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2490 West 26th Ave., Suite 100A www.wrightwater.com
Denver, Colorado 80211 e-mail: ipaton@wrightwater.com
(303) 480-1700 TEL

(303) 480-1020 FAX

November 6, 2009 REC EIVED |

JAN 12 2010
Via E-mail: william.f.dennison@exxonmobil.com and U.S. Mail C 0 G C C .:

Mr. Frank Dennison
ExxonMobil Production Company
396 West Greens Road, Rm. 613B
Houston, TX 77067

Re:  Well Pad FRU 197-21A—Hydrology Evaluation and Conceptual Drainage Design

Dear Frank:

Wright Water Engineers, Inc. (WWE) has been asked by Exxon Mobil Corporation to evaluate
the sizing requirements and conceptual design for a drainage diversion channel at well pad FRU
197-21A. The FRU 197-21A well pad site is located in Rio Blanco County along an unnamed
tributary to Piceance Creek. The pad site is located on the western edge of the Piceance Creek
valley bottom and is approximately 13,000 feet north of where Ryan Gulch (and County Road
24) intersect Piceance Creek. The access road to the well pad site, which is approximately
12,200 feet long and is located north and west of the well pad, was also evaluated in terms of
locations and sizes of culverts.

The drainage features were evaluated and sized to convey flows up to the 25-year, 24-hour storm
event. In addition, the estimated peak flow rates for the 10-year, 24-hour and 100-hour, 24-hour
storm events were also calculated for comparison purposes regarding the range of runoff rates for
storms of varying magnitude.

As part of the review, it was confirmed that the proposed well pad location is not located in the
regulatory floodplain as designated on the Federal Emergency Management Agency (FEMA)
Flood Insurance Rate Map (FIRM).

ESTIMATED PEAK FLOW RATES

Peak flow rates for the design storm events were calculated using the HEC-HMS model for six
basins that drain to the FRU 197-21A site. The drainage basins are shown on Figure 1. Model
input parameters included a Soil Conservation Service (SCS) Curve Number of 70 and an SCS
Type II storm.

Storm depth values used in the model were derived from the National Oceanic and Atmospheric
Agency Atlas 2, Volume III. For the 10-year, 25-year, and 100-year 24-hour storms, the storm
depths are 1.8 inches, 2.1 inches, and 2.6 inches, respectively.

GLENWOOD SPRINGS DURANGO
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Because of the potential for debris flow for storms of the magnitude being evaluated, a 35

percent bulking factor was added to the model-estimated clear water flow rates.

Table 1

provides a summary of the estimated peak flow rates (including bulking factor) for each of the
basins and for each of the three storm events evaluated. The values in Table 1 are not routed
flow rates; the values are provided to indicate the magnitude of runoff generated from each of the
basins. However, for the purpose of sizing drainage features, routed flow rates at specific design
points are provided in Table 2.

Table 1. Estimated Peak Flow Rates Generated by Basin

Drainage Basin Area Peak Flow Rate (cfs)"
Basin
(acres) 10-Year, 24-Hr | 25-Year, 24-Hr | 100-Year, 24-Hr
A 310 20 36 72
B 195 13 23 47
C 382 21 38 74
D 55 6 12 26
E 68 7 14 29
F 87 8 15 32

Note: (1) Peak flow rate includes 35 percent bulking factor to account for debris flow.

Table 2. Estimated Peak Flow Rates Routed Through Design Points

Design | Contributing Basins Routed Peak Flow Rate (cfs)""
Point (Location)
10-Year, 24-Hr 25-Year, 24-Hr | 100-Year, 24-Hr

1 Basin A 20 36 72
(Culvert)

2 Basins B+C 33 59 117
(Culvert)

3 Basin E 8 15 32
(Culvert)

4 Basins 62 110 219

A+B+C+D+E+F

(Diversion channel
west of well pad)

Note: (1) Peak flow rate includes 35 percent bulking factor to account for debris flow.
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SIZING OF CONVEYANCE STRUCTURES

Using the estimated routed flow rates presented in Table 2, sizing requirements were evaluated
for the following drainage features:

Design Point 1

. Culvert under access road at Design Point 1 — The design flow rate at design point 1
(comprised of runoff from Basin A only) is approximately 36 cfs. Two 24-inch diameter
culverts, with a slope of 2.0 percent, will convey the design flow rate.

. Roadside ditch 1 (downgradient from Design Point 1) — The roadside ditch on the north
side of the proposed access road and immediately downgradient from design point 1 can
convey the design flow with a triangular cross-section, a minimum depth of 2.5 feet, side
slopes of 3:1 (H:V), and a longitudinal slope of approximately 4 percent.

Design Point 2

. Culvert under access road at Design Point 2 — The design flow rate at design point 2
(comprised of routed flows from Basins B and C combined) is approximately 59 cfs.
Two 30-inch diameter culverts, with a slope of 2.0 percent, will convey the design flow
rate.

Design Point 3

. Culvert under access road at Design Point 3 — The design flow rate at design point 2
(comprised of runoff from Basin F) is approximately 15 cfs. One 24-inch diameter
culvert, with a slope of 2.0 percent, will convey the design flow rate.

. Roadside ditch 2 (uphill from Design Point 3) — The roadside ditch on the north side of
the proposed access road, uphill from from design point 3 can convey the design flow
with a triangular cross-section, 2 minimum depth of 2.5 feet, side slopes of 4:1 (H:V),
and a longitudinal slope that varies with the road, with a minimum slope of
approximately 0.4 percent.

Design Point 4

. Diversion channel downgradient from Design Point 4 — The design flow rate at design
point 4 (comprised of routed flows from Basins A, B, C, D, E and F combined) is -
approximately 111 cfs. The design flow will be intercepted in a diversion ditch to route
flows around the west side of the well pad. The diversion ditch is divided into four
contiguous reaches, as shown on Figure 3 and described below:
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Other Features

Diversion channel 1 is a 220 foot-long trapezoidal channel, with a bottom width
of 6 feet, channel sideslopes of 4:1 (H:V), and a depth of 2.7 feet that intercepts
flow in the valley bottom and routes it to the west side of the well pad. This
configuration provides approximately 1 foot of freeboard during the 25-year, 24-
hour design storm. Because of the channel’s slope (1.6 percent), the flow velocity
will require the use of channel armoring. Gabion mattresses (6-inches thick) will
be used to protect the channel. The downstream end of this reach will have a
gabion rundown section that is approximately 35 feet long with a 7 percent slope
and a gabion energy dissipation feature in the channel.

Diversion channel 2 is a 120 foot-long trapezoidal channel, with a bottom width
of 6 feet, channel sideslopes of 4:1 (H:V), and a depth that varies from 3 feet to
over 5 feet, depending on the adjacent topography. This configuration provides
more than 1 foot of freeboard during the 25-year, 24-hour design storm for most
of this reach (a minimum of 0.8 feet of freeboard is provided in the shallowest
section of the channel). This reach of channel will be graded to maintain a
longitudinal slope of 0.6 percent, thereby reducing flow velocities and eliminating
the need for rock armoring. Erosion control blankets will be installed in the
channel in accordance with the manufacturer’s recommendations.

Diversion channel 3 is a 250 foot-long rectangular channel, with a bottom width
of 6 feet, vertical sideslopes, and depth that of 3 feet. This configuration provides
1 foot of freeboard during the 25-year, 24-hour design storm. The longitudinal
slope of the channel is approximately 4 percent in this reach, resulting in flow
velocities that require channel armoring. Gabion mattresses (6-inches thick) will
be used to protect the channel bottom and gabion baskets (with a cross section 3
feet tall x 3 feet wide) will be used for the channel walls. In addition to providing
erosion protection, the vertical channel walls reduce the top width of the channel,
which is necessary because of the steep hillside that rises to the west in this area.

Diversion channel 4 is a 155 foot-long trapezoidal channel, with the same channel
geometry as diversion channel 2, except the depth ranges from 3 feet at the
upgradient (northern) end and tapers down to 0O feet at the downgradient end,
south of the southwest corner of the well pad. This reach of channel will be
graded to maintain a slope of 0.6 percent, thereby reducing flow velocities and
eliminating the need for rock armoring. Erosion control blankets will be installed
in accordance with the manufacturer’s recommendations. An anchored gabion
energy dissipation structure will disperse the flow at the downgradient end of the
channel, uphill from the Colorado Department of Wildlife boundary line.

e Roadside ditch 3 is a 1.5 foot-deep ditch with triangular cross-section located along the

road north of the well pad to divert runoff from the easternmost portion of Basin F.
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OTHER CONSIDERATIONS
100-Year Storm Event

The capacity of the diversion channel on the west side of the well pad was compared with the
estimated peak flow rates for the 100-year, 24-hour event. Because of the freeboard provided for
the 25-year, 24-hour design storm, the diversion channel provides sufficient capacity to convey
the estimated 100-year, 24-hour peak clear water flow (162 cfs). However, the channel is not
sized to convey the entire 100-year, 24-hour flow if a 35 percent bulking factor is added (219
cfs).

Excavation Spoil Material

The spoil material from the channel excavation, which is to be deposited on the downhill side of
the channel, is not to be relied upon as part of the channel embankment and is therefore not
counted as part of the calculated channel depth shown on the grading plan (Figure 3). The spoil
material should be compacted in place by the construction vehicles at the site to reduce the

amount of erosion. If track equipment is used, the track cleat marks should be perpendicular to
the runoff flow direction.

Please do not hesitate to call if you have any questions.

Sincerely,

WRIGHT WATER ENGINEERS, INC.

Chacef Yoot

Diana K. Woods
Water Resources Project Designer

o La =

Ian Paton, P.E.
Senior Engineer

By

Attachments: Figures 1,2 and 3

Z:\Project Files\72-99\801-111\801-111.412\Engineering\Task 006\FRU 197-21 A\Drainage\Drainage Report\FRU 197-21A Drainage Report.doc
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|| 6. Wattles wil be installed on the downgradient side of the

| stockpiles or at the downgradient perimeter.

7. Reclamation will include seeding, mulching, aimping,
spreading woody debris and on steep slopes (3:1 or greater)
nstalling erosion control blankets. These BMPs wil be added
to appropriate drawings upon installation.
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