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WATER SOURCE AND QUALITY INVESTIGATIONS 
FOR 

POTENTIAL RELOCATION SITES 
KIVALINA, ALASKA 

 

1.0 INTRODUCTION 

1.1 BACKGROUND 
The U.S. Army Corps of Engineers – Alaska District (USACE-AD) is currently conducting a 
Relocation Master Plan Project for the community of Kivalina.  The purpose of the Master Plan 
is to provide the community of Kivalina and relocation stakeholders preliminary facility designs, 
costs, schedules, and a decision matrix so that a village site can be selected, and the relocation 
effort can continue. Six relocation sites are being considered, along with a seventh alternative to 
improve the existing site.  The sites include Simiq, Imnakuk Bluffs, Tatchim Isua, Kiniktuuraq, 
Igrugiavik, and Kuugruaq. 

The required water resources for each of the sites will be determined by the chosen water and 
sewer system.  Based on a design population of 950 people, the difference of fully piped water 
and sewer system and a self haul system is dramatic.  A piped system will require approximately 
60 gpcd, and a self haul system will require only 10 gpcd.  For surface water stream sources, it is 
not feasible to take all the water in the creek.  A creek should have a flow rate 3 to 4 times the 
proposed withdraw rate.  To meet these demands, the stream flow rates will need to be 
approximately 160 GPM and 27 GPM respectively.  The storage requirements of water will also 
be determined by the seasonal fluctuation of water flow rates.  

Tryck Nyman Hayes, Inc. (TNH) has been tasked by the Corps to conduct a literature review of 
local geology and hydrology and develop a scope of work for field water quality sampling and 
geophysical investigations of potential community water sources for each village relocation site. 

1.2 CONTRACT AUTHORIZATION 
This study has been conducted under the terms of Contract No. DACW85-03-D-0006, Delivery 
Order No. 07, Mod 5 between the U.S. Army Engineer District, Alaska, and Tryck Nyman 
Hayes, Inc.  This work is supplemental to the Master Relocation Study currently being prepared. 

1.3 PURPOSE AND SCOPE 
The purpose of the report is to complete a literature review of local geology and hydrology, with 
respect to determining the most likely location depth and yield for a public surface, or 
groundwater water supply source for each of the seven potential relocations sites.  In addition, 
data gaps are to be identified and future scopes of work for field surface water quality/quantity 
sampling (all sites) and geophysical investigations (if deemed necessary) will be prepared.  
Village relocation sites include: 

• Improving the existing townsite of Kivalina 

• Simiq 

• Imnakuk Bluff 

• Tatchim Isua 
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• Kiniktuuraq 

• Igrugaivik 

• Kuugruaq 

Potential water sources include the Wulik River, the Kivalina River, the Asikpak River, Imnakuk 
Creek, the small stream that flows through the Imnakuk Bluff site, lakes and small watercourses 
near the sites.  The Area Location Map in Appendix A shows the locations of the village 
relocation sites and potential surface water sources. 

1.4 EXISTING DATA AND LITERATURE REVIEW 
In accordance with the scope of work, the following documents were sought and reviewed for 
information pertaining to water resources for each relocation site: 

• USGS topographic maps; 

• USGS geological maps; 

• Discharge data from USGS gauging stations on Wulik and Kivalina Rivers and Ikalulrok 
Creek; 

• Discharge data from other pertinent comparable USGS gauging stations with discharge 
data along the Chukchi coast; 

• Geophysical Groundwater Source Investigations, Kivalina, Alaska by Golder Associates 
(1997), and other surface and ground water investigation data within the study area; 

• Boring logs and water test well results from Phase II Engineering Services Geotechnical 
Investigations by R&M (2002);  

• Most recent color stereo aerial photographs; 

• Most recent color infrared (CIR) photographs; 

• Local precipitation and snow pack data; and 

• Data on lake areas and depths.   

2.0 DATA ANALYZED PER VILLAGE SITE 
For this report, surface water and ground water sources were considered.  Surface water sources 
such as local streams, the Wulik and Kivalina Rivers were analyzed.  Each source could either 
have a surface water intake for collection, or potentially use an infiltration gallery for water 
collection. 

Potential ground water well sources in the region were also analyzed.  However, after a review of 
available ground water information, it was concluded that water wells are not feasible for the 
potential relocation sites.  See Section 5.0 for further explanation. 

Water resource materials and other information were reviewed with respect to each potential 
village relocation site.  A small number of technical reports have been performed for the 
potential relocation sites.   Detailed information from these prior investigations has not been 
repeated in this report.  Please refer to previous reports for specific data. 
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Four previous reports summarize prior investigations, and provide a new analysis of various 
subsurface and aquifer conditions.  

Collected information was analyzed to determine the content and applicability for each 
relocation site’s water resources.  Information that pertains to each site is listed below, along 
with a brief explanation of what was determined.  The reports include:  

• Geophysical Groundwater Source Investigations, Kivalina, Alaska, by Golder Associates, 
(1997); 

• Reconnaissance Geotechnical Investigation, Kivalina Alaska, by R&M Consultants, 
(2000);   

• Phase II Engineering Services Geotechnical Investigations by R&M Consultants, (2002), 
and 

• Geotechnical Investigations of Simiq, Tatchim Isua, and Imnakuk Bluff, by Shannon and 
Wilson, (2006). 

2.1 KIVALINA 
Existing reports identify the Wulik River as the only community water resource for the townsite 
of Kivalina.  Currently, the village obtains water from a point approximately two miles upstream 
from the mouth of the Wulik River.  Water is pumped to the village storage tanks during the 
months when the river is not frozen.  Year round water supply from either an infiltration gallery 
on the Wulik River or from a well are being considered for Kivalina.  Potential water well 
sources for Kivalina were previously investigated, and found not feasible due to saline ground 
water. See Figure 1 (Appendix A) for a location map of potential village relocation sites. 

2.1.1 Existing Geotechnical and Groundwater Information 
Most existing geotechnical information contains shallow test holes that were dug to show 
shallow subsurface conditions.  Very little information exists with respect to potential ground 
water sources.  The following report included historical information on groundwater information 
for Kivalina. 

Geophysical Groundwater Source Investigation, Kivalina. Alaska, by Golder Associates (1997)  

The report scope of work included a study of ground water resources for Imnakuk Bluff, 
Kuugruaq, and Igrugaivik.  The report reviews existing information, analyzing existing well logs 
and performing geophysical investigations at the three relocation sites. The report then 
summarizes the recommendations for test well drilling, and provides a cost estimate for 
exploratory drilling. 

The report cites that water wells drilled near the school by the Bureau of Indian Affairs produced 
only salt water.  These wells were abandoned.  One well was drilled to a depth of 215 feet and 
encountered unconsolidated sediments ranging from clay to gravel.  The location of the wells is 
unknown.  At present, there are no water wells near Kivalina. 

2.1.2 USGS Topographic and Geophysical Maps 
USGS, Noatak, Alaska 67162-A1-TF-250 shows contour information, streams, wetlands, and 
lakes within the region of Kivalina.  From the mapping, it is apparent that the closest surface 
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water source for Kivalina is the Wulik River.  No other surface water sources appear to be 
feasible. 

Reconnaissance geological mapping has been published at a scale of 1:63,360 by the USGS for 
the Noatak C5, D5, D6 and D7 Quadrangles. 

2.1.3 Other Surface and Ground Water Investigations within Study Area 
No other surface or ground water studies have been completed near the townsite of Kivalina.  
However, a sanitary survey conducted in May 2004 by ASCG, Incorporated includes water 
samples of the Wulik River.   

In addition, Travis Peterson Environmental Consulting Group is currently working directly for 
NANA to complete water quality studies of the Wulik River.  The Peterson report focuses on 
runoff quality from Red Dog Mine, and compares data to the baseline water quality data that was 
generated during environmental studies of the mine site.  At the time of this writing, the Peterson 
Group has not reduced the field data into a format that would allow inclusion into this report.  
Telephone conversations with staff report that the Wulik River does have winter flow conditions.  
The report completion is scheduled for 2007.  It is recommended that a copy of the report be 
acquired at a later date. 

2.1.4 Aerial Photography 
Review of aerial photographs in previous reports does not identify potential ground water 
resources for Kivalina. 

Color infrared (CIR) photographs were obtained to help determine potential water sources. These 
photographs were taken in 1978. 

In addition to the CIR photographs, the following color photographs were obtained of Kivalina:  
Three photos of Kivalina are at a scale of 1 inch=1000 feet (taken in 2000), and one photo is 
scaled at 1 inch=800 feet (taken in 1997).  

2.1.5 Discharge Data of Local Streams 
USGS stream gauging station ID 15747000 is located on the Wulik River, measured below 
Tutak Creek, approximately 25 miles northeast of Kivalina. This stream gauging station is one of 
two gauging station near Kivalina or any of the potential relocation sites.  A second steam 
gauging station is located at Ogoturuk Creek, 33 miles northwest.  Ogoturuk site has data that is 
44 years old and the village elders report the area to have different weather patterns than 
Kivalina.  Because of the age of the data and the reported different weather patterns, the 
Ogoturuk Creek gauging station was not used for this report.    

The drainage basin for the station ID 15747000 is 705 square miles, with a mean annual flow of 
1,006 cubic feet per second (cfs). The average flows in April are 17.5 cfs and 3,215.8 cfs in June.  
The drainage basin is composed of both wetlands and mountainous regions.   

2.1.6 Other Information: Lake Volumes, Snow Pack Depth, Precipitation 
There is no existing information on lake volumes and snow pack data in the immediate region of 
Kivalina.  Red Dog and Cape Krusenstern have snow pack information as part of the 
environmental work conducted there.  However, the snow pack data of the mountainous regions 
of Red Dog Mine and Cape Krusenstern can not be directly applied to the runoff basins for the 
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Wulik or Kivalina Rivers.  Wind blown snow and different weather patterns along the coast 
make correlation of snow pack data to runoff rates very difficult.  For this reason, snow pack 
data outside the immediate runoff areas has been discounted. 

Climate data taken from R&M’s 1998 Reconnaissance Geotechnical Investigation shows the 
following:  

2.1.6.1.1 Record 2.1.6.1.2 Kivalina 

Period of Record (yrs.) 1973-1976 

Elevation (m) (datum is NGVD 29) 3 

Mean Annual Temperature (ºC) -7.3 

Mean Max. Daily Temperature (ºC) -2.9 

Mean Min. Daily Temperature (ºC) -11.8 

Record High Temperature (ºC) 24.4 

Record Low Temperature (ºC) -43.9 

Mean Annual Precipitation (cm) 21.0 

Maximum Daily Precipitation (cm) 2.2 (Aug. 1974) 

Mean Annual Snowfall (cm) 148.3 

Maximum Recorded Snow Depth (cm) 109.2 (Jan. 1974) 

 

2.2 SIMIQ 
Existing reports identify the Wulik River and Kivalina River as potential water sources for 
Simiq.  Infiltration galleries, or surface water intakes within either river, may be considered for 
water sources.  Possible ground water supplies are unknown for Simiq.   

Data that pertains to Simiq water resources is included below. 

2.2.1 Existing Geotechnical and Groundwater Information 
Geotechnical Investigations of Simiq, Tatchim Isua, and Imnakuk Bluff, by Shannon and 
Wilson, (2006) (final report on drilling results) 

Test holes drilled in 2005 at the Simiq site showed the area to be underlain by ice.  The site was 
drilled to a depth of 25 feet, with two test holes. Both test holes showed ice from one foot below 
grade to the bottom of the test holes (25 feet). There was no discussion or indication of 
groundwater for this site.  

Phase II Engineering Services, Geotechnical Investigations by R&M (2002).  

The investigations included two 25-feet borings at the Kiniktuuraq site, and borrow site borings 
at Igrugaivik and Kuugruaq.  A test well was also drilled along the Wulik River at the Igrugaivik 
site.  While the testing was not at the Simiq site, the analysis of ground water potential in the 
region may be appropriate to Simiq. 
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A water well test hole located at Igrugaivik was advanced to 41 feet, where the well was 
abandoned due to the high salinity content of the water and soil.  The well location is shown on 
Figure 1 in Appendix A. 

The report concluded that it might be difficult to find a location for a water well, since it appears 
that most or all of the unfrozen (unbounded) soils containing significant amounts of groundwater 
may be saline near Kuugruaq, Igrugaivik, and Kiniktuuraq.  Similar ground water conditions are 
likely to be encountered at Simiq. 

2.2.2 USGS Topographic and Geophysical Maps 
USGS, Noatak, Alaska 67162-A1-TF-250 shows Simiq is an elevated site, surrounded by 
streams, lakes, wetlands, and lakes within the region of Kivalina.  

Reconnaissance geologic mapping has been published at a scale of 1:63,360 by the USGS for the 
Noatak C5, D5, D6 and D7 Quadrangles. 

2.2.3 Other Surface and Ground Water Investigations within Study Area 
The information presented in 2.1.3 applies to Simiq.   No other surface or ground water studies 
have been completed near the Simiq site. 

2.2.4 Aerial Photography 
The only available photography of this site are two (2) 1978 USGS color infrared (CIR) 
photographs. There has been no previous analysis of the photographs. 

2.2.5 Discharge Data of Local Streams 
If the Simiq site is selected as a relocation site, both the Wulik and Kivalina Rivers are potential 
water sources.  The drainage basins and discharge data have been estimated for potential intake 
locations for both rivers. The information presented in 2.1.5 includes discharge data for the 
Wulik River. 

No discharge stations are located on the Kivalina River.  However, analysis of the runoff data 
from the Wulik basin can be applied to the Kivalina River.  Based on using the Kivalina as a 
water source for Simiq, the estimated size of the drainage basin is 187 square miles.  Mean 
annual flow is estimated to be 267 cfs.  Average flows for April and June are 4.6 cfs and 852 cfs, 
respectively.  An estimate of monthly flow is included in Appendix A. 

Selection of an intake site for the Kivalina River will require careful consideration of future 
erosion and influence from salt water pushing up the Kivalina River from tidal and storm 
influences.  Elders report that tidal salt water pushes up the Kivalina River to near the Imnakuk 
Bluff Site.   

2.2.6 Other Information: Lake Volumes, Snow Pack Depth, Precipitation 
The information presented in 2.1.6 applies to Simiq.   No other surface or ground water studies 
have been completed near the Simiq site.   

2.3 IMNAKUK BLUFF 
Existing reports identifying potential water resources for the Imnakuk Bluff site include the 
Kivalina River, Imnakuk Creek, and small drainage basins that flow through the site.  Water well 
drilled into the thaw bulb of the Kivalina River may also be an alternative.  Infiltration galleries 
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or surface water intakes within either river may be considered for water sources.  Data that 
pertains to Imnakuk Bluffs water resources is included below. 

2.3.1 Existing Geotechnical and Groundwater Information 
Two investigations have occurred at the Imnakuk Bluff site.  The investigations included 
geophysical tests by Golder in 1977 and drilling test holes by Shannon and Wilson in 2005. 

Geotechnical Investigations of Simiq, Tatchim Isua, and Imnakuk Bluff, by Shannon and 
Wilson, (2006) (final report on drilling results): 

Four holes were drilled in late summer 2005 at the Imnakuk Bluff Site.  The drilling program did 
not yield any indications of ground water at the site.  Shallow borings up to 25 feet were drilled. 
The borings revealed frozen soil, with ice lenses ranging from 9 feet to 15 feet thick.  

Geophysical Groundwater Source Investigation, Kivalina Alaska, by Golder Associates (1997): 

Geophysical tests at Imnakuk Bluff included an electromagnetic method, known as VLF, which 
can locate steeply dipping structures that have different geoelectric properties from their 
surroundings. VLF survey lines can determine if bedrock fractures are associated with the subtle 
drainage lines identified on the aerial photographs.  The two VLF survey lines, VLF-1 and VLF-
2, had a lack of corresponding anomalies that could indicate that the possible deep conductive 
body is not completely continuous between the two lines. 

Electrical Resistivity Imaging (RI) was also used; a survey technique for developing continuous 
resistivity profiles of the subsurface.  A line named KR-1 was used to determine if the north-
south drainage feature at the site is associated with a hydraulically conductive zone that may be 
connected to a relic thaw bulb associated with the Kivalina River. The KR-2 line was conducted 
in active floodplain deposits to determine the depth of thaw in the active floodplain; however, the 
bottom of the thaw bulb was not detected along the line.  The KR-3 and KR-4 lines were used to 
map the boundary of the thaw bulb between the floodplain and higher lands. 

The report recommended the best location for a test well to be at the northern edge of the 
abandoned floodplain deposits.  The well location targets a potential coarse-grained deposit and a 
potential relic thaw bulb. 

2.3.2 USGS Topographic and Geophysical Maps 
USGS, Noatak, Alaska 67162-A1-TF-250 shows Imnakuk Bluff as an elevated site, sloping 
towards the Kivalina River. 

Reconnaissance geologic mapping has been published at a scale of 1:63,360 by the USGS for the 
Noatak C5, D5, D6 and D7 Quadrangles.    

2.3.3 Other Surface and Ground Water Investigations within Study Area 
No other surface or ground water studies have been completed near the Imnakuk Bluff site. 

2.3.4 Aerial Photography 
Aerial photographs of the project area were obtained and interpreted by Golder for the 1997 
report.  Color infrared (CIR) photographs were obtained to help determine potential water 
sources. These photographs were taken in 1978, and three of them pertain to Imnakuk Bluff. 
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Imnakuk Creek 

In addition to the CIR photographs, the following color photographs were obtained of Imnakuk 
site:  Five photos at a scale of 1 inch=800 feet were taken in 1995.  The photography has 
established vertical and horizontal control that can be used to generate topography of the site. 

2.3.5 Discharge Data of Local Streams 
There is no current discharge data for the Kivalina River, Imnakuk Creek, or other streams in the 
near vicinity of the Imnakuk Bluff site.  If the Imnakuk Bluff site is selected as a relocation site, 
there are various streams and rivers that are located within the vicinity of the site.  Imnakuk 
Creek, IBUNC #1, IBUNC #2, and Kivalina River are potential water sources.   The drainage 
basin and discharge data have been estimated for potential intake locations.  The method used to 
gauge the flow of the streams on September 19, 2005 was a float timed across a measured 
distance of creek or stream.  The cross-section of the stream was also measured. 

IBUNC #1:  Analysis of the IBUNC #1 indicates the estimated size of the drainage basin is 301 
acres. Mean annual flow is estimated to be 303 gallons per minute (gpm).  Average flows for 
April and June are 5 gpm and 967 gpm, respectively.  Sheet 4, located in Appendix A, shows the 
drainage basin and monthly flow estimates. 

Visual estimates and simple flow test measurements were conducted near the mouth. The 
estimate for flow in September 19th was 60 gpm.  Village elders report that the creek appears to 
go dry in the winter months.  However, with snow cover, there are commonly small flows 
present under the snow pack or in the gravel bed of streams.  Verification of winter flows should 
be conducted. 

IBUNC #2:  Analysis of the IBUNC #2 indicates the estimated size of the drainage basin is 881 
acres. Mean annual flow is estimated to be 884 gpm.  Average flows for April and June are 15 
gpm and 2,825 gpm, respectively.  Sheet 5 located in Appendix A, shows the drainage basin and 
monthly flow estimates. 

Visual estimates and simple flow test measurements were conducted near the mouth. An estimate 
for flow on September 19th was 400 gpm.  Village elders report that the creek appears to go dry 
in the winter months. However, with snow cover, there are commonly small flows present under 
the snow pack or in the gravel bed of streams.  Verification of winter flows should be conducted. 

Imnakuk Creek:  Analysis of the Imnakuk Creek indicates the estimated size of the drainage 
basin is 4012 acres.  Mean annual flow is 
estimated to be 4,027 gpm.  Average flows for 
April and June are 70 gpm and 12,870 gpm, 
respectively.  Sheet 6, located in Appendix A, 
shows the drainage basin and monthly flow 
estimates. 

Two visual estimates and simple flow test 
measurements were conducted at the mouth 
and approximately ¼ mile upstream of the 
mouth. On September 19th, 2005, Engineers 
performed a flow test and estimated the river 
to flow between 1,800 and 2,700 gpm.  The 
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drainage channel appeared to be low, with evidence of flooding higher on the bank. 

Kivalina River:  Refer to section 2.2.5 for information on the Kivalina River Basin  

2.3.6 Other Information: Lake Volumes, Snow Pack Depth, Precipitation 
The information presented in 2.1.6 applies towards Imnakuk Bluff.  No other surface or ground 
water studies have been completed near the Imnakuk Bluffs site. 

2.4 TATCHIM ISUA 
Existing reports identify potential water resources for Tatchim Isua including the Kivalina River, 
Asikpak River, and three unnamed creeks near the project site.  Infiltration galleries or surface 
water intakes within either river may be considered for water sources.  Data that pertains to 
Tatchim Isua water resources is included below. 

2.4.1 Existing Geotechnical and Groundwater Information 
Geotechnical Investigations of Simiq, Tatchim Isua, and Imnakuk Bluff, by Shannon and 
Wilson, (2006) (final report on drilling results): 

Eight test holes were drilled in late summer 2005 at the Tatchim Isua Site, ranging from 8 to 21 
feet in depth.  The drilling program did not yield any indications of ground water at the site.  Ice 
rich soil, with silts, sands, clay and some gravel was encountered. The test holes generally 
encounter frozen gravels underlain by bedrock. However, on the lower bench of the site, ice rich 
soils were encountered. 

2.4.2 USGS Topographic and Geophysical Maps 
USGS, Noatak, Alaska 67162-A1-TF-250 shows Tatchim Isua as an elevated site, sloping 
towards the Chukchi Sea. 

Reconnaissance geologic mapping has been published at a scale of 1:63,360 by the USGS for the 
Noatak C5, D5, D6 and D7 Quadrangles. 

2.4.3 Other Surface and Ground Water Investigations within Study Area 
The information presented in 2.1.6 applies towards this site.  No other surface or ground water 
studies have been completed near the Tatchim Isua site. 

2.4.4 Aerial Photography 
The only available photography of this site is a 1978 USGS color infrared (CIR) photographs 
(five photographs pertain to Tatchim Isua).  There has been no previous analysis of the 
photographs. 

2.4.5 Discharge Data of Local Streams 
There is no current discharge data on the Asikpak River or other local streams pertaining to the 
Tatchim Isua site.  However, a sanitary survey conducted in May 2004 by ASCG Incorporated 
includes water samples of the Wulik River.  In addition, Travis Peterson Environmental 
Consulting (Peterson) is currently working directly for NANA to complete water quality studies 
of the Wulik River.  The Peterson report focus on runoff quality from the Red Dog Mine, and 
compares the data to the baseline water quality data that was generated during environmental 
studies of the mine site.  At this time, the Peterson report is not complete. 
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TIUNC #2, Tatchim Isua 

 

TIUNC #3, Tatchim Isua 

If the Tatchim Isua site is selected as a relocation site, there are a series of creeks located within 
and surrounding the village site that could be considered as water sources.  The creeks include:  
the Asikpak River, TIUNC #1, TIUNC #2, and TIUNC #3.  The drainage basin and discharge 
data have been estimated for potential intake locations. 

Asikpak River:  Based on a water intake located close to the basin, the estimated size of the 
drainage basin is 55,872 acres.  Mean annual flow is estimated to be 125.0 cfs.  Average flows 
for April and June are 2.2 cfs and 399.4 cfs, respectively.  Sheet 10, located in Appendix A, 
shows the drainage basin and monthly flow estimates. 

TIUNC #1:  Analysis of the TIUNC #1 indicates the estimated size of the drainage basin is 454 
acres.  Mean annual flow is estimated to be 456 gpm.  Average flows for April and June are 8 
gpm and 1,458 gpm, respectively.  Sheet 7, located in Appendix A, shows the drainage basin and 
monthly flow estimates. 

On September 19th, 2005, visual estimates and simple flow test measurements were conducted 
near the mouth. An estimate for flow is 60 gpm.  Village elders report that the creek appears to 
go dry in the winter months.  However, with snow cover, there are commonly small flows 
present under the snow pack or in the gravel bed of streams.  Verification of winter flows should 
be conducted. 

TIUNC #2:  Analysis of the TIUNC #2 indicates the 
estimated size of the drainage basin is 830 acres. 
Mean annual flow is estimated to be 834 gpm.  
Average flows for April and June are 15 gpm and 
2,664 gpm, respectively.  Sheet 8, located in 
Appendix A shows the drainage basin and monthly 
flow estimates. 

Visual estimates and a simple flow test measurement 
were conducted near the creek mouth. An estimate for 
flow on September 19th was 400 gpm.  Village elders 
report that the creek appears to go dry in the winter 
months. However, with snow cover, there are 
commonly small flows present under the snow pack or in the gravel bed of streams.  Verification 
of winter flows should be conducted. 

TIUNC #3:  Analysis of the TIUNC #3 indicates 
the estimated size of the drainage basin is 1,080 
acres. Mean annual flow is estimated to be 1,085 
gpm.  Average flows for April and June are 19 
gpm and 3,466 gpm, respectively.  Sheet 9, 
located in Appendix A, shows the drainage basin 
and monthly flow estimates. 

Visual estimates and simple flow test 
measurements were conducted near the mouth. 
An estimate for flow on September 19th was 670 
gpm.  Village elders report that the creek appears 
to go dry in the winter months. However, with 
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snow cover, there are commonly small flows present under the snow pack or in the gravel bed of 
streams.  Verification of winter flows should be conducted. 

2.4.6 Other Information: Lake Volumes, Snow Pack Depth, Precipitation 
No other surface or ground water studies have been completed near the Tatchim Isua site. 

2.5 KINIKTUURAQ 
Existing reports identified the Wulik River as the only potential community water resource for 
this site.  There are no other surface water sources that have been considered for Kiniktuuraq.  
Ground water has been investigated for the site, with one test well yielding saline ground water.   
Data that pertains to Kiniktuuraq water resources is included below. 

2.5.1 Existing Geotechnical and Groundwater Information 
Reconnaissance Geotechnical Investigation, Kivalina Relocation by R&M (2000):  The 
investigation included 29 test borings and samples in the areas of Kuugrauq, Igrugaivik, and 
Kiniktuuraq locations.  Test borings were shallow, ranging in depth from 11 to 26 feet.     

Groundwater was encountered while drilling in six test borings.  Generally, borings that 
encountered groundwater were located along the sand and beach within proximity of the Wulik 
River.  Ground water depths ranged from 0.5 to 9 feet.  The report concluded that there was 
underlying permafrost, and the water level represents a perched condition that is highly influence 
by seasonal variations and the ground thermal state.  The report did not identify any surface or 
groundwater resources for Kiniktuuraq. 

Phase II Engineering Services, Geotechnical Investigations by R&M (2002): 

The investigations included two 25-feet borings at the Kiniktuuraq site, and borrow site borings 
at Igrugaivik and Kuugruaq.  A test well was also drilled along the Wulik River, at the Igrugaivik 
site.   

Soil test borings at Kiniktuuraq did not yield groundwater.  A separate water well test hole 
located at Igrugaivik was advanced to 41 feet.  This well was abandoned due to the high salinity 
content of the water and soil. 

The report concluded that it might be difficult to find a location for a water well as it appears that 
most or all of the unfrozen (unbounded) soils containing significant amounts of groundwater 
may have high salinity content near the proposed village sites. 

2.5.2 USGS Topographic and Geophysical Maps 
USGS, Noatak, Alaska 67162-A1-TF-250 shows contour information, streams, lakes, wetlands, 
and lakes within the region of Kivalina.  From the mapping, the most feasible water resource for 
the Kiniktuuraq site is the Wulik River. 

Reconnaissance geologic mapping has been published at a scale of 1:63,360 by the USGS for the 
Noatak C5, D5, D6 and D7 Quadrangles.   

2.5.3 Other Surface and Ground Water Investigation within Study Area 
The information presented in 2.1.3 applies to Kiniktuuraq.   No other surface or ground water 
studies have been completed near the Kiniktuuraq site. 
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2.5.4 Aerial Photography 
Color infrared (CIR) photographs were obtained to help determine potential water sources. These 
photographs were taken in 1978.  Two photographs pertain to the Kiniktuuraq site and potential 
surrounding water sources. 

In addition to the CIR photographs, the following color photographs were obtained of 
Kiniktuuraq:  one Kiniktuuraq photo is at a scale of 1 inch=1,000 feet (taken in 2000), and two 
photos are at a scale of 1 inch=800 feet (taken in 1997). 

2.5.5 Discharge Data of Local Streams 
The information presented in 2.1.5 includes discharge data for the Wulik River.  There are no 
other streams considered for Kiniktuuraq. 

2.5.6 Other Information: Lake Volumes, Snow Pack Depth, Precipitation 
The information presented in 2.1.6 applies towards this site.  No other surface or ground water 
studies have been completed near the Kiniktuuraq site. 

2.6 IGRUGAIVIK 
Existing reports identified the Wulik River as the only potential community water resource for 
this site.  There are no other surface water sources that have been considered for Igrugaivik.  
Ground water has been investigated at this site with one test well yielding saline ground water.  
Data that pertains to Igrugaivik water resources is included below. 

2.6.1 Existing Geotechnical and Groundwater Information 
Geophysical Groundwater Source Investigation, Kivalina Alaska, by Golder Associates (1997)  

Several geophysical survey methods were used to investigate the electrical properties of the 
subsurface at Igrugaivik and other sites.  The electrical properties of the subsurface are related to 
its water bearing potential.   

Geophysical surveys included RI lines and TDEM soundings.  Four RI lines helped to determine 
if a possible thaw bulb at the site exists. There was no indication of a shallow thaw bulb beneath 
line WR-3, and the data could not determine whether this possible thawed layer is at the bottom 
of permafrost or within the permafrost zone.  The WR-4, WR-5, and WR-6 lines showed that the 
boundary of the thaw bulb corresponds with the contact between the abandoned floodplain, the 
old terrace, and upland frozen silts. 

TDEM sounding was used to determine the depth of the permafrost on the drained lake deposits.  
Low resistivity values of the bottom layer indicate silty and/or clayey material or possible saline 
groundwater (not suitable for a water supply well). 

The report recommended drilling a test well near the abandoned floodplain deposits, with an 
alternative test well location close to the Wulik River.  However, test results in future programs 
yielded saline ground water at Igrugaivik. 

The report also cites that water wells drilled near the school by the Bureau of Indian Affairs 
produced only salt water.  These wells were abandoned.  One well was drilled to a depth of 215 
feet and encountered unconsolidated sediments ranging in size from clay to gravel. 
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Reconnaissance Geotechnical Investigation, Kivalina Relocation by R&M (2000).  The 
investigation included 29 test borings and samples in the areas of the Kuugruaq, Igrugaivik, and 
Kiniktuuraq locations.  Test borings were shallow, ranging in depth from 11 to 26 feet.  
Groundwater was encountered while drilling in six test borings. Generally, borings that 
encountered groundwater were located along the sand and beach within proximity of the Wulik 
River.  Ground water depths ranged from 0.5 to 9 feet.   

The report concluded that there was underlying permafrost, and the water level represents a 
perched condition that is highly influenced by seasonal variations and the ground thermal state.  
The report did not identify any surface or groundwater resources for Igrugaivik. 

Phase II Engineering Services, Geotechnical Investigations by R&M (2002). The investigation 
included several borrow site and test borings at the Igrugaivik site.  A test well was also drilled 
along the Wulik River at the Igrugaivik site.   

The water well test hole located was advanced to 41 feet where the well was abandoned due to 
the high salinity content of the water and soil. 

The report concluded that it may be difficult to find a location for a water well as it appears that 
most or all of the unfrozen (unbounded) soils containing significant amounts of groundwater 
may contain saline near the proposed village sites. 

Most existing geotechnical information pertains to shallow drilling that does not indicate 
potential water sources for an annual supply to a new village. 

2.6.2 USGS Topographic and Geophysical Maps 
USGS, Noatak, Alaska 67162-A1-TF-250 shows contour information, streams, lakes, wetlands, 
and lakes throughout the Kivalina area.  From the mapping, the most feasible surface water 
resource for the Igrugiavik site is the Wulik River. 

Reconnaissance geologic mapping has been published at a scale of 1:63,360 by the USGS for the 
Noatak C5, D5, D6 and D7 Quadrangles.  

2.6.3 Other Surface and Ground Water Investigations within Study Area 
The information presented in 2.1.3 applies to Igrugiavik.   No other surface or ground water 
studies have been completed near the site. 

2.6.4 Aerial Photography 
Aerial photographs of the project area were obtained and interpreted by Golder for the 1997 
report.  Color infrared (CIR) photographs were obtained to help determine potential water 
sources.  Two photographs pertain to the site. 

In addition to the CIR photographs, the following color photographs were obtained of this site:  
Three photos of Igrugaivik are at a scale of 1 inch=800 feet (taken in 1997).   

2.6.5 Discharge Data of Local Streams 
The information presented in 2.1.5 includes flow estimates for the Wulik River.  There are no 
other streams considered for Igrugiavik. 
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2.6.6 Other Information: Lake Volumes, Snow Pack Depth, Precipitation 
The information presented in 2.1.6 applies towards this site.  No other surface or ground water 
studies have been completed near the Igrugaivik site. 

2.7 KUUGRUAQ 
Existing reports identified the Wulik River as the only potential community water resource for 
this site.  There are no other surface water sources that have been considered for Kuugruaq.  
Ground water has been investigated at Igrugaivik, which is in close proximity to Kuugruaq, with 
one test well yielding saline ground water.  Data that pertains to Kuugruaq water resources is 
included below. 

2.7.1 Existing Geotechnical and Groundwater Information 
Geophysical Groundwater Source Investigation, Kivalina Alaska, by Golder Associates (1997) 
Golder Associates preformed geophysical surveying at the Kuugruaq site consisting of RI, 
EM34, and TDEM surveying, and recommended test well drilling for sites. 

The RI surveying was used to determine a thaw bulb associated with the abandoned floodplain, 
and its relative configuration.  Results suggest that a deep thaw bulb exists at the intersection of 
the WR-1 and WR-2, extending towards the Wulik River to the north and west.  The elevated 
terrace deposits along the south half of WR-2 and the abandoned floodplain deposits at the 
eastern end of WR-1 are interpreted to be permafrost zones. 

EM34 results support the RI data that indicates the boundary of the thaw bulb occurs at the 
contact between the old terrace and floodplain deposits. 

In order to determine the depth to the base of the permafrost, TDEM soundings were made on 
the elevated terrace deposits. The low resistivity values of the bottom layer are commonly 
associated with silty and/or clayey material or possible saline groundwater, none of which would 
be suitable targets for a water supply well.  There may be thin frozen zones within this layer (less 
than 60 feet thick) which is too thin to be detected by the TDEM method. 

The report cites that water wells drilled near the school by the Bureau of Indian Affairs produced 
only salt water.  These wells were abandoned.  One well was drilled to a depth of 215 ft and 
encountered unconsolidated sediments ranging in size from clay to gravel. 

Reconnaissance Geotechnical Investigation, Kivalina Relocation by R&M (2000).  The 
investigation included 29 test borings and samples in the areas of the Kuugruaq, Igrugaivik, and 
Kiniktuuraq locations.  Test borings were shallow, ranging in depth from 11 to 26 feet.  Ground 
water was encountered while drilling in six test borings. Generally, borings that encountered 
groundwater were located along the sand and beach within proximity of the Wulik River.  
Ground water depths ranged from 0.5 to 9 feet.   

The report concluded that there was underlying permafrost, and the water level represents a 
perched condition that is highly influenced by seasonal variations and the ground thermal state.  
The report did not identify any surface or groundwater resources for Kuugruaq. 
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Phase II Engineering Services, Geotechnical Investigations by R&M (2002). 

The investigation included several borrow sites and test borings at the Igrugaivik site.   A test 
well was also drilled along the Wulik River at the Igrugaivik site.  Kuugruaq site is in close 
proximity to Igurgaivik and soils conditions in the lower wetlands areas may be similar. 

The water well test hole located was advanced to 41 feet at Igrugaivik, where the well was 
abandoned due to the high salinity content of the water and soil. 

The report concluded that it may be difficult to find a location for a water well as it appears that 
most or all of the unfrozen (unbounded) soils containing significant amounts of groundwater 
may contain saline near the proposed village sites. 

Most existing geotechnical information pertains to shallow drilling that does not indicate 
potential water sources for an annual supply to a new village. 

2.7.2 USGS Topographic and Geophysical Maps 
USGS, Noatak, Alaska 67162-A1-TF-250 shows contour information, streams, lakes, wetlands, 
and lakes throughout the Kivalina area. From the mapping, the most feasible surface water 
resource for the Kuugruaq site is the Wulik River. 

Reconnaissance geologic mapping has been published at a scale of 1:63,360 by the USGS for the 
Noatak C5, D5, D6 and D7 Quadrangles. 

2.7.3 Other Surface and Ground Water Investigations within Study Area 
The information presented in 2.1.3 applies to Kuugruaq.   No other surface or ground water 
studies have been completed near the site. 

2.7.4 Aerial Photography 
Aerial photographs of the project area were obtained and interpreted by Golder for the 1997 
report.  Color infrared (CIR) photographs were obtained to help determine potential water 
sources. Three photographs pertain to the site. 

In addition to the CIR photographs, the following color photographs were obtained of this site:  
Three photos of Kuugruaq are at a scale of 1 inch=800 feet (taken in 1997).   

2.7.5 Discharge Data of Local Streams 
The information presented in 2.1.5 includes flow estimates for the Wulik River.  There are no 
other streams considered for Kuugruaq. 

2.7.6 Other Information: Lake Volumes, Snow Pack Depth, Precipitation 

The information presented in 2.1.6 applies towards this site.  No other surface or ground water 
studies have been completed near the Kuugruaq site. 

3.0 WATER SAMPLING/MONITORING PLAN 

3.1 KIVALINA RIVER 
Water sampling on the Kivalina River should be performed quarterly and should test for the 
parameters shown in Section 5.1.  Spring water sampling should be timed to coincide with spring 
run-off. Supplementary sampling should also take place in the summer, fall, and during the 
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winter.  Furthermore, the limits of salt water intrusion due to storm or tidal action should be 
tested and documented.  

3.2 WULIK RIVER 
Adequate information on water quality from the Wulik River already exists and no testing is 
necessary if the existing intake location is retained.  However, if new inland sites are developed, 
water quality sampling at the new sties should be conducted.  The sampling should follow the 
parameters discussed for the Kivalina River. 

3.3 SMALL CREEKS AND STREAMS 
Small creeks and streams should also be tested on a quarterly basis.  Salt water intrusion 
monitoring is not necessary on these waterways.  Of the small creeks and streams measured in 
September 2005, only Imnakuk Creek and the Asikpak River showed potential for year around 
flow for the water needs of a new town site.  It’s speculated by the village elders that the small 
streams around Imnakuk Bluff go dry in the winter.  However, Imnakuk Creek should still be 
measured for potential use in filling a reservoir.  Monthly stream gauging will also allow 
calculations for storage to be developed if the small creeks go dry in the winter time.  Surface 
storage is commonly used to bridge periods of low flow. 

In addition to water quality sampling, stream gauging should be conducted for one year via 
monthly gauging and average daily readings.  The gauging will be performed with a pressure 
sensor that rests on the bottom of the stream bed.  The sensor will read the water pressure which 
can then be used to calculate water depth, and records this depth every twelve hours. Streams 
will also need to be gauged and measured accurately during the installation of the sensors.  With 
that information, the flow of the stream can be determined throughout the year. This will also 
indicate if the stream freezes solid during the winter. 

The sensor should be placed in the deepest section of the stream and, whenever possible, a small 
weir should be built.  A weir is not required for the sensor to work or data to be collected, but the 
layout of the stream and streambed will dictate that need.  

The data receiver is located in a weather proof box placed approximately 75 feet from the stream 
and elevated on a stake.  Although the receiver is capable of holding data for more than one year, 
it is recommended that the data be downloaded at a minimum of every 4 to 6 months in the event 
of equipment failure.  

4.0 DATA GAPS BY VILLAGE SITE 

4.1 GROUND WATER 
Data gaps for water resource information exist at all sites except the existing Kivalina village 
site.  For all sites except Kivalina there are no deep water well test holes.  Previous reports 
indicate that groundwater could supply a year-round water source if found in sufficient quantity 
and quality.  Exploratory geophysics and drilling conducted in the site vicinity suggest that thaw 
bulbs along the Wulik or Kivalina Rivers may be the most likely source of groundwater in the 
area (Golder 1997; R&M 2002).  However, only two test wells have been drilled to date, which 
yielded saline groundwater from a 41 feet deep hole drilled at a location approximately 1 mile 
inland from Kivalina Lagoon (R&M 2002), and salt water in the 215 feet deep well drilled at 
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Kivalina.  The source of the saline groundwater may be a subsurface intrusion effect or surface 
infiltration during high tides and storm surges. 

Review of infrared aerial photos did not indicate any fault lines or ground water resources near 
potential village sites.  In addition, all sites are located near the coast.  Based on the lack of 
success in drilling water wells in the region, and the risk of salt water intrusion of any deep water 
well, further drilling is not advised for the area.  See Section 5.0 for further information.   

4.2 SURFACE WATER: 
For surface water sources, the following data gaps exist by site. 

4.2.1 Kivalina, Kiniktuuraq, Igrugaivik, and Kuugrauq 
All of these villages propose to use the Wulik River as a water source.  The extent of salt water 
intrusion due to high tide, or storm surge is unknown at this time.  However, based on 
preliminary data, a 16.1 foot high surge could be expected during a 100 year flood event.  There 
is not adequate topography information to estimate the extent of storm surge in this report.  The 
extent will have to be verified during field work.  The Kivalina River is expected to have the 
same elevation storm surge; once again there is not adequate topography information to estimate 
the extent of storm surge in this report. 

4.2.2 Simiq 
The Simiq site could use either the Wulik or Kivalina Rivers.  While the Wulik River does not 
have data gaps, the Kivalina River has significant data gaps for measured flow, limits of salinity 
influence, and water quality data.  Section 3 includes recommended testing for the Kivalina 
River. 

4.2.3 Tatchim Isua 
Village elders report that the unnamed creeks near Tatchim Isua go dry during winter months. 
Calculations show that TIUNC #1 has flow rates that could average as low as 8 gpm in April.  
TIUNC #2 and #3 were computed to have higher April flows of 14.5 gpm for TIUNC #2, and 19 
gpm for TIUNC #3. To confirm winter flow rates, daily flow tests should be measured for 
TIUNC #2 and TIUNC #3.  Quarterly water quality tests should be performed from TIUNC #2 
and TIUNC #3.  Quarterly tests should also be performed for Asikpak River.  TIUNC #1 is not 
recommended for further study due to the small drainage basin of 454 acres.   

Section 3 includes recommended testing for Tatchim Isua streams. 

4.2.4 Imnakuk Bluff 
Potential water sources for Imnakuk Bluff include IBUNC #1 and #2, Imnakuk Creek, and the 
Kivalina River. Village elders report that the unnamed creeks located near Imnakuk Bluff go dry 
during winter months. Calculations show that IBUNC #1 has flow rates that could average as 
low as 5 gpm in April.  IBUNC #2 was computed to have higher April flows of 15.3 gpm.   
Further analysis of IBUNC #1 is not recommended due to its small drainage basin of 301 acres, 
and its low flow rates.  Further analysis is recommended for the remaining creeks. 

For IBUNC #2 and Imnakuk Creek, daily water flow monitoring is recommended for a period of 
1 year.  In addition, quarterly water quality sampling is recommended. 
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For the Kivalina River, quarterly water quality sampling is needed to confirm seasonal variations 
in water quality.  In addition, an infiltration area should be identified for further investigates as a 
possible water intake site.  In order to test for a potential infiltration site, the extent of salt water 
intrusion due to tidal influences should be documented.   

5.0 RECOMMENDATIONS FOR STAGE II FIELD INVESTIGATIONS 
The recommendation of this report is to utilize surface water sources for all alternatives, for a 
number of reasons.  

First, no community in the greater area has a proven subsurface water resource, and as such, the 
immediate area around Kivalina, including all of the alternative sites, is unlikely to yield a usable 
subsurface water source.  The Red Dog Mine and the communities of Kotzebue, Shishmaref, and 
Point Hope all utilize surface water sources based on their inability to identify usable subsurface 
water for drilling.   

Second, test holes drilled in the immediate area around Kivalina yielded only brackish water at 
depth, and as such, there is no indication that drilled wells will result in any usable subsurface 
water source. A test well drilled at Igrugaivik into a river thaw bulb encountered saline water. 

Third, the geology of the Kivalina area also points to an absence of subsurface water sources. 
The area in which all of the alternative sites are located is either a river delta on a coastal plain, 
inundated with brackish water, or located on bedrock. Any subsurface water sources in this area 
located on a spit or within the river delta are also subject to salt water contamination during sea 
storms in which the tides are pushed inland by storm surges.  This salt water contamination can 
reach ground water through recharge. Two sites, Tachim Issua and Imnakuk Bluffs, are likely 
located where shallow gravels or frozen soils overlie bedrock.  The likelihood of finding a 
subsurface water supply with enough year around capacity to serve a community is low. 

In summary, the drilling of wells to establish a surface water source is not feasible for Kivalina, 
and is not likely to yield positive results based on an analysis of regional data. A proven 
subsurface water source has not yet been identified in the Kivalina area. 

Recommendations for further field investigations of surface water are described below.   

The following list shows the recommended water sources for further testing. 

Water quality sampling and flow testing for Asikpak River and Imnakuk Creek. 

 Water quality sampling and flow testing for Kivalina and Wulik Rivers.  Water quality 
sampling and limit of tidal salt water intrusion for the Kivalina and Wulik Rivers are also 
recommended. 

5.1 WATER QUALITY TESTING: 
As described in Section 3 and Section 4, the selected village site may require quarterly sampling 
of the surface water streams.  The sampling will be conducted quarterly to coincide with the 
seasonal water quality changes.  Sampling includes onsite testing for temperature, pH, turbidity, 
dissolved oxygen, conductivity, carbon dioxide, ammonia, and hydrogen sulfide.  Sampling also 
includes laboratory testing for primary inorganic chemicals, volatile organic compounds, 
secondary chemicals, and specialty treatment parameters.  In addition to the detailed shown 
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below, onsite sodium and conductivity testing are required on the Kivalina River to document 
the limits of salt water intrusion due to storm surge.  A detailed summary is included below: 

On Site Testing Requirements 

 Ammonia (as Nitrogen) Hydrogen Sulfide 

 Carbon Dioxide pH 

 Conductivity Temperature 

 Dissolved Oxygen Turbidity 

Laboratory Testing Requirements 

Alkalinity as CaCo3     Volatile Organic Compounds 524.2 

Aluminum (s)      Primary Inorganics 

 Arsenic (p)       Antimony 200.8 

Bromide       Barium 200.8 

Calcium       Cadmium 200.8 

Chloride (s)       Selenium 200.8 

Chlorine Demand      Mercury 200.8 

Color, True and Apparent (s) (48 hr. HT)    Beryllium 200.8 

Dissolved Organic Carbon     Chromium 200.8 

Fluoride (p & s)       Thallium 200.8 

Hardness as CaCO3      Nickel 200.8 

HAA5 Formation Potential     Cyanide SM4500 

Iron (s) 

Langlier Index (includes pH, TDS, Alkalinity) (s) Secondary Chemical Contaminants 

 Lead       Silver 200.8 

Magnesium       Copper 200.8 

 Manganese (s)       Foaming Agents SM5540 (48 hr. HT) 

Nitrate (p)        Odor SM2150 (48 hr. HT) 

Nitrite (p) (48 hr. HT) 

Organic Constituents (UV 254) (48 hr. HT)   Total Coliform P/A SM 9223 (30 hr. HT) 

Sodium (s) 

Sulfate (s) 

Total Dissolved Solids 

Total Organic Carbon 

TTHM Formation Potential 

Turbidity (48 hr. HT) 

Zinc (s) 

(p) Part of 18 AAC Primary Inorganics List 

(s) Part of 18 AAC Secondary Chemical Contaminants List 
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5.2 STREAM GAUGING: 
As described in Section 3, stream gauging should be conducted for one year via monthly gauging 
and average daily readings.  Stream gauging is only required on the local drainage basins listed 
above.  

5.3 SITE SKETCHES: 
For those sites that have stream gauging, a general sketch of a potential water intake area should 
be developed which shows a general site plan, and possible intake configuration.  This sketch 
should be generated based on visual observations of the site. 
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Appendix B – Scope of Work for Further Field Sampling 
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1. GENERAL 
 

The U.S. Army Corps of Engineers – Alaska District (USACE-AD) is conducting source 
and quality investigations of surface and ground water in support of evaluation of potential 
relocation sites for the community of Kivalina, Alaska. This work is supplemental to the Stage I 
Master plan currently being prepared. 
 

2. SURFACE INVESTIGATIONS 
 

This work consists of water quality investigations and flow testing of selected streams 
and rivers.  Half of the potential village sites include a potential surface water sources that 
require further investigations.   The list of streams is dependent on the selected village site.  
Depending on the village site selected, the following streams are required to be sampled. 

 
Water quality sampling and flow testing for Asikpak River and Imnakuk Creek. 

 
Water quality sampling and flow testing for Kivalina and Wulik Rivers.  Water quality 

sampling and limit of tidal salt water intrusion for the Kivalina and Wulik Rivers are 
also recommended. 

3. DETAILED SURFACE AND GROUNDWATER INVESTIGATIONS SCOPE 

Task 1 – Flow Testing 
 The consultant shall conduct daily flow testing to determine the most likely location, 
depth, and yield for a public surface or groundwater supply source.  Small creeks and streams 
should also be tested on a quarterly basis.  
 
Stream gauging should be conducted for one year via monthly gauging and average daily 
readings.  The gauging will be performed with a pressure sensor that rests on the bottom of 
the stream bed.  The sensor will read the water pressure which can then be used to calculate 
water depth, and records this depth every twelve hours. Streams will also need to be gauged 
and measured accurately during the installation of the sensors.  With that information, the 
flow of the stream can be determined throughout the year. This will also indicate if the 
stream freezes solid during the winter.  
 
 The sensor should be placed in the deepest section of the stream and, whenever 
possible, a small weir should be built.  A weir is not required for the sensor to work or data to 
be collected, but the layout of the stream and streambed will dictate that need.  
 
 The data receiver is located in a weather proof box placed approximately 75 feet from 
the stream and elevated on a stake.  Although the receiver is capable of holding data for more 
than one year, it is recommended that the data be downloaded at a minimum of every 4 to 6 
months in the event of equipment failure.  
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 At least four site visits are anticipated to set up the equipment and download the 
information.  Additional monthly checks should be made by a trained local person. 
 

Task 2 – Water Quality Testing: 
For the selected village site, water quality testing is required for the streams and rivers.  

Water quality testing will be conducted with both field measurements and with samples that 
are returned to a certified laboratory. 
 
 At a minimum, the following sampling is required for a potential surface water source: 
 

On Site Testing Requirements 
 Ammonia (as Nitrogen) Hydrogen Sulfide 
 Carbon Dioxide pH 
 Conductivity Temperature 
 Dissolved Oxygen Turbidity 

 
Laboratory Testing Requirements 
Alkalinity as CaCo3     Volatile Organic Compounds 524.2 
Aluminum (s)      Primary Inorganics 

 Arsenic (p)       Antimony 200.8 
Bromide       Barium 200.8 
Calcium       Cadmium 200.8 
Chloride (s)       Selenium 200.8 
Chlorine Demand      Mercury 200.8 
Color, True and Apparent (s) (48 hr. HT)    Beryllium 200.8 
Dissolved Organic Carbon     Chromium 200.8 
Fluoride (p & s)       Thallium 200.8 
Hardness as CaCO3      Nickel 200.8 
HAA5 Formation Potential     Cyanide SM4500 
Iron (s)       Secondary Chemical Contaminants 

 Langlier Index (includes pH, TDS, Alkalinity) (s)   Silver 200.8 
Lead       Copper 200.8 
Magnesium       Foaming Agents SM5540 (48 hr. HT) 
Manganese (s)       Odor SM2150 (48 hr. HT) 
Nitrate (p)         
Nitrite (p) (48 hr. HT) 
Organic Constituents (UV 254) (48 hr. HT)   Total Coliform P/A SM 9223 (30 hr. HT) 
Sodium (s) 
Sulfate (s) 
Total Dissolved Solids 
Total Organic Carbon 
TTHM Formation Potential 
Turbidity (48 hr. HT) 
Zinc (s) 
 

(p) Part of 18 AAC Primary Inorganics List 
(s) Part of 18 AAC Secondary Chemical Contaminants List 
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Task 3 – Conceptual Water Intake Sketches: 
For each water source investigated, a conceptual level sketch of a site plan and water intake 
or infiltration gallery shall be developed.  The site sketches shall be based on visual 
inspection of the sites.   

 
 
4. WATER QUALITY AND QUANTITY SUMMARY REPORT 
Based on results for field and laboratory analysis, a summary report will be prepared by the 
consultant outline the results of the sampling. The following information is anticipated to be 
the minimum required, but may change based on the findings of stage I: 

 
• Watercourse flow rates, water yield, and water quality; 
• Watercourse descriptive characteristics and cross sections; 
• Upstream limit of salt water intrusion or influence (if applicable); 
• Potential for year-round water intake location 
• Suggested treatment techniques for the water source to comply with local and federal 

drinking water standards. 
 

5. SAFETY 
The consultant is responsible for the safety of his personnel, equipment, materials, and the 
public at all times when in the field and/or the public environment. 

 
6. QUALITY CONTROL 
The consultant shall prepare a Quality Control Plan (QCP) and Project Management Plan 
(PMP) to manage, control, and document the performance of these tasks. The QCP and PMP 
shall be submitted to USACE-AD for approval. The QC activities shall be documented and 
included in the final report. The consultant shall ensure that the corporate quality policy is 
understood, implemented, and maintained at all levels in the organization. The consultant 
shall perform continuous tracking, checks, representations, adjustments and visualization of 
his field data for quality control and to establish efficient field procedures. The consultant is 
responsible for ensuring that project work proceeds smoothly in accordance with the SOW 
and maintaining a continual vigilance for ways to increase efficiency and quality, as well as 
providing weekly summaries of Quality Control activities. Copies of the weekly summaries 
shall be submitted to USACE-AD monthly. 

 
7. SCHEDULE 
Two (2) copies of the QCP and PMP shall be submitted to USACE-AD within one (1) week 
of notice to proceed. Water quality and flow testing efforts shall be initiated for summer 
installation of testing equipment.  Flow testing and water quality test results shall be 
submitted as intermediate quarterly submittals.  A summary report shall be submitted within 
4 weeks after all data has been received back from the field and lab. 
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Four (4) hard copies and one (1) electronic copy of the draft report shall be submitted not 
later than twelve (12) weeks after work commences. USACE-AD will take two (2) weeks for 
review and comment. Final report shall be submitted two (2) weeks after USACE-AD review 
and comments are complete.  

 
8. DELIVERABLES 

 
Submittals shall be delivered to 

 
 U.S. ARMY CORPS OF ENGINEERS, ALASKA DISTRICT 
 CENPA-EN-CW-PF 
 ATTN: J. LARRY SCUDDER 

P.O. BOX 6898 
ELMENDORF AFB, ALASKA 99506-6898 
 

Deliverables shall be accompanied by a letter or shipping form listing the materials being 
transmitted. The consultant shall provide six (6) hard copies (one unbound) and three (3) 
electronic copies of the final report in both MS Office and PDF formats on compact discs. 
All field notes, sketches, recordings and computations made by the consultant in completing 
this work shall be available at all times during the progress of the work for examination by 
the Contracting Officer, or his authorized representative. All such material shall become the 
property of the Government upon completion of the task order. 
 



 
 

Appendix C – ASCG Water Quality Data 
 
 



The following was taken from Kivalina Sanitary Survey Report, prepared by ASCG 
Incorporated, May 2004.   
















































































































