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1 INTRODUCTION

The ConocoPhillips Alaska Inc. (CPAI) Greater Moose’s Tooth 2 (GMT2/MT7) facility is located within the Greater
Moose’s Tooth Unit and part of the Alpine Satellite Development program. GMT2/MT7 Spring Breakup Culvert
Monitoring supports the ConocoPhillips Alaska, Inc. Environmental group in meeting State of Alaska, federal, and
local permit stipulations. GMT2 facilities include the GMT2 access road and pad. The GMT2 access pad, road and
80 culverts were installed during the winter of 2018-2019.

The GMT2/MT7 access road spring breakup culvert monitoring field program took place during the 2019 spring
breakup monitoring and hydrologic assessment field program. Spring breakup monitoring began on April 19 and
concluded on June 5. An additional site visit was performed on July 2 to retrieve field equipment and document
summer conditions. Figure 1 shows the GMT2/MT7 access road culvert monitoring locations. Culvert locations and
properties are provided in Appendix A and indirect-read hydrologic staff gage (gage) and associated vertical
control locations are provided in Appendix B.

UMIAQ, LLC (UMIAQ) and CPAI Alpine Field Environmental Coordinators provided support during the field
program and contributed to a safe and productive monitoring season. The field methodologies used to collect
hydrologic data on the North Slope of Alaska during spring breakup are proven safe, efficient, and accurate for
the conditions encountered.

1.1 Study Objective

This report addresses culvert performance and evaluation of areas where additional culverts or modifications to
existing culverts are necessary to maintain natural drainage. This meets hydrology monitoring requirements set
forth in the U.S. Army Corps of Engineers (USACE) permit POA-2015-00486, Special Condition 5.b. This permit
requires annual GMT2/MT7 access road culvert monitoring reports to be submitted for three years post-
construction. This is the first year of reporting.

The following tasks were performed to meet the permit requirements:

e Aerial and ground photo documentation of the GMT2/MT7 access road and pad to demonstrate hydraulic
connections during spring breakup and post breakup (summer) conditions

o Identification of areas of differential ponding (ponding on one side of the road), drying, erosion, or stream
channel changes adjacent to fill areas

e Demonstration of culvert conveyance of surface water flow based on the maintenance of natural drainage
patterns and lack of evidence to the contrary (ponding, drying, erosion, stream channel changes)

e Evaluation of all areas where additional culverts are necessary to maintain natural drainage patterns

e Evaluation of all areas where culvert maintenance, repair, upgrade, setting adjustments, or replacement
are necessary to maintain natural drainage patterns

Culvert locations and properties referenced in this report are taken from the IFC drawings of applicable facilities
produced by UMIAQ in August of 2018 and provided in Figure 1.
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1.2 Data Collection

Data was collected at the following locations, as provided in Table 1.

Table 1: GMT2/MT7 Access Road Culvert Data Collection

Culverts Associated Gages Location Description
GMT2-01 through GMT2-19 $13-A/S13-B Gage located in small, poorly deflne_d network of polygon troughs
near the proposed GMT2 pad location.
Gages and culverts located in a swale depression between Lakes
GMT2-20 through GMT2-39 S12-A/S12-B 706005 and MBOA40L.
Gages and culverts located on the southwest corner of a paleolake
GMT2-40 through GMT2-59 S11-A/S11-B between Lakes M9923 and M9922.
Gages and culverts located on the east end of a paleolake between
GMT2-60 through GMT2-69 $10-A/S10-C Lakes M9923 and M9913.
GMT2-70 through GMT2-80 $9-A/S9-B _Gages and culverts I9cated on the northwest corner of lake M9925
in a shallow depression.

2.1 Observations

Gage locations were selected based on topography and hydraulic significance. Field data collection and
observations of interactions between floodwaters and infrastructure were recorded in field notebooks and on
culvert monitoring field sheets. Photographic documentation of spring breakup conditions were collected using
digital cameras with integrated global positioning systems (GPS). The latitude, longitude, data, and time are
imprinted on each photo. The photo locations are referenced to the World Geodetic System of 1984 (WGS84)
horizontal datum.

CPAI Alpine Field Environmental Coordinators provided a pickup truck for culvert access during spring breakup
setup and monitoring. Soloy Helicopters provided helicopter support for performing overflights during spring
breakup monitoring.

2.2 Water Surface Elevations

Water surface elevation (WSE) data was collected on both sides of the road prism to document WSE differential
for assessing culvert performance. This was completed using a network of gages with pressure transducers (PTs)
attached to each gage. For the purposes of this report, stage and WSE are used interchangeably.

2.2.1 Hydrologic Staff Gages

Gage assemblies (gage and PT) were installed or rehabilitated prior to breakup. Gage assemblies do not directly
correspond to an established vertical datum. The gage stations consist of one or more gage assemblies
positioned on the upstream and downstream sides of the road prism. Each gage assembly includes a standard
U.S. Geological Survey (USGS) metal faceplate mounted on a wooden two-by-four. The two-by-four is attached
with U-bolts to a 1.5-inch-wide angle iron gage support post driven into the ground. The faceplate is graduated
and indicates water levels every 100" of a foot between 0.00 to 3.33 feet. Gage assemblies were identified with
alphabetical designations, with the letter ‘A’ representing the gage assembly located on the north (downstream
[DS]) side of the GMT2/MT7 access road and the letter ‘B’ representing gage assemblies located on the south
(upstream [US]) side of the GMT2/MT7 access road.
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High water marks (HWMs) on the gages were recorded by applying chalk on the angle iron posts and measuring
the wash line. HWMs were recorded to document peak stage.

2.2.2 Pressure Transducers

PTs were attached to all gages to supplement gage readings and provide a continuous record of WSE when the
water column is above the PT sensor. PTs were programmed to collect data at 15 minute intervals beginning on
May 15%. Each PT was housed in a small perforated galvanized steel pipe and secured to the base of the gage
assembly. By sensing the absolute pressure of the atmosphere and water column above the PT, the depth of
water above the sensor was calculated. During data processing, the PT measurements were adjusted to WSE
readings at the gages. PT setup, testing, and processing methods are detailed in Appendix C.

2.3 Discharge Measurements

Site visits and direct measurements were performed as near to peak flow conditions as possible. Measurements
were collected in all culverts observed conveying flow. Culvert velocity and flow depth were measured directly
using a HACH FH950 electromagnetic velocity meter and a wading rod. Discharge was calculated using measured
velocity, flow depth, and the inside culvert diameter. Inside culvert diameter was determined based on the
outside culvert diameter and wall thickness data provided by UMIAQ (UMIAQ 2018). Discharge methods are
detailed in Appendix D.

2.4 Culvert Performance Evaluation

Culvert performance was evaluated based on observations, WSE, and discharge measurements with a focus on
maintenance, repair, upgrade, setting adjustments, and/or replacement. In addition, the condition of the road fill
around the culverts was evaluated to identify areas of erosion.

3 RESULTS

3.1 General Climatic Summary

According to cumulative freezing degree-days (CFDD) measured at the National Petroleum Reserve Alaska (NPR-
A) tundra monitoring station, the 2018-2019 (September — May) winter was the 2" warmest on record for the
past 18 years (Graph 3.1)
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Graph 3.1: NPRA N. Tundra Monitoring Station CFDD, Winters 2002-2019 (ICE 2019)

There is no NRCS North Slope snowpack data currently available for the 2018-2019 winter season, but general
observations indicate snowpack was at or above normal levels in the Colville River drainage basin.

A warming trend in the Upper Colville River watershed (the Brooks Range foothills, as recorded at Umiat) started
April 23 (USGS 2019). Daily maximum temperatures began to exceed freezing on May 12 and daily minimum
temperatures began to exceed freezing on May 21. In the CRD, daily maximum temperatures exceeded freezing
from April 29 to May 4, followed by a cooler period with sub-freezing temperatures (Weather Underground 2019).
Daily high temperatures consistently exceeded freezing on May 16 and continued through the breakup monitoring
period. Daily minimum temperatures remained below freezing through the breakup monitoring period.

3.2 General Observations Summary

Culverts were cleared in April by mechanically removing snow and ice from the inlets and outlets prior to spring
breakup flooding. Visual inspections performed at the end of April confirmed that snow had been cleared from all
culvert inlets and outlets, however, drifted snow had accumulated between ice roads and the south edge of the
GMT2/MT7 access road, partially burying most culverts.

On May 27, local melt was observed throughout the GMT2/MT7 access road area on both sides of the road. Snow
cover on the surrounding tundra was approximately 50%.

On May 28, local melt was observed at many monitoring stations. In many locations, the ice road was blocking
drainage. Snow cover was approximately 30%. By June 2, snow cover was around 10% and local ponding was
present at most monitoring locations.

On June 3, snow cover on the surrounding tundra was approximately 5%. In general, conveyance channels had
cut through the remaining ice roads and drifted snow. On June 4, many culverts in defined drainages along the
road were observed conveying flow. Cross flow culverts, situated on higher ground, remained dry during spring
breakup monitoring. Discharge measurements were performed at all culverts conveying flow on May 29 and June
4.
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3.3 Site Specific Observations & Water Surface Elevations

Summarized observations of flow conditions are tabulated in Appendix E. Additional site-specific monitoring
photos are provided in Appendix F.

3.3.1 S9 Culverts (GMT2-70 through GMT2-80)

The S9 monitoring location is situated in a swale depression near the outlet of lake M9925. The primary source of
water in this area is local melt from Lake M9925. Culverts GMT2-70 through GMT2-72 are located in this
depression while culverts GMT2-73 to GMT2-80 are situated further east. An ice road adjacent to the south
embankment of the GMT2 road affected drainage in the area.

Local melt was first observed on May 27 as ponded water started accumulating on both sides of the road. Visual
observations on May 28 showed minimal meltwater at gage station S9 (Photo F.1). Any meltwater from Lake
M9925 traveled through a low-lying area to the west of S9 and passed through culvert GMT2-70 and 71. On May
28, flow was measured at various culverts to the east, but meltwater through these culverts was disconnected
from Lake M9925.

On June 3, aerial observations revealed differential ponding around the S9 gage area. Meltwater had reached the
embankment on the south (upstream) side of the alignment and ponding was observed extending from culvert
GMT2-72 to GMT2-75 (Photo F.2). The ice road had deteriorated and was submerged under ponded water and
likely impacted the drainage in this area. By June 4, water was observed flowing through the S9 culverts,
although a small area of differential ponding was still observed around GMT2-72 and GMT2-73.

On July 2, field crews returned to S9 to further inspect the area of ponding around culvert GMT2-72 and GMT2-
73. The appearance of differential ponding was still observed (Photo F.3). Historical aerial imagery reveals that
the road alignment bisects a poorly defined natural drainage and, absent the road, the northernmost extent of
meltwater ponding may not extend beyond the northernmost extent of the road footprint. Therefore, it is
uncertain whether moving existing culverts or installing an additional culvert would improve drainage or decrease
the appearance of differential ponding in the area.

Meltwater at the S9 gage stations did not reach the PTs. Visual observations and aerial photography suggest peak
stage occurred around June 2. The ice road, being in close proximity to the GMT2 road, caused drifted snow to
accumulate between the two roads, which temporarily impacted culvert performance. With the exception of
temporary blockage from drifted snow accumulation, all culverts were observed to be functioning as designed

and natural drainage patterns in the area were maintained.

S9 spring breakup stage data is provided in Graph 3.2. Measured discharge data is presented in section 3.4.
Photos are provided in Appendix F.1.
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Graph 3.2: S9 Water Surface Elevations

3.3.2 S10 Culverts (GMT2-60 through GMT2-69)

The S10 monitoring location is situated on the east end of a paleolake between Lakes M9923 and M9913.
Culverts GMT2-60 through GMT2-64 are located in the paleolake while culverts GMT2-65 through GMT2-69 are
located on higher ground to the east. An ice road adjacent to the south embankment of the GMT2 road affected

drainage in the area.

Local melt was first observed in the S10 monitoring location on May 27 as meltwater pooled in low areas of the
associated paleolake on both sides of the road. Differential ponding was observed at culvert GMT2-64, with larger
guantities of meltwater on the south (upstream) side of the alignment (Photo F.4). On May 28, field crews walked
the alignment and discovered the culvert installation cap was still in place on the inlet of culvert GMT2-64. Once
this cap was removed, rapid flow through the culvert was observed as the area hydraulically equalized. By May
29, meltwater had cut flow paths through the ice road at most culvert locations. Flow was confirmed through
culvert GMT2-61, GMT2-65 and GMT2-67. At GMT2-61, ponded water and differential pooling was observed on
the south side of the road, but flow through GMT2-61 suggests the ponding was due to a partially blocked culvert

(Photo F.5).

On June 3, aerial observations revealed hydraulically equalized conditions at most locations. Areas of minor
ponding were still observed at GMT2-61 (Photo F.6). On June 4, discharge was measured through culverts that
were conveying flow, although stage had receded relative to the May 29 measurement. Aerial observations from
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July 2 show equalized hydraulic conditions in the area and any ponded water at GMT2-61 had dissipated (Photo
F.7).

PT data indicates peak stage occurred at S10-B on May 25. Meltwater at the S10-A gage did not reach the PT.
The ice road, being in close proximity to the GMT2/MT7 road, caused drifting snow to accumulate between the
two roads, which temporarily impacted drainage. With the exception of temporary blockage from drifted snow
accumulation, all culverts were observed to be functioning as designed and natural drainage patterns in the area

were maintained.
S10 spring breakup stage data is provided in Graph 3.3. Measured discharge data is presented in section 3.4.
Photos are provided in Appendix F.2.
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Graph 3.3: S10 Water Surface Elevations

3.3.3 S11 Culverts (GMT2-40 through GMT2-59)

The S11 monitoring location is situated on the southwest corner of a paleolake between Lakes M9923 and
M9922. Culverts GMT2-56 through GMT2-57 are located in this paleolake, while the other culverts are located
outside the paleolake depression. An ice road adjacent to the south embankment of the GMT2/MT7 road affected

drainage in the area.

Local melt was first observed in the S11 area on May 27 as meltwater, impeded by the ice road, collected in the
associated paleolake on the south side of the GMT2/MT7 road. Differential ponding was observed near culvert
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GMT2-41 on May 28 (Photo F.8). Differential ponding was also observed around S11 at culvert GMT2-56 (Photo
F.9). On May 29, field crews landed at GMT2-56 to inspect conditions at the site. The south (inlet) end was
mostly submerged and appeared to be blocked (Photo F.10), and the north (outlet) end of GMT2-56 was dry
(Photo F.11). In addition, the ice road was blocking drainage, leading to large quantities of meltwater
accumulating in the associated paleolake to the south.

Aerial observations from June 3 revealed little change. Differential ponding was still observed near S11 at culvert
GMT2-56 (Photo F.12) and further west at culvert GMT2-41 (Photo F.13). The ice road and ice blockage in
culverts were likely the main cause for poor drainage in the area. On June 4, increased meltwater conveyance
through the culverts suggested culvert relief from blockage. Culvert GMT2-56 was observed to be conveying
flow, and aerial observations revealed the partial restoration of natural drainage patterns as compared with the
previous day (Photo F.14). Ponding on the south side of the alignment around GMT2-41 was still present,
although flow through the culvert was observed and measured. The deteriorating ice road had allowed pooled
meltwater to reach the toe of the embankment at the GMT2-41 inlet (Photo F.15).

On July 2, field crews returned to S11 to further inspect the area of ponding around culverts GMT2-56 and GMT2-
41. The area around GMT2-41 appeared hydraulically equalized and mostly dry (Photo F.16). The appearance of
differential ponding around culvert GMT2-56 was still observed based on aerial photography (Photo F.17). Similar
to S9, historical aerial imagery reveals that the road alignment bisects a poorly defined natural drainage and,
absent the road, the northernmost extent of meltwater ponding may not extend beyond the northernmost extent
of the road footprint. Therefore, it is uncertain whether moving existing culverts or installing an additional culvert
would improve drainage or decrease the appearance of differential ponding in the area.

PT data indicates peak stage occurred at S11-B on May 25. Meltwater at the S11-A gage did not reach the PT.
The ice road, being in close proximity to the GMT2/MT7 road, caused drifting snow to accumulate between the
two roads which affected drainage. With the exception of temporary blockage from drifted snow accumulation,
all culverts were observed to be functioning as designed and natural drainage patterns in the area were
maintained.

S11 spring breakup stage data is provided in Graph 3.4. Measured discharge data is presented in section 3.4.
Photos are provided in Appendix F.3.
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Graph 3.4: S11 Water Surface Elevations

3.3.4 S12 Culverts (GMT2-20 through GMT2-39)

The S12 monitoring location is situated in a small swale depression between Lake Z06005 and MB0401. Culverts
GMT2-29 through GMT2-32 are near the S12 gage station while the other culverts are situated outside of the
small swale. An ice road adjacent to the south embankment of the GMT2/MT7 road affected drainage in the

area.

Local meltwater was first observed at S12 on May 27. In general, the ice road was impeding meltwater from
reaching the south (inlet) end of the culverts, however, photographic documentation suggests some meltwater
draining from Lake Z06005 had cut a path through the ice road and was flowing through culvert GMT2-31 (Photo
F.18). Aerial observations also indicate natural drainage patterns were maintained through an ice road
intersection constructed around culvert GMT2-28 (Photo F.19). By May 28, flow paths through the ice road were
observed at most culverts. An overflight performed on June 3 confirmed hydraulically equalized conditions across
the area, however, at S12, meltwater from a small lake on the south (upstream) side of the alignment was
reaching and sloughing the embankment around GMT2-31 (Photo F.20). Aerial observations from July 2 show
equalized hydraulic conditions in the area (Photo F.21).

PT data indicates peak stage occurred at S12-B and S12-A on May 24. The ice road, being near the GMT2/MT7
road, caused drifting snow to accumulate between the two roads which affected drainage. With the exception of
temporary blockage from drifted snow accumulation, all culverts were observed to be functioning as designed
and natural drainage patterns in the area were maintained.
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S12 spring breakup stage data is provided in Graph 3.5. Detailed measured discharge data is presented in section
3.4. Photos are provided in Appendix F.4.
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Graph 3.5: S12 Water Surface Elevations

3.3.5 S13 Culverts (GMT2-01 through GMT2-19)

The S13 monitoring location is situated in small, poorly defined network of polygon troughs near the GMT2/MT7
pad location. Culverts GMT2-01 through GMT2-04 are located in this series of polygons while culverts GMT2-05

through GMT2-20 are located on higher ground to the west. An ice road adjacent to the south embankment of

the GMT2/MT7 road affected hydraulic performance in the area. In July 2019, a 4-foot extension was added to

culvert GMT2-001 because the road was wider than originally designed at this location (Photo F.22).

Local melt was first observed around S13 on May 27. On this day, ponded meltwater was observed on both sides
of the GMT2/MT7 road, with more water ponding on the north (downstream) side in a low-lying area. Meltwater
was encroaching but had not reached the toe of the embankment on the north side (Photo F.23). On May 29,
areas of ponded water reached the embankment on the south side of the alignment, particularly around the road
and pad intersection between GMT2-01 and GMT2-02, and near culvert GMT2-04 and GMT2-08 (Photo F.24).
Flow was observed and measured through culvert GMT2-12. By June 2, the area was mostly hydraulically
equalized, and stage had receded considerably (Photo F.25). Snow cover on the surrounding tundra was less
than 5%. Discharge was measured again through GMT2-12 on June 4, although stage had receded relative to the

May 29 measurement.
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Meltwater at the S13-B gage stations did not reach the PTs. Visual observations and aerial photography suggest
peak stage occurred around May 30. With the exception of temporary blockage from drifted snow accumulation,
all culverts were observed to be functioning as designed and natural drainage patterns in the area were
maintained.

S13 spring breakup stage data is provided in Graph 3.6. Detailed measured discharge data is presented in section
3.4. Photos are provided in Appendix F.5.
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Graph 3.6: S13 Water Surface Elevations

3.4 Discharge Measurements

Discharge was measured on May 28, May 29, and June 4 at culverts observed conveying flow. A summary of the
discharge measurements is presented in Table 2.
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Table 2: GMT2/MT7 Access Road Culvert Discharge

Culvert Measured Measured
Culvert MeasurerT\ent Date .Inside Flow ;Area Depth of ey Discharge
& Time Diameter (ft%) Flow (fps) (cfs)
(ft) (ft)

GMT2-64 5/28/2019 14:00 2.00 1.17 0.32 8.40 9.86
GMT2-65 5/28/2019 13:24 2.00 0.16 0.08 4.44 0.73
GMT2-67 5/28/2019 13:14 2.00 0.16 0.08 2.03 0.33
GMT2-71 5/28/2019 12:41 2.00 0.16 0.08 4.25 0.69
GMT2-74 5/28/2019 12:28 2.00 0.45 0.16 0.81 0.36
GMT2-77 5/28/2019 12:12 2.00 1.17 0.32 0.37 0.43
GMT2-79 5/28/2019 11:59 2.00 0.45 0.16 0.12 0.06
GMT2-12 5/29/2019 16:19 2.00 0.98 0.28 1.82 1.78
GMT2-21 5/29/2019 16:30 2.00 1.17 0.32 1.85 2.17
GMT2-26 5/29/2019 16:38 2.00 0.61 0.20 3.13 1.92
GMT2-31 5/29/2019 16:52 2.00 1.77 0.44 0.76 1.34
GMT2-34 5/29/2019 15:55 2.00 0.61 0.20 2.67 1.64
GMT2-51 5/29/2019 15:37 3.00 1.78 0.36 1.00 1.79
GMT2-52 5/29/2019 15:32 3.00 2.94 0.52 1.06 3.10
GMT2-53 5/29/2019 15:25 2.00 2.16 0.52 2.55 5.51
GMT2-61 5/29/2019 14:54 2.00 0.61 0.20 4.44 2.73
GMT2-12 6/4/2019 15:08 2.00 0.53 0.18 0.38 0.20
GMT2-26 6/4/2019 15:32 2.00 0.23 0.10 1.35 0.31
GMT2-30 6/4/2019 15:43 2.00 1.27 0.34 0.26 0.33
GMT2-41 6/4/2019 16:05 2.00 1.08 0.30 8.05 8.66
GMT2-53 6/4/2019 16:30 2.00 1.57 0.40 0.83 1.31
GMT2-56 6/4/2019 16:41 2.00 0.98 0.28 5.14 5.04
GMT2-64 6/4/2019 16:59 2.00 0.45 0.16 2.95 1.32
GMT2-70 6/4/2019 14:25 2.00 0.11 0.06 0.86 0.09
GMT2-71 6/4/2019 14:19 2.00 0.11 0.06 2.27 0.24
GMT2-72 6/4/2019 13:48 2.00 0.16 0.08 3.12 0.51
GMT2-73 6/4/2019 13:52 2.00 0.98 0.28 6.01 5.89
GMT2-74 6/4/2019 13:57 2.00 0.79 0.24 4.04 3.20
GMT2-75 6/4/2019 14:02 2.00 0.16 0.08 4.69 0.77

3.5 Culvert Performance Evaluation

No performance issues were identified at any culverts along the GMT2/MT7 access road. Temporary ponded
water was present in drainages at several locations along the access road but was attributed to the ice road,
snow or culvert caps frozen in place impeding flow and not culvert placement (Photo 3.1 and Photo 3.2).
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Lake
MBO401]

- GMT2-48S

N\

Photo 3.1: Culvert GMT2-48 and adjacent ice road, Photo 3.2: Local ponding at culvert GMT2-26
looking north; June 4, 2019 looking north; June 3, 2019

Some culvert caps left in place were blocking flow (Photo 3.3). In addition, drifted snow and the adjacent ice road
also impeded drainage in some locations (Photo 3.4 and Photo 3.5). Once conveyance paths were established by
either removing culvert caps or meltwater naturally cutting through snow/ice, the culverts all performed as
designed and natural drainage patterns were maintained (Photo 3.6 and Photo 3.7). With exception of the
minimal sloughing observed at culvert GMT2-31, no displacement of uncompacted gravel fill attributed with
spring breakup flooding was observed along the road embankment or around culvert inlets and outlets. There
were no signs of undermining at drainage structures. Several culverts were perched on either the north or south
sides of the road which may lead to the development of scour holes (Photo 3.8). Besides these perched culverts,
no culvert maintenance, repair, upgrade, setting adjustments, and/or replacements are recommended at this
time.

COHOCO‘F/’hiIIips Michael Baker

Alaska INTERNATIONAL 07.12.19- PAGE 14



I GMT2/MT7 SPRING BREAKUP

Photo 3.3: Culvert GMT2-64S blocked by a culvert
cap, looking south; May 28, 2019

Photo 3.4: Culvert GMT2-60 and adjacent ice road,

lale
TIE040]

Photo 3.5: Ponded water on the north side of
GMT2/MT7 access road near culvert GMT2-28,
looking west; June 3, 2019

2019 CULVERT MONITORING REPORT

looking south; May 29, 2019

Photo 3.6: Meltwater on both sides of the GMT2/MT7
access road near S9 monitoring location, looking
northeast; June 3, 2019
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GMT2-72N_

\
Y]

GMT2-25N %

’.

Photo 3.7: Meltwater on both sides of the Photo 3.8: Culvert GMT2-72 perched on the north

GMT2/MT7 access road near culvert GMT2-22, (DS) side of the GMT2/MT7 access road, looking
looking north; June 3, 2019 southwest; June 4, 2019
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Appendix A Culvert Locations & Properties
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. . Outside Outside Wall Inside
. Latitude Longitude K X . .
Culvert Station (NADS3) (NADS3) DIET T Diameter Thickness1 Diameterl
(in) (ft) (ft) (ft)
GMT2-79S 70.2571° -151.4860°
GMT2-80N 70.2578° -151.4830°
GMT2-80S 429+09 70.2576° -151.4828° 24 2 0.052 1.90
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Appendix B

Gage & Associated Vertical Control Locations

. Gage Position Gage Location X Vertical Co
Monitoring . " " Associated " "
Location Gage ID Relative to Latitude Longitude Vertical Control Latitude Longitude
Road (NADS83) (NADS83) (NADS83) (NADS83)
S9-A downstream 70.2518° -151.5070° 70.2517° -151.5069°
59 S9-B upstream 70.2514° -151.5062° GMT2/MT7-72N 70.2516° -151.5066°
S10-A downstream 70.2419° -151.5313° 70.2418° -151.5310°
510 S10-B upstream 70.2415° -151.5301° CRUR U 70.2416° -151.5306°
S11-A downstream 70.2328° -151.5538° 70.2328° -151.5536°
S11 GMT2/MT7-56N
S11-B upstream 70.2326° -151.5524° / 70.2326° -151.5530°
S12-A downstream 70.1974° -151.5940° 70.1974° -151.5938°
12 MT2/MT7-31N
S S12-B upstream 70.1974° -151.5928° G / 3 70.1974° -151.5933°
S13-A downstream 70.1759° -151.6893°
1 PBM-16 70.1751° -151.6883°
513 S13-B upstream 70.1756° -151.6886°
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Appendix C  PT Setup, Testing & Processing Methods

PTs measure the absolute pressure of the atmosphere and water, allowing the depth of water above the sensor
to be calculated. Resulting data yield a comprehensive record of the fluctuations in water levels. The reported
pressure is the sum of the forces imparted by the water column and atmospheric conditions. Variations in local
barometric pressure are taken into account, using two independent barometric pressure loggers: In-Situ
BaroTROLL® and Solinst Barologger®. A correction of barometric pressure was obtained from the Barologger
installed at the Colville River East Channel horizontal directionally drilled pipeline crossing. The PT sensors were
surveyed during spring breakup setup to establish a vertical datum using local control.

All PTs were tested before field mobilization and configured using Win-Situ® LT 5.6.21.0 (for the Level TROLL
500s) or Solinst Levelogger® v4.0.3 (for the Solinst Leveloggers) software prior to placement in the field.
Absolute pressure was set to zero.

PT-based water level values were determined by adding the calculated water depth and the surveyed sensor
elevation. PTs have the potential to drift and can be affected by ice and sediment. Gage WSE readings were used
to validate and adjust the data collected by the PTs. A standard conversion using the density of water at 0°C was
used to calculate all water depths from adjusted gage pressures. Fluctuations in water temperature during the
sampling period did not affect WSE calculations because of the limited range in temperature and observed water
depths.

Conocc‘)'ﬁ-.inips Michael Baker

Alaska INTERNATIONAL 07.27.18 = PAGE C.1



| GMT2/MT7 SPRING BREAKUP

2019 CULVERT MONITORING REPORT
Appendix D  Discharge Methods

Standard USGS velocity/area techniques (Bodhaine 1968) were used to measure depth of flow and velocity to
determine discharge at each culvert experiencing flow. Depth of flow and velocity were measured on the
downstream end of the culvert using a HACH FH950 electromagnetic velocity meter attached to a wading rod.
The accuracy of the HACH meter is + 2% of the reading, + 0.05 ft/s between 0 ft/s and 10 ft/s, and + 4% of the
reading from between 10 ft/s and 16 ft/s.
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Observation
Date

Culvert ID

Flow

Conditions

Flow
Direction

2019 CULVERT MONITORING REPORT

GMT2 Road Culvert Visual Observation Summary

5/28/2019 | 12:00 | GMT2-80 Flowing - Minimal flow

5/28/2019 | 12:00 | GMT2-79 Flowing South to North -

5/28/2019 | 12:00 | GMT2-78 Stagnant - Possible ice road impact

5/28/2019 | 12:15 | GMT2-77 Flowing South to North -

5/28/2019 | 12:15 | GMT2-76 Stagnant - Possible blockage. % submerged inlet, dry outlet
5/28/2019 | 12:30 | GMT2-75 Flowing South to North Minimal flow

5/28/2019 | 12:30 | GMT2-74 Flowing South to North -

5/28/2019 | 12:30 | GMT2-73 Stagnant - Equalized

5/28/2019 | 12:30 | GMT2-72 Flowing South to North Minimal flow

5/28/2019 | 12:45 | GMT2-71 Flowing South to North -

5/28/2019 | 13:00 | GMT2-70 Flowing - Minimal flow

5/28/2019 | 13:00 | GMT2-69 Stagnant - Possible ice road impact

5/28/2019 | 13:00 | GMT2-68 Flowing South to North Minimal flow

5/28/2019 | 13:15 | GMT2-67 Flowing South to North -

5/28/2019 | 13:30 | GMT2-65 Flowing South to North -

5/28/2019 | 13:30 | GMT2-64 Flowing South to North Blocked. Cap present

5/28/2019 | 14:00 | GMT2-64 Flowing South to North After removing cap

5/29/2019 | 15:00 | GMT2-61 Flowing South to North -

5/29/2019 | 15:00 | GMT2-60 Stagnant - Possible ice road impact

5/29/2019 | 15:00 | GMT2-59 Dry - Minimal meltwater

5/29/2019 | 15:00 | GMT2-58 Stagnant - Possible ice road impact

5/29/2019 | 15:15 | GMT2-57 Stagnant - Possible ice road impact

5/29/2019 | 15:15 | GMT2-56 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:15 | GMT2-55 Stagnant - Possible ice road impact/blockage. % submerged inlet, dry outlet
5/29/2019 | 15:15 | GMT2-54 Stagnant - Possible ice road impact

5/29/2019 | 15:30 | GMT2-53 Flowing South to North -

5/29/2019 | 15:30 | GMT2-52 Flowing South to North -

5/29/2019 | 15:30 | GMT2-51 Flowing South to North -

5/29/2019 | 15:45 | GMT2-50 Stagnant - Possible ice road impact

5/29/2019 | 15:45 | GMT2-49 Stagnant - Possible ice road impact

5/29/2019 | 15:45 | GMT2-48 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:45 | GMT2-47 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:45 | GMT2-46 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:45 | GMT2-45 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:45 | GMT2-44 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:45 | GMT2-43 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:45 | GMT2-42 Dry - Minimal meltwater

5/29/2019 | 15:45 | GMT2-41 Dry - Meltwater present. Drainage impeded by ice road
5/29/2019 | 15:45 | GMT2-40 Dry - Blocked. Cap present

5/29/2019 | 15:45 | GMT2-39 Stagnant - Possible ice road impact

5/29/2019 | 15:45 | GMT2-38 Stagnant - Possible ice road impact

5/29/2019 | 15:45 | GMT2-37 Stagnant - Possible ice road impact

5/29/2019 | 16:00 | GMT2-36 Stagnant - Possible ice road impact

5/29/2019 | 16:00 | GMT2-35 Stagnant - Possible ice road impact

5/29/2019 | 16:00 | GMT2-34 Flowing North to South -

5/29/2019 | 16:00 | GMT2-02 Stagnant - Equalized

5/29/2019 | 16:15 | GMT2-01 Stagnant - Possible ice road impact

5/29/2019 | 16:15 | GMT2-03 Stagnant - Equalized

5/29/2019 | 16:15 | GMT2-04 Stagnant - Equalized

5/29/2019 | 16:15 | GMT2-05 Stagnant - Equalized

5/29/2019 | 16:15 | GMT2-06 Stagnant - Equalized
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Observation Culvert ID Flow Flow
Date Conditions Direction
5/29/2019 | 16:15 | GMT2-07 Stagnant - Equalized
5/29/2019 | 16:15 | GMT2-08 Dry - Minimal meltwater
5/29/2019 | 16:15 | GMT2-09 Stagnant - Equalized
5/29/2019 | 16:15 | GMT2-10 Stagnant - Possible ice road impact
5/29/2019 | 16:15 | GMT2-11 Stagnant - Possible ice road impact
5/29/2019 | 16:15 | GMT2-12 Flowing North to South -
5/29/2019 | 16:30 | GMT2-13 Stagnant - Equalized
5/29/2019 | 16:30 | GMT2-14 Dry - Minimal meltwater
5/29/2019 | 16:30 | GMT2-15 Stagnant - Equalized
5/29/2019 | 16:30 | GMT2-16 Stagnant - Equalized
5/29/2019 | 16:30 | GMT2-17 Stagnant - Equalized
5/29/2019 | 16:30 | GMT2-18 Stagnant - Equalized
5/29/2019 | 16:30 | GMT2-19 Stagnant - Possible ice road impact
5/29/2019 | 16:30 | GMT2-20 Stagnant - Possible ice road impact
5/29/2019 | 16:30 | GMT2-21 Flowing North to South -
5/29/2019 | 16:30 | GMT2-22 Stagnant - Possible ice road impact
5/29/2019 | 16:30 | GMT2-23 Stagnant - Possible ice road impact
5/29/2019 | 16:30 | GMT2-24 Stagnant - Possible ice road impact
5/29/2019 | 16:30 | GMT2-25 Stagnant - Possible ice road impact
5/29/2019 | 16:45 | GMT2-26 Flowing North to South -
5/29/2019 | 16:45 | GMT2-27 Stagnant - Possible ice road impact
5/29/2019 | 16:45 | GMT2-28 Stagnant - Possible ice road impact
5/29/2019 | 16:45 | GMT2-29 Stagnant - Possible ice road impact/blockage. % submerged inlet, dry outlet
5/29/2019 | 16:45 | GMT2-30 Stagnant - Possible ice road impact
5/29/2019 | 16:45 | GMT2-31 Flowing North to South -
5/29/2019 | 17:00 | GMT2-32 Stagnant - Possible ice road impact
5/29/2019 | 17:00 | GMT2-33 Stagnant - Possible ice road impact
6/4/2019 13:45 | GMT2-72 Flowing South to North -
6/4/2019 13:45 | GMT2-73 Flowing South to North -
6/4/2019 14:00 | GMT2-74 Flowing South to North -
6/4/2019 14:00 | GMT2-75 Flowing South to North -
6/4/2019 14:15 | GMT2-76 Dry - Minimal meltwater
6/4/2019 14:15 | GMT2-71 Flowing South to North -
6/4/2019 14:30 | GMT2-70 Flowing South to North Minimal flow
6/4/2019 14:45 | GMT2-05 Dry - Perched. Minimal meltwater
6/4/2019 14:45 | GMT2-06 Stagnant - Equalized. Cap present but not blocking flow path
6/4/2019 14:45 | GMT2-07 Dry - Minimal meltwater. Cap present but not blocking flow path
6/4/2019 15:00 | GMT2-10 Stagnant - Possible blockage. % submerged inlet, dry outlet
6/4/2019 15:00 | GMT2-11 Stagnant - Possible blockage. % submerged inlet, dry outlet
6/4/2019 15:15 | GMT2-12 Flowing North to South -
6/4/2019 15:30 | GMT2-14 Dry - Perched. Minimal meltwater
6/4/2019 15:30 | GMT2-15 Dry - Minimal meltwater
6/4/2019 15:30 | GMT2-17 Stagnant - Equalized
6/4/2019 15:30 | GMT2-18 Stagnant - Equalized
6/4/2019 15:30 | GMT2-19 Stagnant - Equalized
6/4/2019 15:30 | GMT2-20 Stagnant - Equalized
6/4/2019 15:30 | GMT2-21 Stagnant - Equalized
6/4/2019 15:30 | GMT2-22 Stagnant - Possible ice road impact
6/4/2019 15:30 | GMT2-23 Stagnant - Equalized
6/4/2019 15:30 | GMT2-24 Stagnant - Possible ice road impact
6/4/2019 15:30 | GMT2-25 Stagnant - Possible ice road impact
6/4/2049 15:30 | GMT2-26 Flowing North to South -
6/4/2019 15:45 | GMT2-27 Stagnant - Possible ice road impact
6/4/2019 15:45 | GMT2-28 Stagnant - Possible ice road impact
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6/4/2019 15:45 | GMT2-29 Stagnant - Possible ice road impact
6/4/2019 15:45 | GMT2-30 Stagnant - Possible ice road impact
6/4/2019 15:45 | GMT2-31 Flowing North to South -

6/4/2019 16:00 | GMT2-32 Stagnant - Possible ice road impact/blockage. % submerged inlet, dry outlet
6/4/2019 16:00 | GMT2-33 Stagnant - Possible ice road impact
6/4/2019 16:00 | GMT2-34 | Stagnant - Equalized
6/4/2019 16:00 | GMT2-35 Stagnant - Equalized
6/4/2019 16:00 | GMT2-36 Stagnant - Possible ice road impact/blockage. Submerged inlet, dry outlet
6/4/2019 16:00 | GMT2-37 Stagnant - Possible ice road impact
6/4/2019 16:00 | GMT2-38 Stagnant - Equalized
6/4/2019 16:00 | GMT2-39 Stagnant - Possible ice road impact
6/4/2019 16:00 | GMT2-40 Dry - Minimal meltwater
6/4/2019 16:00 | GMT2-41 Flowing South to North -

6/4/2019 16:15 | GMT2-42 Stagnant - Possible ice road impact
6/4/2019 16:15 | GMT2-43 Stagnant - Equalized
6/4/2019 16:15 | GMT2-44 Stagnant - Possible ice road impact. Minimal flow observed
6/4/2019 16:30 | GMT2-45 Stagnant - Possible ice road impact
6/4/2019 16:30 | GMT2-46 Stagnant - Equalized
6/4/2019 16:30 | GMT2-47 Stagnant - Possible ice road impact
6/4/2019 16:30 | GMT2-48 Dry - Meltwater present. Drainage impeded by ice road
6/4/2019 16:30 | GMT2-49 Stagnant - Possible ice road impact
6/4/2019 16:30 | GMT2-50 Stagnant - Possible ice road impact
6/4/2019 16:30 | GMT2-51 Stagnant - Equalized
6/4/2019 16:30 | GMT2-52 Stagnant - Equalized
6/4/2019 16:30 | GMT2-53 Flowing South to North -

6/4/2019 16:45 | GMT2-54 Stagnant - Possible ice road impact
6/4/2019 16:45 | GMT2-55 Stagnant - Possible ice road impact
6/4/2019 16:45 | GMT2-56 Flowing - -

6/4/2019 17:00 | GMT2-57 Stagnant - Possible ice road impact
6/4/2019 17:00 | GMT2-58 Stagnant - Possible ice road impact
6/4/2019 17:00 | GMT2-59 Dry - Minimal meltwater
6/4/2019 17:00 | GMT2-60 Dry - Minimal meltwater
6/4/2019 17:00 | GMT2-61 Flowing South to North -

6/4/2019 17:00 | GMT2-62 Dry - Minimal meltwater
6/4/2019 17:00 | GMT2-63 Dry - Minimal meltwater
6/4/2019 17:00 | GMT2-64 Flowing South to North -

6/4/2019 17:00 | GMT2-65 Flowing - Minimal flow. Perched
6/4/2019 17:15 | GMT2-66 Flowing - Minimal flow
6/4/2019 17:15 | GMT2-67 Flowing - Minimal flow
6/4/2019 17:15 | GMT2-68 Flowing - Minimal flow
6/4/2019 17:15 | GMT2-69 Stagnant - Equalized
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Appendix F Monitoring Location Photos

F.1 S9 Monitoring Location

Photo F.1: Minimal meltwater at S9, looking Photo F.2: Differential ponding near GMT2-75,
south; May 28, 2019 looking west; June 3, 2019

Photo F.3: Summer conditions near S9, looking southwest; July 2, 2019
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F.2 510 Monitoring Location
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Photo F.4: Meltwater accumulation near S10, Photo F.5: Differential ponding near GMT2-61,
looking south; May 27, 2019 looking northeast; May 29, 2019
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Photo F.6: Areas of ponding near GMT1-61, Photo F.7: Summer conditions near S10,
looking northeast; June 3, 2019 looking south, July 2, 2019
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F.3 S11 Monitoring Location
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Photo F.8: Differential ponding near GMT2-41, Photo F.9: Differential ponding near S11,
looking south; May 28, 2019 looking south; May 28, 2019

Photo F.10: Blocked culvert GMT2-56 inlet with Photo F.11: Dry conditions at GMT2-56 outlet,
meltwater ponding, looking south; May 29. looking north; May 29, 2019
2019

Conoco‘TDIhinips Michael Baker

Alaska INTERNATIONAL 07.27.18 = PAGE F.1




I GMT2/MT7 SPRING BREAKUP

2019 CULVERT MONITORING REPORT

- k . =
Mggﬁ{nn@gjs Sil

Photo F.12: Differential ponding near S11, Photo F.13: Differential ponding near culvert

looking north; June 3, 2019 GMT2-41, looking west; June 3, 2019
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Photo F.14: Restoration of natural drainage Photo F.15: Continued differential ponding near
pattern near S11, looking south; June 4, 2019 GMT2-41, looking south; June 4, 2019
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GMT2-41

-

Photo F.16: Equalized summer conditions near Photo F.17: Summer conditions near S11,
GMT2-41, looking south; July 2, 2019 looking south; July 2, 2019
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F.4 S12 Monitoring Location
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Photo F.18: Hydraulic conditions around S12,
looking south; May 27, 2019

Photo F.19: Ice road intersection around S12,
looking southeast; May 27, 2019
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Photo F.20: Minor sloughing near culvert GMT2-
31, looking west; May 29, 2019
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Photo F.21: Summer conditions near S12; July 2,
2019
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F.5 S13 Monitoring Location

a

Photo F.22: Extension on culvert GMT2-01, looking Photo F.23: Meltwater around S13, looking south;
west; July 2019 May 27, 2019

Photo F.24: Ponding near S13, looking north; Photo F.25: Hydraulically equalized conditions near
May 29, 2019 S13, looking north; June 2, 2019
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