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Ship Creek is a steep, relatively small stream that flows through Joint Base 
Elmendorf –Richardson (JBER) located in Anchorage, AK. Ship Creek has its 
headwaters in the Chugach Mountains and discharges into Cook Inlet. Its stream 
course traverses 19 km of alluvial gravel and glacial outwash deposits in the 
lowlands and foothills. Since the last glaciation, Ship Creek has built an extensive 
alluvial fan at the foot of the Chugach Mountains. The ground water distribution 
in the vicinity of Ship Creek has been extensively studied because of its 
importance for water supply. Ship Creek is a losing stream in its upper portion 
and a gaining stream in its lower portion and this has significant impacts on the 
distribution of ice formation in the stream. In the steep upper portion anchor ice 
and anchor ice dams form during freezeup and raise water levels. In reaches 
where the channel banks are relatively low the increase in water levels can cause 
significant out-of-channel flooding. In reaches where the channel banks are 
higher the water level reaches a maximum and then drops. The drop in water level 
occurs in losing reaches with no groundwater inflow and during periods of 
continuous frigid air temperatures. The drop is too large to be the result of the 
flow recession that occurs in Ship Creek throughout the winter. During the winter 
of 2016-17 flooding was prevented through a program of mechanical removal of 
anchor ice. Possible mitigation strategies for prevention of flooding includes the 
application of ground water in the channel to prevent formation and bank 
modification in the affected reaches. The pros and cons of each strategy are 
briefly discussed. 



1. Introduction 

Joint Base Elmendorf-Richardson (JBER), located in Anchorage, AK, was formed from the merger 
of United States Air Force’s Elmendorf Air Force Base and the United States Army’s Fort 
Richardson in 2010. Ship Creek is the largest watercourse that traverses JBER (Figure 1). Ice 
formation in Ship Creek has caused significant flooding. There are anecdotal reports of flooding 
due to ice formation going back many decades. The first report of flooding at the Fort Richardson 
Fish Hatchery was in the winter of 2004 after the Fort Richardson Power Plant had been 
decommissioned. Prior to the decommissioning warm discharge from the Power Plant and from 
the Fort Richardson Fish Hatchery apparently suppressed ice production in Ship Creek and 
prevented the flooding downstream of this location. Significant flooding was reported to occur in 
the winters of 2005-06 and 2016-17. In both cases, mechanical removal using bulldozers operating 
in the creek relieved the flooding. Mechanical removal was effective in preventing flooding in the 
other years. In fact, mechanical removal has become an annual JBER requirement to prevent 
flooding. 
 
Ship Creek has a unique characteristic in that ice formation is limited to the upstream portion of 
the creek as it flows through JBER. This upstream portion is referred to as the ice-forming reach.  
The downstream portion of Ship Creek remains largely ice free throughout the winter, apparently 
caused by the influx of ground water. Ice formation in Ship Creek is characteristic of ice formation 
in steep channels; it is dominated by anchor ice formation, ice dam formation, and a continuous 
increase in water level with time throughout the ice formation reach until the Maximum Ice-
Affected Water Level (MIAWL) is reached. Throughout most of the ice formation reach the 
MIAWL is contained within the channel banks. Flooding occurs in the section of Ship Creek where 
the maximum water levels are not contained by the channel banks. 
 
There are three approaches for ice control to prevent flooding that are suitable for the flood-
affected reach of Ship Creek: mechanical removal, bank modification and thermal suppression by 
application of well water to prevent ice formation.  These three approaches for ice control are 
briefly analyzed and discussed. 

2. Ship Creek Watershed 

Ship Creek has its headwaters in the Chugach Mountains and its outlet in Cook Inlet near 
downtown Anchorage, Alaska (Figure 1). The Chugach Mountains are underlain by bedrock which 
is widely exposed at the land surface. In its final 16 km, after emerging from the mountains, Ship 
Creek flows over unconsolidated deposits, chiefly glacial drift laid down beneath or in front of the 
great glaciers which flowed into and along the lowland during the Pleistocene Ice Age.  
 
The area of the Ship Creek watershed is 330.5 square kilometers with about 230 square kilometers 
located in the Chugach Mountains. The major hydraulic structure on Ship Creek is the Ship Creek 
Dam, located at the immediate edge of the Chugach Mountains (Shown in Figure 1). Ship Creek 
Dam is the upstream limit of the study reach of this project.  
 
After Ship Creek leaves the Chugach Mountains it drops approximately 152.4 m in elevation in 
16 kilometers before reaching the Knick Arm of Cook Inlet. This majority of the length of Ship 
Creek in this section is contained within JBER and the JBER cantonment. The lower 3.3 km of 
Ship Creek flows through Anchorage and can be influenced by the tides of Knick Arm.  



 
In the upper portion of the study reach, from the Ship Creek Dam to approximately the Grady 
Road Bridge, Ship Creek is a losing stream with water leaving the stream channel and flowing 
vertically downward into the unconsolidated deposits. In its lower portion, from about 1.6 km 
downstream of the Vandenberg Bridge to Knick Arm, Ship Creek is a gaining stream with ground 
water entering the stream channel (Weeks 1970). This alternating outflow and inflow of water into 
Ship Creek has a significant impact on the distribution of ice in the creek channel.  
 
The outflow from Ship Creek downward into the unconsolidated deposits is an important source 
of ground water recharge (Cederstrom et al, 1964; Hunter et al 2000). A shallow, unconfined 
aquifer lies beneath much of the watershed of the study reach. This aquifer is underlain by a 
relatively impervious, fine-grained layer composed of mud and diamicton. A second, deeper 
confined aquifer lies beneath this shallow aquifer and is also underlain by a layer of mud and 
diamicton (Hunter et al 2000). The glacial deposits beneath the Ship Creek are “extremely variable 
due to the dynamic environment in which they [were] formed” (Weston Solutions, 2015) and the 
areal extents and connections between the two aquifers have not be completely mapped out. A 
large number of shallow and deep wells were drilled in JBER beginning in the 1950’s.  

2. Weather and Hydrology 

The study reach of Ship Creek is located in the Transitional Climate Zone between the relatively 
warm Maritime Zone along the Alaskan coast and the relatively cold Continental Zone, which 
covers the interior of most of Alaska. The portion of Ship Creek contained in the Chugach 
Mountains, upstream of the study reach, is considered part of the Continental Zone. (Zenone and 
Anderson 1978). While Anchorage winter air temperatures are consistently cold and below 
freezing, the cold temperatures are sometimes interrupted by brief warm periods. These warm 
periods are often caused by “chinook” winds which result from low pressure systems in the Gulf 
of Alaska. The low-pressure systems pull up warm air from the Pacific and raise temperatures 
dramatically. As a result, daily winter temperatures in Anchorage can display a large variability, 
larger than other times of year. 
 
In an average year, the maximum discharge in the study reach of Ship Creek occurs in early to 
mid-June. The average maximum flow in Ship Creek is approximately 13.6 cms and occurs on 16 
June. These maximum flows result from snowmelt in the Chugach Mountains combined with the 
low to moderate rainfall that can occur at that time. However, the maximum instantaneous 
discharges have been recorded in August and September, the months of maximum rainfall. (The 
all-time maximum daily average discharge was 60 cms, which was recorded on 23 September 
2012.) The discharge in the Creek tends to decline starting in October, and continues to decline 
consistently throughout the winter until the end of March when it reaches a flow of less than 0.6 
cms. This recession flow is typically seen in creeks, rivers, and streams where the air temperatures 
are consistently below freezing. During this cold weather, no liquid precipitation falls and no 
snowmelt occurs so all the discharge is the result of ground water drainage. Recession flow 
represents the groundwater supply to Ship Creek slowly draining out over the winter. The recession 
flow of Ship Creek during the winter months is very consistent, as seen in Figure 2. The short 
warming periods during the winter associated with the “chinook” winds and other causes generally 
have little effect on the flow of Ship Creek. This is likely because the warming periods are too 
brief to cause enough snowmelt and increase the flow of the Creek. The flow in the Creek starts to 



increase at the end of March and increases very steadily through April and May until the peak is 
reached in June. 
 
Ship Creek is hydraulically steep, with a substrate of gravel, cobbles, and small boulders 
throughout most of its length. Sand is also visible on the bed near the downstream end of the creek. 
The channel profile continuously drops from Ship Creek Dam down to Knik Arm. Ship Creek is 
quite steep immediately downstream of Ship Creek Dam with a bed slope of 2%. The slope 
declines in the downstream direction, reaching just under 1% by the Glenn Highway Bridge and 
0.7% at the steam line crossing. This range of slopes assures that the flow velocity is high, the 
channel depths are relatively small, and the turbulent mixing is large. These channel conditions 
have a profound impact on the ice formation process as will be shown. 

2. Ice Formation in Ship Creek 

2.1 Spatial Distribution 

One interesting feature of ice in Ship Creek is its discontinuous distribution: ice occurs only in one 
specific reach of Ship Creek. This section of Ship Creek is referred to as the ice-forming reach 
(Figure 3). The downstream limit of this reach is just downstream of Vandenberg Avenue Bridge 
and it extends upstream to the Ship Creek Dam. It is not likely that ice passes over Ship Creek 
Dam so all ice in the ice forming reach is formed in this reach. This ice-forming reach closely 
matches the reach of Ship Creek where it is a losing stream.  In this reach, water leaves the stream 
channel and flows vertically downward into the unconsolidated soil deposits beneath the stream 
(Weeks 1970). The ice-free reach is downstream of the ice forming reach, from just downstream 
of Vandenberg Drive Bridge to the creek’s outlet at Knik Arm. The ice-free reach generally 
remains largely open with some shore ice. This ice-free reach closely matches the gaining reach 
of Ship Creek where ground water enters the stream channel (Weeks 1970). The heat contained in 
the ground water entering Ship Creek in this reach is apparently sufficient to offset the heat loss 
from the creek surface to the frigid air and prevent ice formation. 

2.2 Ice Affected Flooding 

There are anecdotal reports of flooding due to ice formation going back many decades. The rough 
limits of the Flood Prone Reach of Ship Creek are the Grady Road Bridge and the Steam Line 
Crossing (See Figure 4). This reach contains the Alaska Department of Fish and Game Fort 
Richardson Fish Hatchery (no longer used), the Fort Richardson Power Plant (decommissioned), 
and the Fort Richardson Power plant small dam (now removed). There are also several occupied 
residences located at the Fish Hatchery. 
 
While most of the flooding occurs in the Flood Prone Reach, there are also some anecdotal reports 
of flooding immediately upstream of Grady Road Bridge. These reports described Ship Creek 
flood waters advancing along the sides of Grady Road to the north and the south. Buildings at the 
Fort Richardson Fish Hatchery (Figure 5) have been inundated in the past. Hatchery Drive, the 
approach road to the Fort Richardson Fish Hatchery has also been flooded. Access to the hatchery 
is impeded when flood waters cross the road, preventing safety vehicles from reaching the hatchery 
area. The first reported flooding at the fish hatchery occurred in the winter of 2004 (Andrea Tesch, 
personal communication). Significant flooding of the Fort Richardson Fish Hatchery was reported 
to occur in the winters of 2005-06 and 2016-17. 



 
The impact of ice on the water levels of Ship Creek can be clearly seen in Figure 6. The three 
images in Figure 7 were taken in November and December of 2016 of the same location on Ship 
Creek in the Flood Prone Reach. This location is 120 m downstream of the Grady Road Bridge 
looking upstream. Grady Road Bridge can be seen in the distance. The location of an old, disused 
well casing is marked by a yellow arrow in each image. The well casing stands vertically upright 
and extends approximately 1.7 m above the bed of the creek. In the first image, taken on 16 
November 2016, there is minimal ice present. Ship Creek is largely open, and the well casing 
stands in several inches of water. In the second image, taken on 12 December 2016, the creek is 
largely ice covered. The water level in the creek has risen over 1.5 m at this time. Ship Creek is 
entirely ice covered except for a small open water channel down the center of the channel. The 
rise in water level is due entirely to the ice formation in Ship Creek as the flow in the creek has 
undoubtedly dropped between these dates. (The USGS estimate of flow during the winter of 2016-
17 was not available at the time this report was prepared.). The final image was taken on 15 
December 2016. Ship Creek had risen several more centimeters since 12 December. 
 
All reports and observations of flooding on Ship Creek consistently report that flooding occurs 
only during the ice formation period. Flooding on Ship Creek has many similarities to flooding 
caused by freezeup ice jams. (USACE 2006). Similar to a freezeup jam, flooding on Ship Creek 
occurs during periods of frigid air temperatures and declining stream discharge, and results from 
blockage of the channel flow area by ice. There are no reports of flooding during spring break-up, 
as often occurs in Alaska. Observations suggest that the ice in Ship Creek downstream of the Ship 
Creek Dam melts out in the spring before the large snowmelt flows in the Chugach Mountains 
commence. As a result, the increase flow due to snowmelt does not encounter any channel ice 
below Ship Creek Dam and ice affected flooding does not usually occur in the spring. 

2.2 Ice Formation Process in Ship Creek 

Significant ice formation in Ship Creek occurs only upstream of the Vandenberg Avenue bridge, 
as discussed above. This Ice-Forming Reach is hydraulically steep, with a substrate of gravel, 
cobbles, and small boulders. The ice formation process in this reach is typical of ice formation in 
steep channels. Ice formation in hydraulically steep channels is a relatively new area of study. The 
several publications by Benoit Turcotte (Turcotte and Morse 2011, Turcotte et al 2014a, and 
Turcotte et al 2014b) are the basis of our current understanding of ice formation in hydraulically 
steep channels. The following description of the ice formation process in Ship Creek is based on 
observations made over the 2016-17 winter and the several publications of B. Turcotte. The 
description below applies to most of the Ice-Forming Reach but NOT the Flood Prone Reach. This 
covers the portion of Ship Creek from Ship Creek Dam downstream to Grady Road Bridge, and 
from the upstream of the steam line crossing downstream to below the Vandenberg Avenue Bridge. 
Ice Formation in the Flood Prone Reach will be discussed in the following section. 
 
1. Open Water  
At the very beginning of the freezeup process, there is no ice in the Ice-Forming Reach of Ship 
Creek. The water temperature is just slightly above or at 0°C. 
 
  



2. Anchor Ice Formation  
The freezeup process begins when the air temperature drops to below 0°C and heat transfer from 
the water surface to the atmosphere causes the water temperature to drop to 0°C and slightly below. 
In steep channels, the flow velocity of the water is too high to allow an ice cover to form at the 
surface of the water. The first ice formed, termed frazil ice, is small, individual ice crystals formed 
in turbulent supercooled water. The crystals, carried to the channel bottom by turbulent mixing, 
attach to the channel substrate to form anchor ice. The anchor ice builds up continuously on the 
bottom of the channel through the deposition of frazil and some growth through heat transfer from 
the anchor ice to the supercooled water. There is little or no water flow through the anchor ice and 
the water must flow over the top surface of the anchor ice. Therefore, the buildup of anchor ice 
causes the water level in the creek to rise.  
 
The buildup of anchor ice on the bottom of the Ship Creek channel occurs more-or-less 
simultaneously throughout the entire ice forming reach, from the Vandenberg Avenue Bridge up 
to Ship Creek Dam. Frazil crystals formed in the turbulent flow are not carried far downstream 
before deposition on the bottom occurs, given the high levels of turbulent mixing and shallow flow 
depths. 
 
3. Ice Dam Formation  
Frazil ice is not deposited uniformly along the channel bottom. The deposition is augmented in 
certain areas, usually associated with large cobles or small boulders. In these areas, relatively large 
depositions occur leading to the formation of frazil ice dams (Dube et al 2014). Ice dams can have 
a significant impact on the local flow conditions. They cause increased water levels immediately 
upstream of their location. The flow often passes over the top of the ice dams in weir-like flow, 
leading to the formation of icings. Icings occur when the water flowing over the ice weir freezes. 
This leads to continual vertical growth of the ice dams. 
 
4. Stage Increase with Further Ice Formation 
The formation of anchor ice, ice dams, ice weirs, and icings all cause the water level in Ship Creek 
to rise. The rise is mitigated to a small degree by the flow recession – the daily decrease in Ship 
Creek discharge that occurs each winter. It is important to note that when the initial ice formation 
occurs the wintertime discharge is at its maximum. The discharge in Ship Creek declines relatively 
slowly with time. The decline does not happen fast enough to reduce the water level rise caused 
by freezeup to any significant degree. 
 
The rise in the water level caused by the formation of anchor ice, ice dams, ice weirs, and icings 
can cause the flow velocity to decrease. However, the water level can increase significantly before 
the flow velocity is reduced sufficiently to allow an ice cover to form spontaneously at the water 
surface. As long as open water remains in the channel, its exposure to the frigid air produces 
supercooled water, frazil ice, anchor ice, and ice dams. This ice formation continues to cause the 
water level to rise. 
 
5. Formation of a complete surface ice cover 
An ice cover forms across the entire channel surface when the flow velocity has decreased 
sufficiently. At this point, there is no, or minimal, open water exposed to the frigid air. The 



Maximum Ice-Affected Water Level (MIAWL) occurs at or near the time that the entire water 
surface of the Ship Creek channel becomes covered by ice. 
 
6. Anchor Ice detachment and ice dam breaching 
Soon after the ice cover has formed over the entire channel surface, the water levels in Ship Creek 
drop dramatically. Apparently, the ice cover prevents the creation of supercooled water, which 
stops frazil ice formation and the growth of anchor ice and ice dams. In addition, two important 
events occur. The first is detachment of the anchor ice from the channel bottom. The anchor ice 
can only remain attached to the channel bottom if exposed to supercooled water. When the 
production of supercooled water ceases, anchor ice becomes detached and floats up from the 
bottom. It is then held by buoyancy beneath the surface ice cover. The second event is breaching 
of the ice dams. The ice dams breach when the water flow creates conduits through the dams. 
These conduits are formed when the flow is no longer supercooled. It is likely that the frictional 
heat of the flowing water increases the effective cross section of the conduits available to flow, 
soon after they are formed. The net effect of the detachment of anchor ice and breaching of the ice 
dams is a significant drop in water levels. After this point in time, the flowing water is confined to 
small passages located at the channel bottom and under the ice cover. The Ship Creek ice 
conditions do not significantly change until spring melt out occurs. 

2.3 Flood Prone Reach 

The important consideration with respect to flooding is the ability of the Ship Creek banks to 
confine the flow during freezeup to the creek channel. If the top-of-bank elevations are higher than 
the Maximum Ice-Affected Water Level (MIAWL) then flooding does not occur. Observations 
during the winter of 2016-17 showed that the water level rise caused by ice formation was 
contained within the Ship Creek banks from Ship Creek Dam downstream to Grady Road Bridge, 
and from the upstream of the steam line crossing downstream to below the Vandenberg Avenue 
Bridge. If the top-of-bank elevations are lower than the MIAWL, then flow is diverted out of the 
channel before the MIAWL is reached. Flow diversion leads to out-of-bank flooding, with the 
flood extent determined by the relative elevation of the overbank areas compared to the ice-
affected water level. Observations during the winter of 2016-17 showed that the water level rise 
caused by ice exceeded the channel banks in the Flood Prone Reach, downstream of Grady Road 
Bridge to below the Fish Hatchery. This is the reach where flooding has occurred since 2004. 
 
It is not possible, at this time, to estimate the MIAWL for a given channel section. Factors that 
could likely influence the MIAWL include the flow rate, channel cross-sectional geometry, 
channel slope, channel hydraulic roughness, and the ice formation process itself. The existence 
and layout of large roughness elements, such as large cobbles and boulders, also seems to play a 
significant role. 
 
Observations during the winter of 2016-17 suggest that the ice formation process in the Flood 
Prone Reach had difficulty reaching Step 5, Formation of a complete surface ice cover, due to the 
diversion of water out of the channel. Observations also suggest that if the flow is diverted out of 
the channel before the MIAWL is reached, the MIAWL may not be reached for a considerable 
period of time, if at all. The diversion of flow out of the channel seems to slow the rise in water 
level, and prevents, or at least, significantly delays, the channel from becoming completely ice 
covered. Out-of-bank flooding can then continue for a considerable period of time as well. 



 
Recall that the flow in Ship Creek is continuously declining with time throughout the winter. In 
some way, not clearly understood at this time, the MIAWL is influenced by the flow rate of the 
channel. Certainly it was observed during the winter of 2016-17 that the entire Flood Prone Reach 
was ice covered by the end of February. Mechanical removal had ended at that time, and the flow 
was entirely contained within the channel. The ice formation process had reached Step 6, Anchor 
Ice detachment and ice dam breaching throughout the Flood Prone Reach. The flow was then 
confined to small passages at the channel bed, and flooding was no longer an issue. 

3 Ice Control Options 

3.1 Mechanical Removal 

The flooding of the Fish Hatchery in the winters of 2005-06 and 2016-17 was relieved by 
mechanical removal. Mechanical removal was also effective in preventing flooding in the other 
years. Mechanical removal is accomplished by having bulldozers operate in the Ship Creek 
channel. There are two main objectives of mechanical removal. The first is removal of anchor ice 
and ice dams from the Ship Creek channel bed to increase the flow area of the channel and lower 
the water levels. This is accomplished by directing a bulldozer along the channel in the upstream 
direction, with the dozer blade just above the channel bed. This procedure was observed on 13 
January 2017 and was very effective in removing ice from the channel bed. The removed ice was 
carried downstream by the channel flow. This operation caused the water levels in Ship Creek to 
drop significantly. The second objective of mechanical removal is to break up and remove the 
surface ice cover to provide room for the ice removed from upstream to deposit without raising 
the creek water levels. A bulldozer breaking the surface ice cover are shown in Figure 7. This 
operation places much more stress on the dozers than simply removing ice from the channel 
bottom.  

3.2 Bank Modification 

It should be possible to prevent flooding due to ice formation in Ship Creek by modifying the 
cross-sectional geometry of the channel to allow the MIAWL to be attained at each point along 
the creek while containing the flow in the channel. Unfortunately, as stated above, it is not possible, 
at this time, to estimate the MIAWL for a given channel section. Understanding the factors that 
control the MIAWL, and developing useful guidelines for estimating the MIAWL should be an 
important focus of further study. Factors that could likely influence the MIAWL include the flow 
rate, channel cross-sectional geometry, channel slope, channel hydraulic roughness, and the ice 
formation process itself. The existence and layout of large roughness elements, such as large 
cobbles and boulders, also seems to play a significant role. 
 
The construction of small berms in specific, limited locations is likely to be sufficient to allow the 
MIAWL to be attained while containing the flow in the channel. Low bank elevations in the Flood 
Prone Reach and immediately upstream were mapped to determine the most likely locations for 
berms. Questions that need to be answered with further study include the placement of the berms 
with reference to the existing channel banks, and the top-of-berm elevations. Understanding the 
factors that control the MIAWL, and developing useful guidelines for estimating the MIAWL 
should help to answer these questions. 



3.3 Thermal Suppression 

Thermal suppression of ice formation occurs naturally on Ship Creek. Groundwater inflow keeps 
the lower portion of Ship Creek free of ice each winter. There are over twenty wells that were 
developed by the Alaska Fish and Game to supply water to the Fort Richardson Fish Hatchery in 
the near vicinity of the flood-affected reach of Ship Creek. Calculations indicate that well water 
could be effective in preventing ice formation in the flood-affected reach of Ship Creek if the well 
production rates and ground water temperatures that were observed during the Fish Hatchery 
operation were realized. The well water would be pumped into Flat Creek of the upstream limit of 
the flood-affected reach near Grady Bridge 

4. Summary 

Flooding occurs along Ship Creek where the maximum ice-affected water level (MIAWL) caused 
by anchor ice and ice dams exceeds the elevation of the top-of-banks of the channel. Areas outside 
of the channel are then inundated. Observations during the winter of 2016-17 showed that the 
MIAWL was contained within the Ship Creek banks from Ship Creek Dam downstream to Grady 
Road Bridge, and from the upstream of the steam line crossing downstream to below the 
Vandenberg Avenue Bridge. Understanding the factors that control the MIAWL, and developing 
useful guidelines for estimating the MIAWL should be an important focus of further study. 
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Figure 1 Ship Creek Location Map 



 
Figure 2 Ship Creek Flows (average, 5% and 95% percentiles) 

 
Figure 3 Spatial Distribution of Ice Formation on Ship Creek 



 
Figure 4 Flood Prone Reach 

 
Figure 5 Inundation of buildings at Fort Richardson Fish Hatchery (Image by Andrea Tesch) 



 
Figure 6 Increase in water level caused by ice formation 



 
Figure 7 Breaking up the surface ice cover (January 2017) 


