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In the winter of 1981-1982 a spill incident occurred at Dickinson Dam, 

where a large 186 m2 (8,000 ft2) ice floe broke loose from the upstream 

reservoir ice cover and floated onto a 61-m- (200-ft-) long by 1.07-m

(3.5-ft-) high crest gate damaging the gate and causing failure of the 

hydraulic control system. Various ice prevention concepts were studied 

before a final selection was made. An ice control system consisting 

of an ice boom in the shallow spillway intake channel and a warm water 

pump system to prevent ice buildup on the gate .was designed and installed 

in 1982. A summary of the system design and operational experience will 

be presented. 

l 



Introduction 

Dickinson Dam is located on the Heart River approximately 2 kilometers 

(1 mile) west of Dickinson, North Dakota. Initial construction of the 

dam, which stores water for a municipal water supply for the city of 

Dickinson and for irrigating downstream lands, was completed in 1951. 

In 1981-82, a 1.07-m- (3.5-ft-) high by 61.0-m- (200-ft-) iong hinged 

crest gate was installed on the existing concrete ogee crest service 

spillway to provide additional water storage and retain spillway dis

charge capacity for flood inflows. The crest gate is controlled by 

a torque tube driven by two hydraulic cylinders located in a control 

vault to the right of the spillway. The combined service spillway 

and outlet works are located on the right abutment. 

Operation of the hinged crest gate is to regulate releases and control 

the reservoir pool elevations and associated upstream reservoir flooding 

during periods of high inflow. Manual operation and automatic modes of 

operation are available. 

Ice Incident 

Construction of the crest gate was near completion in late February 

1982 when above normal temperatures and an early spring thaw produced 

substantial inflows into the reservoir. The reservoir elevation prior 

to the inflow was at approximately 736.1 m (2,415 ft), well below the 

concrete ogee crest elevation of 736.5 m (2,416.5 ft). The inflow 

produced a sudden rise in the reservoir elevation and floated the 0.61 m 

(2 ft) thick reservoir ice cover up and away from the structure and 

shoreline. 

Releases over the gate began on the morning of February 21, and the 

gate began to lower in the automatic mode of operation on that afternoon 

when the reservoir reached approximately elevation 737.8 m (2,420.5 ft). 

The high velocity flow in the spillway intake channel and water surface 

drawdo\vn near the crest gate produced a drag on the underside of the 

ice cover and tensile stresses in the 55-m- (180-ft-) wide ice sheet. 

With continued increasing reservoir elevation and subsequent automatic 

lowering of the gate, an ice flow 55 m (180 ft) by 6.1 m (20 ft) floated 

against the gate. As the block pivoted over the gate (figure 1), its 

full weight rested briefly on the upper end of the gate causing exces

sively high hydraulic pressures and separation of a coupling in the 

h draulic oil line to the control c linders. With a se aration in 



the hydraulic oil line, the gate owere re easing a surge o wa er 

downstream. Immediately following the incident the crest gate was 

repaired and returned to operation. 

Cold weather which followed during the spring of 1982 caused considerable 

ice buildup on the reservoir and on the upstream face of the gate. 

To allow the gate to lower properly for subsequent releases, it was 

necessary to cut the reservoir ice immediately upstream of the gate 

over the entire 61-m (200-ft) gate (figure 2). Ice which remained 

frozen to the gate disturbed initial flows over the gate and created 

an undesirable additional load on the gate, especially on the top of 

the gate where the weight is most undesirable. 

Design of Ice f1anagement System 

Although there were no serious injuries or downstream damages resulting 

from this ice related incident, the need for structural modifications 

and/or modifications to the reservoir operation was evident. After 

studying several winter reservoir operation alternatives, it was recog

nized that project storage requirements could not be met unless struc

tural modifications were made. 

Hith the requirement that the gate remain operational during the winter 

months, the modification required a structure which would prevent reser

voir ice from floating out onto the operating gate, as well as prevent 

ice buildup on or near the gate. Several possible schemes were investi

gated, including an ice boom in the intake channel supplemented by 

an air bubbler system near the gate. The water depth in the intake 

channel to the spillway can vary from z~ro to 2.44 m (8 feet) [elevation 

735.2 m (2412 ft) to 737.6 m (2420 ft)]. The possibility of very shal

low, uncirculating water in the intake channel precluded the use of 

a bubbler system for this project. 

A second alternative was studied which used an ice boom in the intake 

channel supplemented by pumped reservoir water to clear ice near the 

crest gate. This scheme uses reservoir water from a 762-mm- (30-inch-) 

diameter municipal water supply line to the city of Dickinson. The 

conduit invert elevation is 732.7 m (2404.0 ft), 4.9 m (16 ft) below 

maximum reservoir conservation pool l evel and extends 91.5 m (300 ft ) 

into the reservoir. The conduit passes through a wet well on the left 

training wall of the spillway. The winter water temperatures in the 

su l line avera e 1.7° C 35° F . 



Figure 1 - Ice sheet pivoting on Dickinson Dam 
spillway crest gate, February 21, 1982 

Figure 2 - Cutting r ese rvoir i ce with chain saw 



A design was developed whereby two vertical turbine pumps are installed 

in the wet well to supply the re latively warm water to a 152 mm (6 in) 

header pipe. The PVC header pipe passes through the spillway training 

wall and is attached to the upstream slope of the ogee spillway crest. 

Ports, 19 mm (3/4 in) in diameter, are placed every 1.52 m (5 ft) along 

the 61-m- (200-ft-) long pipe whi ch runs the full length of the spillway. 

The ports are oriented such that the warm water jets are directed along 

the upstream face of the crest toward the crest gate. The design of 

the ice management system is shown in figure 3 (note the ice break 

line that occurred in 1982). 

Loads on the ice boom were computed using a 100-yr flood event and 

an ice cover. For design, the maximum area of the fractured ice sheet 

was conservatively estimated to be approximately 4000 m2 (43 000 ft2). 

Cable stays were provided for the 29-mm (1-1/8-in) main cable to assure 

that the ice boom would be near the gate when flows over the gate stop 

and when the ice cover forms for the winter. Two large concrete blocks 

(92 tons) were installed in the reservoir to anchor the ice boom. 

The 19 boom timbers are each 3.7 m (12 ft) long and have a cross section 

of 0.4 x 0.5 m (16 in x 20 in). 

The direct pump concept design was based on several simplifications 

of heat transfer and submerged jet theories. The jet criteria used 

was to maintain an impingement velocity of 0.3 m/s (1 ft / s) on the 

underside of the ice cover 2.44 m (8 ft) from the header pipe. This 

would produce a plume impingement area on the ice approximately 1 m 

(3.4 ft) in diameter. Using the equation for the core velocity of 

a submerged jet: 

where D = effective port diameter 

( 1) 

X = distance from header pipe where velocity is calculated 

V0 = nozzle exit velocity 

Considering the contraction coefficient D = (0.6) (19 mm) and for a 

distance, X = 2.44 m, the exit velocity, V0 , will need to be 9.8 m/ s 

(32.3 ft/s) to ass ure a velocity, V, of 0.3 m/s at the underside of 

the ice cover. The pressure head, H, needed is: 
v2 

H =.!SJ= 4.9 m 
2g 
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The needed pump power can be calculated, assuming a head loss of 3 m 

(10 ft) in the header pipe. 

P0 = e Qp gH 

For 40 ports@ 1.7 L/s, the total pump discharge, Q, is 68 L/s. 

Since: p = 1000 kg/m3 

g = 9.8 m/s2 

e = pump efficiency (.80) 

P0 = 2,612 watts (3.5 hp) 

Two 3,750-watt (5-hp) pumps were selected. One was installed as the 

primary pump with the second as backup. This system design is shown 

in figure 4. 

Ashton (1982) showed that the actual heat transferred to the underside 

of the ice cover can be evaluated using the following relationship 

between the Nusselt and Reynolds numbers. 

Nu = 0.96 Re0.62 

Since: Nu= hb/k 

Re = Vb/v 

Hhere: h = average heat transfer coefficient 

b = radius of the impingement plume 

k = thermal conductivity of \'later 

V = impingement velocity 
\) = kinematic vi scosity 

Using equation ( 3) 

hb = 0.96 y0.62 b0.62 
T v O. 62 

For k = 0.56 watts/m/°C and v = 1.6 x 10-6 m2/s 

(2) 

(3) 

(4) 

or h = 2100 v0.62 b-0.38 (5) 

The actual heat transferred is: 

q = h (Tw - Tr) watts/m2 

where: Tw = temperature of water jet 

T = temperature of ice 
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when Tr = o 0 c 

q = h Tw 

For a jet velocity at the ice, V, of 0.3 m/s and a plume radius, b, 

of 0.54 m 

h = 2100 (0.3)0.62 (0.54)-0.38 

= 1260 watts/m2; 0 c 

For Tw = 1 oc 

q = (1260) (1) = 1260 watts/m2 

Therefore, when the water depth is such that the ice cover is 2.4 m 

from the header pipe, approximately 1260 watts/m2 will be delivered 

to the plume impingement area which is 1.0 min diameter. This meets 

the design conditions. 

The melting rate of ice can be approximated by: 

\Jhere: Pi = density of ice - 920 kg/m3 

A = latent heat of melting - 3.34 X 105 watt/s 
kg 

.6 t = change in ice thickness, m 

.6 T = change in time, sec 

(6) 

This assumes no heat loss from the ice surface and that the full 1260 

watts/m2 is used to melt the ice. Therefore, for the design conditions 

the melting rate will be: 

1260 (3600) 
= 1. 48 cm/hr 

(920)(3.34x105) 

For an air temperature of -20 °C and a 3 m/hr wind the hea t loss from 

an open water surface is approximately 400 watts/m2. It would seem 

that the designed system of 1260 watts/m2 is more than adeq uate for 

controlling ice buildup on and near the crest gate of Dickinson Dam. 



Johansson (1959) describes a similar ice control system used in Norway 

where approximately 0.93 L/s (0.033 ft3/s) was used for 1 m (3.3 ft) 

of length along a gate. The water used was approximately 4 °c. 

Operation 

The deicing system is designed to operate either continuously or inter

mittently as necessary during the ice season to prevent excessive ice 

buildup against the gate and to prevent freezeup of the deicing distri

bution system. Control of each pump for the system is by an on-off 

pushbutton switch. After a pump or both pumps are started, the water 

flow rate can be adjusted by manually opening or closing the appropriate 

plug valve. Flows between 18.9 and 31.5 L/s (300 and 500 gal/min) 

can be regulated by a 76-mm (3-inch) plug valve and flows between 34.7 

and 56.7 L/s (550 and 900 gal/min) can be regulated by a 150-mm (6-inch) 

plug valve (see figure 2). The flow rate at the plug valves should 

not be less than 18.9 L/s with one pump running and not less than 

37.8 L/s (600 gal/min) with both pumps running to prevent cavitation. 

The optimum operation of the system would leave a thin surface layer 

of ice between the gate and the ice boom of 76-102 mm (3 to 4 inches) 

in depth. This thin layer of ice would provide insulation against 

excessive heat 1 oss from the open water surface. \Jaterfl ow rates needed 

to form and keep this thin ice layer depend on factors such as water 

depth, outside weather conditions, and water temperature. 

The 150-mm PVC nozzled discharge pipe is sloped to automatically drain 

into the wet well chamber via a 13-mm- (1/2-inch-) diameter hole located 

in the bottom of the lower elbow just inside the chamber wall. 

The crest gate is designed to withstand an ice buildup against the 

gate. However, the ice against and immediately upstream of the gate 

must be removed prior to any sudden rise in reservoir elevation to 

prevent possible lifting of the gate from the saddle bearings on which 

the gate rotates. Ice on and immediately upstream of the gate must 

also be removed or weakened prior to releasing water over the gate 

to produce undisturbed flow over the gate and prevent excessive loading 

on the gate when ice downstream of the ice boom goes over the gate. 

Operation of the deicing system when the reservoir elevation is below 

the bottom of the crest gate (elevation 736.5 m) is necessary to prevent 



freezeup and damage to the 150-mm PVC deicing distribution line and 

to reduce the ice mass downstream of the ice boom. 

Operational Experience 

Operational changes in the deicing system are generally made during 

routine weekly inspections of the dam and crest gate. Under the circum

stances, intermittent and unrestricted operation of the deicing pumps 

has been found to be the most economical and practical means of removing 

ice from upstream of the gate. Restricting the flow with the plug 

valves would decrease the ice removal rate and would not save electrical 

energy. Restricting flow with the plug valves is anticipated only 

at lower reservoir elevations to prevent water jets from penetrating 

the water surface. 

In early and mid-winter when inflows are not expected and when freezing 

of the deicing system is not a concern, the ice cover is allowed to 

reach a thickness of 300-460 mm (1 to 1-1/2 feet) prior to operating 

the deicing system. The system, running continuously with one pump, 

will generally remove the ice for a distance of 1.5-3.0 m (5 to 10 feet) 

upstream from the gate by the next weekly inspection (figure 5). The 

pump/deicing system is generally then turned off unless extended subzero 

temperatures are anticipated. The pump is generally restarted in 1 

to 2 weeks. 

An attempt is made to limit the ice thickness to about 300 mm (1 foot) 

from mid-1vinter to spring thaw, when the proability of inflows increases. 

Operation of one pump at full flo'tt of about 32 L/s (500 ga.1/min) will 

remove the ice to 1 m (3 ft) upstream of the gate within a day. About 

3.0 m (10 feet) of water can be removed with 2 to 3 days of operation. 

rlo re continuous monitoring of the reservoir ice thickness and/or opera

tion of the deicing system is required when the water level in the 

reservoir recedes to within 0.6 m (2 feet) or less of the 150-mm (6-in ch) 

deicing system distribution line. Freezeup of the line and spray nozzles 

would make the system inoperative. Damage to the line would also be 

very likely if the line were froze n into the ice at the time of a rise 

in reservoir e l evation. No heat elements are built into the system 

to thaw it out. 

Snow cover on the ice has a great effect on the ice thickness. For 

example, in early January of 1986, the ice in the major portion of 



Figure 5 - Dickinson Dam ice management system in operation. 
View of the crest gate in the upright position 
with no ice immediately upstream of the gate. 

Dickinson Reservoir where there was no snow accumulation was about 

560 mm (22 inches) thick. The ice in the area of the log boom after 

the system had not been operated for 3 weeks was only 180 mm (7 inches) 

thick under a .3- to .6-m (1- to 2-ft) snow cover. 

The ice boom has prevented large masses of ice from going over the 

gate and has operated as designed with a few construction modifications. 

The logs freeze in parallel to the gate in a floating position. By 

spring, however, many of the logs are not visible due to an accumulation 

of ice and snow on the logs which develops during thawing periods. 

Ice downstream and adjacent to the ice boom slowly melts when spillway 

releases are made. 

Maintenance modifications to the ice boom have consisted mainly of 

replacing galvanized structural wire rope with either stainless steel 

wire rope or stainless steel chain. Stainless steel chain now connects 

the logs themselves to the main 29-mm- (1-1/8-inch-) diameter galvanized 

cable connected to the concrete anchors. Continuous wave action on 

the logs caused failure of the previous galvanized cable within about . 
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2 years. Corrosion at the water line also caused failure of the gal-

vanized wire rope vlith counterweights 1vhich keep the ice boom parallel ____ _ 

to the crest gate during ice formation and . periods of no spillway re-

leases. Corrosion to the 29-mm wire rope is being monitored. 

Concluding Comments 

The water circulation deicing system and ice boom have performed satis

factorily as designed and with few modifications. The deicing system 

has been operated about 2,800 pump hours in the past 4 years. The 

system has adequate capacity with only one of the two pumps in operation. 

The second pump may only be required as a backup or if emergency ice 

removal is needed during a sudden, unexpected spring thaw. A smaller 

pump would suffice for a more continuous deicing operation. Embedment 

of the distribution line in concrete to prevent potential ice uplift 

damage if water freezes around the system and installation of a full

length heating element to thaw out the system should be considered 

for future installation. 
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In the winter of 1981-1982 a spill incident occurred at Dickinson Dam, 
where a large 186 m2 (8,000 ft2) ice floe broke loose from the upstream 
reservoir ice cover and floated onto a 61-m- (200-ft-) long by 1.07-m
(3.5-ft-) high crest gate damaging the gate and causing failure of the 
hydraulic control system. Various ice prevention concepts were studied 
before a final selection was made. An ice control system consisting 
of .an ice boom in the shallow spillway intake channel and a warm water 
pump system to prevent ice buildup on the gate .was designed and installed 
in 1982. A summary of the system design and operational experience will 

be presented. 



Introduction 

Dickinson Dam is located on the Heart River approximately 2 kilometers 
(1 mile) west of Dickinson, North Dakota. Initial construction of the 
dam, which stores water for a municipal water supply for the city of 
Dickinson and for irrigating downstream lands, was completed in 1951. 
In 1981-82, a 1.07-m- (3.5-ft-) high by 61.0-m- (200-ft-) iong hinged 
crest gate was installed on the existing concrete ogee crest service 
spillway to provide additional water storage and retain spillway dis
charge capacity for flood inflows. The crest gate is controlled by 
a torque tube driven by two hydraulic cylinders located in a control 
vault to the right of the spillway. The combined service spillway 
and outlet works are located on the right abutment. 

Operation of the hinged crest gate is to regulate releases and control 
the reservoir pool elevations and associated upstream reservoir flooding 
during periods of high inflow. Manual operation and automatic modes of 
operation are available. 

Ice Incident 

Construction of the crest gate was near completion in late February 
1982 when above normal temperatures and an early spring thaw produced 
substantial inflows into the reservoir. The reservoir elevation prior 
to the inflow wa.s at approximately 736.1 m (2,415 ft), well below the 
concrete ogee crest elevation of 736.5 m (2,416.5 ft). The inflow 
produced a sudden rise in the reservoir elevation and floated the 0.61 m 
(2 ft) thick reservoir ice cover up and away from the structure and 
shoreline. 

Releases over the gate began on the morning of February 21, and the 
gate began to lower in the automatic mode of operation on that afternoon 
when the reservoir reached approximately elevation 737.8 m (2,420.5 ft). 
The high velocity flow in the spillway intake channel and water surface 
drawdown near the crest gate produced a drag on the underside of the 
ice cover and tensile stresses in the 55-m- (180-ft-) wide ice sheet. 
With continued increasing reservoir elevation and subsequent automatic 
lowering of the gate, an ice flow 55 m (180 ft) by 6.1 m (20 ft) floated 
against the gate. As the block pivoted over the gate (figure 1), its 
full weight rested briefly on the upper end of the gate causing exces
sively high hydraulic pressures and separation of a coupling in the 
hvdraulic oil line to the control cvlinders. Hith a seoaration in 



the hydraulic oil line, the gate owere re easing a surge o wa er 
downstream. Immediately following the incident the crest gate was 
repaired and returned to operation. 

Cold weather which followed during the spring of 1982 caused considerable 

ice buildup on the reservoir and on the upstream face of the gate. 
To allow the gate to lower properly for subsequent releases, it was 
necessary to cut the reservoir ice immediately upstream of the gate 
over the entire 61-m (200-ft) gate (figure 2). Ice which remained 
frozen to the gate disturbed initial flows over the gate and created 
an undesirable additional load on the gate, especially on the top of 
the gate where the weight is most undesirable. 

Design of Ice f1anagement System 

Although there were no serious injuries or downstream damages resulting 
from this ice related incident, the need for structural modifications 
and/or modifications to the reservoir operation was evident. After 
studying several winter reservoir operation alternatives, it was recog
nized that project storage requirements could not be met unless struc
tural modifications were made. 

With the requirement that the gate remain operational during the winter 
months, the modification required a structure which would prevent reser
voir ice from floating out onto the operating gate, as well as prevent 
ice buildup on or near the gate. Several possible schemes were investi
gated, including an ice boom in the intake channel supplemented by 
an air bubbler system near the gate. The water depth in the intake 
channel to the spillway can vary from z~ro to 2.44 m (8 feet) [elevation 
735.2 m (2412 ft) to 737.6 m (2420 ft)]. The possibility of very shal
low, uncirculating water in the intake channel precluded the use of 
a bubbler system for this project. 

A second alternative was studied which used an ice boom in the intake 
channel supplemented by pumped reservoir water to clear ice near the 

crest gate. This scheme uses reservoir water from a 762-rnm- (30-inch-) 
diameter municipal water supply line to the city of Dickinson. The 
conduit invert elevation is 732.7 m (2404.0 ft), 4.9 m (16 ft) below 
maximum reservoir conservation pool level and extends 91.5 m (300 ft) 
into the reservoir. The conduit passes through a wet well on the left 
training wall of the spillway. The winter water temperatures in the 
su l line avera e 1.7° C 35° F . 



. .. ., .. -.. 
• 
••• 

Figure 1 - Ice sheet pivoting on Dickinson Dam 
spillway crest gate, February 21, 1982 
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Figure 2 - Cutting reservoir ice with chain saw 
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A design was developed whereby two vertical turbine pumps are installed 
in the wet well to supply the relatively warm water to a 152 mm (6 in) 
header pipe. The PVC header pipe passes through the spillway training 
wall and is attached to the upstream slope of the ogee spillway crest. 
Ports, 19 mm (3/4 in) in diameter, are placed every 1.52 m (5 ft) along 

the 61-m- (200-ft-) long pipe which runs the full length of the spillway. 
The ports are oriented such that the warm water jets are directed along 
the upstream face of the crest toward the crest gate. The design of 
the ice management system is shown in figure 3 (note the ice break 
line that occurred in 1982). 

Loads on the ice boom were computed using a 100-yr flood event and 
an ice cover. For design, the maximum area of the fractured ice sheet 
was conservatively estimated to be approximately 4000 m2 (43 000 ft2). 
Cable stays were provided for the 29-mrn (1-1/8-in) main cable to assure 
that the ice boom would be near the gate when flows over the gate stop 

and when the ice cover forms for the winter. Two large concrete blocks 
(92 tons) were installed in the reservoir to anchor the ice boom. 
The 19 boom timbers are each 3.7 m (12 ft) long and have a cross section 
of 0.4 x 0.5 m (16 in x 20 in). 

The direct pump concept design was based on several simplifications 
of heat transfer and submerged jet theories. The jet criteria used 
was to maintain an impingement velocity of 0.3 m/s (1 ft/s) on the 
underside of the ice cover 2.44 m (8 ft) from the header pipe. This 
would produce a plume impingement area on the ice approximately 1 m 
(3.4 ft) in diameter. Using the equation for the core velocity of 
a submerged jet: 

where D = effective port diameter 

(1) 

X = distance from header pipe where velocity is calculated 
V0 = nozzle exit velocity 

Considering the contraction coefficient D = (0.6} (19 mm) and for a 
distance, X = 2.44 m, the exit velocity, V0 , will need to be 9.8 m/s 
(32.3 ft/s) to assure a velocity, V, of 0.3 m/s at the underside of 

the ice cover. The pressure head, H, needed is: 
2 

H =:!..rJ = 4.9 m 
2g 
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The needed pump power can be calculated, assuming a head loss of 3 m 
(10 ft) in the header pipe. 

P0 =eQpgH 

For 40 ports@ 1.7 L/s, the total pump discharge, Q, is 68 L/s. 

Since: p = 1000 kg/m3 
g = 9.8 m/s2 

e = pump efficiency (.80) 

P0 = 2,612 watts (3.5 hp) · 

Two 3,750-watt (5-hp} pumps were selected. One was installed as the 
primary pump with the second as backup. This system design is shown 
in figure 4. 

Ashton (1982) showed that the actual heat transferred to the underside 
of the ice cover can be evaluated using the following relationship 
between the Nusselt and Reynolds numbers. 

(2) 

Nu= 0.96 Re0· 62 (3) 

Since: Nu= hb/k 
Re = Vb/v 

Where: h = average heat transfer coefficient 
b = radius of the impingement plume 
k = thermal conductivity of water 
V = impingement velocity 
v = kinematic viscosity 

Using equation (3) 

hb = 0.96 y0.62 b0.62 
T v0.62 

For k = 0.56 watts/m/°C and v = 1.6 x 10-6 m2/s 

(4) 

or h = 2100 y0.62 b-0.38 (5) 

The actual heat transferred is: 

q = h (Tw - T1) watts/m2 

where: Tw = temperature of water jet 

T = temperature of ice 
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when Tr= o 0 c 
q = h Tw 

For a jet velocity at the ice, V, of 0.3 m/s and a plume radius, b, 

of 0.54 m 

h = 2100 (0.3)0.62 (0.54)-0.38 

= 1260 watts/m2; 0 c 

For Tw = 1 oc 

q = {1260) (1) = 1260 watts/m2 

Therefore, when the water depth is such that the ice cover is 2.4 m 

from the header pipe, approximately 1260 watts/m2 will be delivered 
to the plume impingement area which is 1.0 min diameter. This meets 
the design conditions. 

The melting rate of ice can be approximated by: 

Uhere: Pi = density of ice - 920 kg/m3 

A = latent heat of melting - 3.34 X 105 watt/s 
kg 

tit= change in ice thickness, m 

t.T = change in time, sec 

(6) 

This assumes no heat loss from the ice surface and that the full 1260 
watts/m2 is used to melt the ice. Therefore, for the design conditions 

the melting rate will be: 

tit = 
t.T 

1260 (3600) 
(920)(3. 34x105) 

= 1. 48 cm/hr 

For an air temperature of -20 °C and a 3 m/hr wind the heat loss from 
an open water surface is approximately 400 watts/m2. It would seem 
that the designed system of 1260 watts/m2 is more than adequate for 

controlling ice buildup on and near the crest gate of Dickinson Dam. 



Johansson (1959) describes a similar ice control system used in Norway 
where approximately 0.93 L/s (0.033 ft3/s) was used for 1 m (3.3 ft) 
of length along a gate. The water used was approximately 4 °C. 

Operation 

The deicing system is designed to operate either continuously or inter
mittently as necessary during the ice season to prevent excessive ice 
buildup against the gate and to prevent freezeup of the deicing distri
bution system. Control of each pump for the system is by an on-off 
pushbutton switch. After a pump or both pumps are started, the water 

flow rate can be adjusted by manually opening or closing the appropriate 
plug valve. Flows between 18.9 and 31.5 L/s (300 and 500 gal/min) 
can be regulated by a 76-mm (3-inch) plug valve and flows between 34.7 
and 56.7 L/s (550 and 900 gal/min) can be regulated by a 150-mm (6-inch) 
plug valve (see figure 2). The flow rate at the plug valves should 
not be . less than 18.9 L/s with one pump running and not less than 
37.8 L/s (600 gal/min) with both pumps running to prevent cavitation. 

The optimum operation of the system would leave a thin surface layer 
of ice between the gate and the ice boom of 76-102 mm (3 to 4 inches) 
in depth. This thin layer of ice would provide insulation against 
excessive heat loss from the open water surface. llaterflow rates needed 
to form and keep this thin ice layer depend on factors such as water 
depth, outside weather conditions, and water temperature. 

The 150-mm PVC nozzled dfscharge pipe is sloped to automatically drain 
into the wet well chamber via a 13-mm- (1/2-inch-) diameter hole located 
in the bottom of the lower elbow just inside the chamber wall. 

The crest gate is designed to withstand an ice buildup against the 
gate. However, the ice against and immediately upstream of the gate 
must be removed prior to any sudden rise in reservoir elevation to 

prevent possible lifting of the gate from the saddle bearings on which 
the gate rotates. Ice on and immediately upstream of the gate must 
also be removed or weakened prior to releasing water over the gate 
to produce undisturbed flow over the gate and prevent excessive loading 
on the gate when ice downstream of the ice boom goes over the gate. 

Operation of the deicing system when the reservoir elevation is below 
the bottom of the crest gate (elevation 736.5 m) is necessary to prevent 



freezeup and damage to the 150-mm PVC deicing distribution line and 
to reduce the ice mass downstream of the ice boom. 

Operational Experience 

Operational changes in the deicing system are generally made during 
routine weekly inspections of the dam and crest gate. Under the circum
stances, intermittent and unrestricted operation of the deicing pumps 
has been found to be the most economical and practical means of removing 
ice from upstream of the gate. Restricting the flow with the plug 
valves would decrease the ice removal rate and would not save electrical 
energy. Restricting flow with the plug valves is anticipated only 
at lower reservoir elevations to prevent water jets from penetrating 

the water surface. 

In early and mid-winter when inflows are not expected and when freezing 
of the deicing system is not a concern, the ice cover is allowed to 
reach a thickness of 300-460 mm (1 to 1-1/2 feet) prior to operating 
the deicing system. The system, running continuously with one pump, 
will generally remove the ice for a distance of 1.5-3.0 m (5 to 10 feet) 
upstream from the gate by the next weekly inspection (figure 5). The 
pump/deicing system is generally then turned off unless extended subzero 
temperatures are anticipated. The pump is generally restarted in 1 

to 2 weeks. 

An attempt is made to limit the ice thickness to about 300 mm (1 foot) 
from mid-winter to spring thaw, when the proability of inflows increases. 
Operation of one pump at full flow of ab_out 32 L/s (500 ga.1/min) will 

remove the ice to 1 m (3 ft) upstream of the gate within a day. About 
3.0 m (10 feet) of water can be removed with 2 to 3 days of operation. 

rlore continuous monitoring of the reservoir ice thickness and/or opera

tion of the deicing system is required when the water level in the 
reservoir recedes to within 0.6 m (2 feet) or less of the 150-mm (6-inch) 
deicing system distribution line. Freezeup of the line and spray nozzles 
would make the system inoperative. Damage to the line would also be 
very likely if the line were frozen into the ice at the time of a rise 
in reservoir elevation. No heat elements are built into the system 

to thaw it out. 

Snow cover on the ice has a great effect on the ice thickness. For 
example, in early January of 1986, the ice in the major portion of 
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Figure 5 - Dickinson Dam ice management system in operation. 
View of the crest gate in the upright position 
with no ice immediately upstream of the gate. 

Dickinson Reservoir where there was no snow accumulation was about 
560 mm (22 inches) thick. The ice in the area of the log boom after 
the system had not been operated for 3 weeks was only 180 mm (7 inches) 
thick under a .3- to .6-m (1- to 2-ft) snow cover. 

The ice boom has prevented large masses of ice from going over the 
gate and has operated as designed with a ·few construction modifications. 
The logs freeze in parallel to the gate in a floating position. By 
spring, however, many of the logs are not visible due to an accumulation 
of ice and snow on the logs which develops during thawing periods. 
Ice downstream and adjacent to the ice boom slowly melts when spillway 

releases are made. 

Maintenance modifications to the ice boom have consisted mainly of 
replacing galvanized structural wire rope with either stainless steel 
wire rope or stainless steel chain. Stainless steel chain now connects 

the logs themselves to the main 29-mm- (1-1/8-inch-) diameter galvanized 
cable connected to the concrete anchors. Continuous wave action on 
the logs caused failure of the previous galvanized cable within about . 
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2 years. Corrosion at the water line also caused failure of the gal
vanized wire rope with counterweights which keep the ice boom paralleL 
to the crest gate during ice formation and . periods of no spillway re
leases. Corrosion to the 29-mm wire rope is being monitored. 

Concluding Comments 

The water circulation deicing system and ice boom have performed satis
factorily as designed and with few modifications. The deicing system 
has been operated about 2,800 pump hours in the past 4 years. The 
system has adequate capacity with only one of the two pumps in operation. 
The second pump may only be required as a backup or if emergency ice 
removal is needed during a sudden, unexpected spring thaw. A smaller 
pump would suffice for a more continuous deicing operation. Embedment 
of the distribution line in concrete to prevent potential ice uplift 
damage if water freezes around the system and installation of a full
length heating element to thaw out the system should be considered 
for future installation. 
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