes, and regulatory requirements.  

 

Samples will be received by the analytical laboratory in accordance with chain-of-custody 

procedures. Upon completion of analysis, the laboratory will provide a report of analytical results, 

which will include a case narrative and quality control results. The summary of quality control 

results will include instrument performance results such as standard recoveries; matrix QC results 

such as spikes and duplicates; and laboratory control standard recoveries.  
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9.0  DATA MANAGEMENT 

All field logbooks, sampling forms, and analytical data will be stored in secure, organized files 

and electronic databases in a company field office or other appropriate location. 
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Alkalinity, Total as CaCO3 Aluminum

Bicarbonate as HCO3 Arsenic (total recoverable)

Bromide Cadmium

Carbonate as CO3 Calcium

Chloride Chromium

Conductivity @ 25 C Copper

Fluoride Iron (total recoverable)

Hardness as CaCO3 Lead

Iron, Ferric Lithium

Nitrogen, Ammonia as N Magnesium

Nitrogen, Nitrite as N Manganese

Nitrogen, Nitrate+Nitrite as N Mercury

Nitrogen, Nitrate as N Molybdenum

pH Nickel

Phosphorus, Ortho as P, dissolved Potassium

Solids, Total Dissolved TDS @ 180 C Selenium

Selenium-IV Silica

Selenium-IV (dissolved) Silver

Selenium-VI (dissolved) Sodium

Selenium-VI Strontium

Sulfate Thallium

Sulfide Uranium

Sulfite Vanadium

Zinc

Aluminum

Antimony Gross Alpha

Arsenic Gross Alpha MDC

Barium Gross Alpha precision (±)

Beryllium Gross Beta

Boron Gross Beta MDC

Cadmium Gross Beta precision (±)

Calcium

Chromium

Cobalt Diesel Range Organics (DRO)

Copper Gasoline Range Organics (GRO)

Iron Inorganic Carbon, Total (TIC)

Iron, Ferrous Methane

Lead Oil & Grease (HEM)

Lithium Organic Carbon, Dissolved (DOC)

Magnesium Organic Carbon, Total (TOC)

Manganese Phenolics, Total Recoverable (Distilled)

Mercury

Molybdenum

Nickel 1,2,4-Trichlorobenzene

Potassium 1,2-Dichlorobenzene

Selenium 1,3-Dichlorobenzene

Silica 1,4-Dichlorobenzene

Silver 1-Methylnaphthalene

Sodium 2,4,5-Trichlorophenol

Strontium 2,4,6-Trichlorophenol

Thallium 2,4-Dichlorophenol

Uranium 2,4-Dimethylphenol

Vanadium 2,4-Dinitrophenol

Zinc 2,4-Dinitrotoluene

Table 1: Analytical Schedule for the Baseline Groundwater and Surface-Water Monitoring Program

ExxonMobil Oil Shale RD&D Project

Metals - Total
1General Chemistry

Radionuclides

Metals - Dissolved

Aggregate Organics

Semi-Volatile Organic Compounds (SVOC)



2,6-Dinitrotoluene 1,1,1,2-Tetrachloroethane

2-Chloronaphthalene 1,1,1-Trichloroethane

2-Chlorophenol 1,1,2,2-Tetrachloroethane

2-Methylnaphthalene 1,1,2-Trichloroethane

2-Nitrophenol 1,1-Dichloroethane

3,3´-Dichlorobenzidine 1,1-Dichloroethene

4,6-Dinitro-2-methylphenol 1,1-Dichloropropene

4-Bromophenyl phenyl ether 1,2,3-Trichloropropane

4-Chloro-3-methylphenol 1,2-Dibromoethane

4-Chlorophenol 1,2-Dichlorobenzene

4-Chlorophenyl phenyl ether 1,2-Dichloroethane

4-Nitrophenol 1,2-Dichloropropane

Acenaphthene 1,3-Dichlorobenzene

Acenaphthylene 1,3-Dichloropropane

Anthracene 1,4-Dichlorobenzene

Azobenzene 2,2-Dichloropropane

Benzidine 2-Chloroethyl vinyl ether

Benzo(a)anthracene 2-Chlorotoluene

Benzo(a)pyrene 4-Chlorotoluene

Benzo(b)fluoranthene Benzene

Benzo(g,h,i)perylene Bromobenzene

Benzo(k)fluoranthene Bromochloromethane

bis(-2-chloroethoxy)Methane Bromodichloromethane

bis(-2-chloroethyl)Ether Bromoform

bis(2-chloroisopropyl)Ether Bromomethane

bis(2-ethylhexyl)Phthalate Carbon tetrachloride

Butylbenzylphthalate Chlorobenzene

Chrysene Chlorodibromomethane

Dibenzo(a,h)anthracene Chloroethane

Diethyl phthalate Chloroform

Dimethyl phthalate Chloromethane

Di-n-butyl phthalate cis-1,2-Dichloroethene

Di-n-octyl phthalate cis-1,3-Dichloropropene

Fluoranthene Dibromomethane

Fluorene Dichlorodifluoromethane

Hexachlorobenzene Ethylbenzene

Hexachlorobutadiene m+p-Xylenes

Hexachlorocyclopentadiene Methyl ethyl ketone

Hexachloroethane Methyl tert-butyl ether (MTBE)

Indeno(1,2,3-cd)pyrene Methylene chloride

Isophorone o-Xylene

m+p-Cresols Styrene

Naphthalene Tetrachloroethene

Nitrobenzene Toluene

n-Nitrosodimethylamine trans-1,2-Dichloroethene

n-Nitroso-di-n-propylamine trans-1,3-Dichloropropene

n-Nitrosodiphenylamine Trichloroethene

o-Cresol Trichlorofluoromethane

Pentachlorophenol Vinyl chloride

Phenanthrene Xylenes, Total

Phenol

Pyrene

Pyridine Temp (°C); pH (s.u.); Specific Conductance (µs/cm);

Dissolved Oxygen (mg/L); Turbidity (NTU);

Oxidation-Reduction Potential (RmV)
1
 As (trec), Fe (trec), and Hg (tot) will be analyzed each round, other total metals will be analyzed at least one round

Field Parameters

SVOC (cont.)

Table 1 (cont.): Analytical Schedule for the Baseline Groundwater and Surface Water Monitoring Program

ExxonMobil Oil Shale RD&D Project

Volatile Organic Compounds (VOC)
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Surface-Water Monitoring Form 
 

Station ID:_______________________ 

Location:________________________ 

Site Description: __________________ 

_________________________________ 

Project:__________________________ 

Date:__________________ 

Start Time:_____________ 

End Time:______________ 

_______________________ 

Instruments:____________ 

Observer:____________________ 

Sampling 

Team:_______________________ 

Lead Signature:_______________ 

Date:    ______/_______/_______ 

   

Sampling Information 

Surface-water Type: stream / lake / pond / spring / seep /mine drainage / NPDES outfall / other: ______________ 

 

Sampling Location: bank / wading / boat / bridge / other: ______________________________________ 

 

Sampling Site: pool / riffle / eddy / backwater / open / channel / braided / other: ____________________ 

 

Stream/Channel/Pool Width: __________ft/m   Mean Depth: _________________ft/m  

 

Water Color: clear / brown / green / blue / grey / other: ____________ 

 

Weather: SKY- clear / scattered / broken / cloudy / overcast. PRECIP- none / light / mod. / heavy / snow / rain 

WIND- calm / breeze / gusty / moderate / strong / est. wind speed/direction: _______________/_________________ 

TEMP- cold / cool / mild / warm / hot / est. air temperature: ________ Comments: ___________________________ 

 

Field Measurements 

Parameter Units Reading Time Instrument Comments 

Air Temp  °C     

      

Water Temp   °C     

      

pH  s.u.     

      

Conductivity  µS/cm; mS/cm     

      

DO  mg/L; %     

      

ORP  RmV     

      

Alkalinity  mg/L     

      

Turbidity  n.t.u.     

      

Discharge ft
3
/s, gpm, L/s    measured/visual est.  

Stage ht.  ft, m     

GPS Coordinates  

Measurement: In situ or container  

Number and types of filters used:  
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Surface-Water Monitoring Form 
 

Calibration Information 

 

 

Parameter 

Date:_______  Temperature 

Calibration 

Standard 

Calibration 

Standard 

Value 

Instrument 

Reading of 

Standard 

 

Adjusted 

Reading  

 

Other 

Information Time 

pH (s. u.)        

pH (s. u.)        

pH (s. u.)        

Conductivity 
(µS/cm; mS/cm) 

       

(@ 25 °C) = 

Conductivity 
(µS/cm; mS/cm) 

       
(@ 25 °C) = 

ORP (rrmV)        

ORP (rrmV)        

DO (mg/L, %)        

DO (mg/l; %)        

Turbidity (n.t.u)        

 

Laboratory Information 

Samples collected for laboratory analysis:  yes / no     Time Collected: 

 

Ship Date/Time:                                                     Receiving Laboratory: 

Comments: 

 

Field Notes: 

Weather: 
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Groundwater Monitoring Field Form - General 
 

Station/Well: ______________________ 

Location:__________________________ 

Site: _____________________________ 

Description:_______________________ 

Project: __________________________ 

Sampling Instruments:______________ 

Date:__________________ 

Start Time:_____________ 

End Time:______________ 

_______________________ 

_______________________ 

Observer:_____________________ 

Sampling 

Team:________________________ 

Lead Signature:________________ 

Date:    ______/_______/_________ 

 

Well Purging Information 
Well Depth (dt):___________ ft   Static depth to water (dw):___________ ft       Sample/Set Depth:_____________ ft                            

Bore radius (rw): ________ in/ft  Bore volume (π r
2
(dt-dw): ___________ft

3
/gal

       
Casing radius (rc): _________ in/ft     

Casing volume (π r2
(dt-dw)(7.48): __________gal   Total volume: ___________  ft

3
/gal   Total x 3:_________ft

3
/gal 

Purge 

# 
Time 

Temp

(°C) 

pH 

(s.u.) 

 

SpC/Cond 

(mS/cm, 

µS/cm) 

DO 

(mg/L, %) 

ORP 

(rmV) 

Turb. 

(NTU) 

Water 

Clarity 

(poor/

mod/ 

good) 

Volume 

Purged 

(Gallons) 

Cumulative 

Volume Purged 

(Gallons) 
 

           

           

           

           

           

           

           

           

           

           

 

Field Measurements at Time of Sampling 

 

Parameter 

 

Reading 

 

Time 

Measurement 
(In situ/Container) 

 

Instrument 

 

Comments 

Air Temp °C    Thermometer  

Water Temp  °C    pHCon10, YSI  

pH (s.u.)    pHCon10/YSI  

SpC/Conductivity  
(mS/cm, µS/cm) 

    

pHCon10/YSI 

 

ORP (rmV)    pH310/YSI  

DO (mg/L, %)    DO310/YSI  

Turbidity (NTU)    MicroTPI  

Discharge  

(ft
3
/s, L/s, gpm) 

   Flow meter/ 

bucket/estimate 

 

 

      

Number and type of filters used:                                                           Sampling Time: 

GPS Coordinates: 
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Groundwater Monitoring Field Form 
 

Instrument Calibration Information 

 

 

Parameter 

Date________ 

Time of 

Calibration 

Temperature 

Calibration 

Standard 

Calibration 

Standard 

Value 

Instrument 

Reading of 

Standard 

 

Adjusted 

Reading  

 

Other 

Information 

pH (s. u.)       

pH (s. u.)       

pH (s. u.)       

Sp.Conductivity 
(µS/cm, mS/cm) 

      

(@ 25 °C) = 

Sp.Conductivity 
(µS/cm, mS/cm) 

      

(@ 25 °C) = 

DO (mg/L, %)       

DO (mg/L, %)       

ORP (mV)       

Turbidity (n.t.u)       

 

Laboratory Information 

Samples collected for laboratory analysis:  yes / no 

Constituents to be Analyzed (√ ) 
Inorganics Inorganics Organics Organics Other 

Common ions    □  TPH                    □ VOCs                 □ TDS                   □ 

Alkalinity          □  BTEX                 □ SVOCs               □ TSS                    □ 

Hardness            □  Oil & Grease      □   T. Coli. Bact.    □ 

Chloride             □  TOC                   □  Fecal Coli. Bact.□ 

Fluoride             □  DOC                   □  Phos/Ni Pest.      □ 

Phosphorus        □  TIC                     □   

Sulfate               □  DRO                   □   

Nitrate (as N)     □  GRO                   □   

Nitrite (as N)      □  Methane             □   

Nitrogen (total)  □     

Metals (total/dissolved): Sb, Al, As, Ba, Be, B, Cd, Ca, Cr, Cu, Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, K, Se, 

Si, Sr, Ag, Na, Tl, U, Va, Zn,  

Ship Date/Time:                                                     Receiving Laboratory:  

Comments: 

 

Field Notes: 

 

 

 

Weather: SKY- clear / scattered / broken / cloudy / overcast. PRECIP- none / light / mod. / heavy / snow / rain 

WIND- calm / breeze / gusty / moderate / strong / est. wind speed/direction: _______________/_________________ 

TEMP- cold / cool / mild / warm / hot / est. air temperature: ________ Comments: ___________________________ 
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Well Purging Information 

Well ID: _______________            Site: ________________________________     Date: _________________________ 
Well Depth:___________ ft           Sample/Set Depth:___________ ft           Depth to water: ____________ft                           

Calculated bore/casing volume: ____________________gal/ft
3            

Calculated purge volume_______________gal/ft3 

Purge 

# 
Time 

Temp

(°C) 

pH 

(s.u.) 

 

SpC/Cond 

(mS/cm, 

µS/cm) 

DO 

(%, mg/L) 

ORP 

(rmV) 

Turb. 

(NTU) 

Water 

Clarity 

(poor/

mod/ 

good) 

Volume 

Purged 

(Gallons) 

Cumulative 

Volume Purged 

(Gallons) 
 

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

Post-Purge Depth to Water: ______________ft Time: _________        Initials: _______________ 
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Groundwater Monitoring Field Form - Micropurge 
 

Station/Well: ______________________ 

Location:__________________________ 

Site: _____________________________ 

Description:_______________________ 

Project: __________________________ 

Sampling Instrument:_______________ 

Date:__________________ 

Start Time:_____________ 

End Time:______________ 

_______________________ 

_______________________ 

Observer:____________________ 

Sampling 

Team:_______________________ 

Lead Signature:_______________ 

Date:    ______/_______/_______ 

 

Well Purging Information 
Well Depth:___________ ft           Sample/Set Depth:___________ ft           Depth to water:___________ft                           

Calculated casing volume: ____________________ft
3                         

Calculated purge volume ___________________gal 

Purge 

# 
Time 

Temp

°C 

pH 

(s.u.) 

 

SpC 

(ms/cm, 

µmhos/cm) 

Cond. 

(ms/cm, 

µmhos/cm) 

DO 

(%, 

mg/L) 

ORP 
Turbidity 

(NTU) 

Water Clarity 

(poor/mod/good) 

 
Volume 

Purged 

(Gallons) 

           

           

           

           

           

           

           

           

           

           

 

Field Measurements at Time of Sampling 

 

Parameter 

 

Reading 

 

Time 

Measurement 
(In situ/Container) 

 

Instrument 

 

Comments 

Air Temp °C      

Water Temp  °C      

Discharge  

(ft3/s, gpm) 

     

(measured/estimated) 

Gage ht. (ft)      

pH (s.u.)      

SpC/Cond (ms/cm, 

µmhos/cm) 
     

ORP      

DO (mg/L, %)      

Turbidity (NTU)      

      

      

Number and type of filters used: 
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Groundwater Monitoring Field Form 
 

Calibration Information 

 

 

Parameter 

Date________ 

Time of 

Calibration 

Temperature 

Calibration 

Standard 

Calibration 

Standard 

Value 

Instrument 

Reading of 

Standard 

 

Adjusted 

Reading  

 

Other 

Information 

pH (s. u.)       

pH (s. u.)       

pH (s. u.)       

Conductivity 
(µmhos/cm) 

      

(@ 25 °C) = 

Conductivity 
(µmhos/cm) 

      

(@ 25 °C) = 

Eh (mV)       

DO (mg/L)       

Turbidity 
(n.t.u) 

      

 

Laboratory Information 

Samples collected for laboratory analysis:  yes  

Constituents to be Analyzed (√ ) 
Inorganics Inorganics Organics Organics Other 

Common ions     □  TRPH                 □  TDS                   □ 

Alkalinity           □  BTEX                 □  TSS                    □ 

Hardness            □  TOX                   □   T. Coli. Bact.    □ 

Fluoride              □  Oil & Grease      □  Fecal Coli. Bact.□ 

Phosphorus         □  Phos/Ni Pest.      □   

Barium               □     

Nitrate (as N)     □     

Nitrite (as N)      □     

Nitrogen (total)  □     

     

Metals (total/dissolved): Sb, As, Be, Cd, Cr, Cr, Cu, Pb, Hg, Ni, Se, Ag, Tl, Zn,  

Ship Date/Time:                                                     Receiving Laboratory: 

Comments: 

 

Field Notes: 

 

 

 

 

Weather Conditions: 

 

 



BD[     Laboratories, Inc.
2773 Downhill Drive  Steamboat Springs, CO  80487  (800) 334-5493

Report to:

Name: Address:

Company:

E-mail: Telephone:

Copy of Report to:

Name: E-mail:

Company: Telephone:

Invoice to:

Name: Address:

Company:

E-mail: Telephone:

If sample(s) received past holding time (HT), or if insufficient HT remains to complete YES

analysis before expiration, shall ACZ proceed with requested short HT analyses? NO
If "NO" then ACZ will contact client for further instruction.  If neither "YES" nor "NO" is indicated, ACZ will proceed with the requested analyses, even if HT is expired, and data will be qualified

Are samples for SDWA Compliance Monitoring? Yes No

If yes, please include state forms. Results will be reported to PQL for Colorado.

Sampler's Name: ______________     Sampler's site Information State:_____________Zip code___________Time Zone________

Check box if observe Daylight Savings Time

PROJECT INFORMATION

Quote #:

PO#:

Reporting state for compliance testing:

Check box if samples include NRC licensed material?

Matrix

SAMP

Matrix SW (Surface Water) · GW (Ground Water) · WW (Waste Water) · DW (Drinking Water) · SL (Sludge) · SO (Soil) · OL (Oil) · Other (Specify)

REMARKS

FRMAD050.12.12.12 White - Return with sample.      Yellow - Retain for your records.

DATE:TIME

SAMPLE IDENTIFICATION #
 o

f 
C

o
n

ta
in

e
rs

DATE:TIME

Please refer to ACZ's terms & conditions located on the reverse side of this COC.

RELINQUISHED BY: DATE:TIMERECEIVED BY:

CHAIN of CUSTODY

ANALYSES REQUESTED (attach list or use quote number)
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