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ENERGY AND 
NATURAL RESOURCES 

Fish & Wildlife Division 
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FileNo. 

Telephone: 403427-6 7 49 

Ma~hng Addres~· Main Floor. North !~wer_. Petroleum Plaza. 9945 . 108 Sneet. Edmonton. Albet1a. Canada T5K 2G6 
Offoce Locatoon . AssiStant Deputy Monoster s Offoce. 10th Floor. South Tower. Petroleum Plaza. 9915 . 108 Street. Edmonton. Alberta. Canada T5K 2GB 

Or . David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
CHICAGO, Illinois 
60606 
U. S. A. 

Dear Or. Louie: 

November 8, 1984 

In response to your October 16, 1984 letter requesting information on matters 
relating to ice-control-engineering, there are no personnel employed by the Fish 
and Wildlife Division with state-of-the-art expertise in ice-control-engineering 
which affects the environment. 

All policies and dam operating procedures a.re the responsibility of the 
Alberta Department of the Environment. By copy of this letter I am forwarding 
your request to: 

Mr. Peter G. Melnychuk 
Assistant Deputy Minister 
Water Resources Management Services 
Alberta Environnment 
14th Floor, Oxbridge Place 
9820 - 106 Street 
EDMONTON, Alberta T5K 2J6 
(Telephone: 427-6252) 

They may have some additional comments they may wish to make. In the Province of 
Alberta there has been limited documentation of problems between reservoirs/ 
reservoir operations and ungulates. Most of the documentation deals with habitat 
loss and management following reservoir construction. The existing reservoirs in 
Alberta are not in the path of any major ungulate migrations which minimize the 
likelihood for problems although some local problems may exist which we are not 
documented by us. 

The Fish and Wildlife Division is presently developing water quality criteria for 
the protection of fish and other aquatic life. Suspended sediment will be one 
parameter for which criteria will be developed. All potential man related 
sources of sediment will be expected to .comply with the criteria. However, 
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until we develop our own criteria we intend to use criteria established by the 
Inland Waters Directorate of Envi ronment Canada wni ch is 25 mg . l-1 . 

I trust the foregoi ng has been of use to you. 

cc: K. Ambrock - A. Locke 
P. G. Melnychuk 

~ 
Dennis c. Surrendi 
Assistant Deputy Minister 



ENERGY AND 
NATURAL RESOURCES 

File No 

2nd Floor. Pacific Plaza . 10909 Jasper Avenue. Edmonton. Alberta. Canada TSJ 3M8 TeleJC 037-3676 

Dr . H. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 
60606-4176U.S.A. 

Dear Dr. Louie: 

October 31, 1984 . 

With reference to your letter of October 16, 1984 , 
the Department does not have an extensive program in the 
area of ice control engineering. However, there are some 
activities underway related to ice formation in culverts, 
freeze-up in settling ponds and protection of decant 
structures in settling ponds. 

If you wish further information on these topics you 
may wish to contact Mr . D.T. Sneddon, Forest Research Branch, 
Alberta Forest Service, Spruce Grove , Alberta. Alternatively, 
you may wish to contact Mr . E. J. Barry, Vice President 
Planning, TransAlta Utilities Corporation, 110 12 Ave 
S.W., Calgary, Alberta T2R OG7. 

RDM:df 

cc: T.D. Sneddon 
E.J. Barry 

Yours truly, 

/ .-
R.D . McDonald 
Executive Director 
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ENVIRONMENT 
Environmental Evaluation 

Services 
Environmental Assessment Division 

11th Floor, Oxbridge Place. 9820 - 106 Street, Edmonton, Alben•. Canada T5K 2J6 403/ 427-62m Telex 037·2006, TWX 610-831-2636 

Dr. Oavid Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 

Dear Sir: 

tlovember 16, 1984 

We are in receipt of your letter of October 16, 1984, inquiring 
about the state-of-the-art in ice control engineering which affects the 
environment. 

Mr. M.E. Quazi, P.Fng., Branch Head of the River En~ineering Branch, 
Alberta Environment and his staff have compiled a list of contacts 
specifically related to items 1, 3, and 4 of your request. Mr. Quazi may 
be contacted at (403-427-6280) or by writing to him at the above address, 
c/o the Technical Services ~ivision, lOth Floor, Oxbridge Place. 

We are unable to respond directly to item 2. I trust the attached 
information is of assistance to you. 

RLS/cn 
Att'd 

Yours sincerely, 

P.l. Stone, ~~IP 
Head 
EIA Review Branch 

J 



State-of-the-Art 
In Ice Control Engineering 

Which Affects the Environment 

Concerning procedures and/or operating policies to minimize the fo~atfon 
of ice jams, there are a large number of Canadian contacts who are deeply 
involved in the subject. The contacts which this Branch has made in its own 
field studies and efforts along these lfnes include: British ColuMbia Hydro 
and Power Authority (Vancouver); the British Columbia Ministry of the 
Environment (Victoria); TransAlta Utilities (Calgary); Acres Consulting 
Services ltd. (Niagara Falls), and a host of Research Engineers in the field 
such as nr. R.A. Harrington (Alberta Research Council, Edmonton), Dr. R. 
Gerard (the University of Alberta), Mr. C.R. Neill (Northwest Hydraulic 
Consultants ltd., E~Hton), Dr. B. Michel (laval University), as well as a 
few Research Engineers at the U.S. A~ Corps of Engineer's 'Cold Regions 
Research and Engineering laboratory' at Hanover, New Hampshire, which we are 
certain that Harza would be aware of as well. 

As well as the above mentioned, our own staff have been involved in 
studying the operating procedures of two major hydro projects for pur·poses of 
minimizing the formation of ice jams at either freezeup or breakup of the 
Peace, ~lorth Saskatchewan and Bow Rivers in Alberta. ~!r. Harold Cameron of 
Hydroelectric Branch may also he a useful source of information. 

Concerning reservoir management to control crack formation for animal 
passage across the frozen reservoir, we do not get involved in that sort of 
study directly, however, we can suggest a few contacts who may have. These 
would include R. C. Hydro, the Canadian Electrical Association (CEA), perhaps 
TransAlta Utilities, definitely Acr~s Consulting Engineering Services (they 
have conducted a study for the CEA on ice 'hinging' action along river banks 
in response to fluctuations from the W.A.C. Bennett Oarn C?n the Peace River) . 
Again, Hr. Harold Cameron may also be of use to you in formulating your 
response to Harza. 

Concerninq bank erosion caused by breakup of ice and its mov~nt, any of 
the contacts for Point 1 would be of assistance for this topic as well. These 
contacts may not be able to address the particular aspect of allowable 
turbidity, however, they should be able to address the mechanical processes. 
The turbidity aspects as related to fish may be ahle to be addressed by the 
two Hydro companies, B.C. Hydro and TransAlta, and additional information may 
be obtainable frOM the personnel of Fish and Wildlife Oivision of Alberta 
En~rgy and Natural Resources. A further source of information along this 
specific line may be Mr. Chris Katopodis, P.Eng. of the federal Freshwater 
Institute in Winnipeg (located on the University of Manitoba campus) • 
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While thinkin!] of persons in t1anitoba who Play be of use to Harza, the 
staff of ~anitoba Hydro comes to mind, as does their chief consultants ...• 
Crippen-Acres Engineering in Winnipeg. As it has been a while since the 
undersigned had any direct involvement in ~anitoba, names (unfortunately) 
escape me at the present, except for an R. (P.ick) Carson at Crippen-Acres. 

Pegarding Harza ' s Point 2, on environmental il'lpact on terrestrial 
animals, we do not get i nvolved in that type of study, so have no direct 
contacts we could name. The two hydro companies might be of use to Harza, as 
might Mr. Harold Cameron, in terms of the multi-disciplinary aspects of hydro 
projects. 

Specific contacts with some of the above agencies who have not already 
been named inc 1 ude: 

Mr. l.J. (les) Parmley, P.Eng. - B.C. Hydro; 

Mr. H.M. (Hugh) Hunt, P.Eng. - B.C. F.nvironment 

Mr. P.J. (Pat) Doyle, P. Eng. - TransAlta Utilities 

~1r. T. (Tom) lavender, P.Eng. - Acres Consulting F.ngineering Services, 
Niagara Falls; and 

Mr. Gordon D. Fonstad, P. Eng., Head, River Studies Section, Technical 
Services Oivision, Alberta Environment 



ENVIRONMENT 
Water Resources Management 

Services 
Technical Services Division 

10th Floor, Oxbridge Place. 9820 · 106 Street. Edmonton. Albena. Canada TSK 2J6 Telex 037·2006 TWX 610-831·2636 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 
U.S.A. 
60606 

Dear Dr. Louie, 

November 19, 1984 

Office of the Director 

Your letter of October 16, 1984 addressed to Dr. D.C. Surrendi, 
Assistant Deputy Minister, Fish and Wildlife, Alberta Energy and 
Natural Resources regarding ice control engineering, was forwarded to 
Mr. P.G. Melnychuk, Assistant Deputy Minister, Water Resources 
Management Services, Alberta Environment. I understand that Mr. R.L. 
Stone of the Environmental Assessment Division, Environmental 
Protection Services, has already repl ied to a similar letter. Mr. 
Stone's reply will have included information from the River Engineering 
Branch of the Technical Services Division, and contains the most 
up-to-date information in this Department. 

We would be keenly interested in the result of the extensive survey 
which you are presently undertaking. Will this information be made 
available to interested agencies? 

cc : P.G. Melnychuk 
R.L. Stone 
D.C. Surrendi 

Yours truly, 

J.. ' , I • 
r , - - ... : I 

I 
I 

R.K. Deeprose, P. Eng. 
DIRECTOR 



December 5, 1984 

Harza Enginee ring Co. 
150 South ~a~ker Drive 
Chicago, Illinois 
USA 60606 

Attention: Mr. David S. Louie 

Dear Sir: 

Our Reference: 
File Number 

42040 
010-6.0 

In response to your enquiry dated October 16, 1984, I regret that we do not 
have any expertise within our organisation relevant to large reservoir operation 
since all our generation is by thermal means. 

You may wish to contact Dr. John Railton, Manager of Environmental Planning, 
TransAlta Utilities Corporation, Box 1900, Calgary, Alberta, T2P 2Ml for infor
mation on this subject since TransAlta operates several hydro reservoirs. You 
may also wish to contact B.C. Hydro in Vancouver, British Columbia, who are 
virtually all hydro powered. You may also wish to contact Quebec Hydro whose 
experiences in this connection you will no doubt have recently heard about. 

Regarding sediment levels in waters flowing from hydro reservoirs,neither the 
Alberta nor Canadian Federal Governments have definitive levels and rely on 
motherhood clauses based on possible impacts. Water quality from mine drainage 
settling impoundments are required to meet a SO mg/1 or 10 mg/ 1 above natural 
bac~~g:-ound ( whic:1ever i .; tiae grc:at..:r ) requirement for suspended so 1 ids in 
both Alberta and British Columbia. 

LMJ/pr 

Yours truly, 

I 
I 

I ' 

t:M. Johnston, P.Eng., 
Environmental Manager 



I--IAR.ZA ENGINEERING COMPANY CONSULTING ENGINEERS 

- · .. .. ~-''· 

Prof. R. Gerard, Chairmao/ 
Department of Civtl-Entfneering 
University of Alberta 
Edmonton, Alberta T6G 2G7 

Gentlemen: 

January 16, 1985 

A few montho ago, we sent to your office a letter soliciting information 
on the environmental impact cause by various ice conditions on reservoir 
and river. Also information on the operating procedures, if any, taken 
to control or minimize any adverse impact. For your convenient 
reference, a copy of the letter is enclosed. 

Presently, we are still in the process of tabulating comments offered by 
various organizations contacted. We look forward to including your 
appraisal of the impact of ice control engineering on the environment in 
order that the final analysis will cover a broad range of knowledgeable 
participants. 

Anticipating your reply, we appreciate your contribution in this effort. 

Very truly yours, 

David s. Louie 
Chief Hydraulic Engineer 

Enclosure 

DSL/111118 
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( ) ,.......... l.l1i;ities Corporation 
V \ I 10 • 1:~11 ..l .. enue S. :.V.. Box 1900, Calgary, Jl::;,ena 11;: Z.~lf 1~/e.-:: .":cna: t -~.:;::;; ::ol-7 : "•J 

19th February, 1985. 

HARZA Engineering Company, 
150 South Wacker Drive, 
Chicago, Illinois, 
60606-4176, 
u.s.A. 
Attention: David S.Louie 

Chief Htdraulic Engineer 

Dear Sir, 

Re : Ice Control - Hydro electric Plants 
Your letter January 15, 1985 

We offer the following comments on the points raised in your letter: 

1. RE: CONTROL OF ICE LEVELS IN RIVERS DOWNSTREAM OF OUR DAMS. We do 
monitor ice levels at certain points and adjust plant operations to 
a degree to try to maintain ice/water levels below critical 
elevations. This is particularly true at our Bighorn operation on 
the North Saskatchewan Ri ver where problems arise as the tee pack 
is building past sensitive reaches of the river downstream of our 
development. The ad~ustments to plant operations are to the total 
daily flowby and the variation of the flow during the day. 

2. RE: FORMATION OF ICE ON RESERVOIR BANKS. Not a problem for us, 
therefore no procedures in this regard. 

3. RE: RESERVOIR FLUCTUATION MANAGEMENT. Not a problem for us, 
therefore no procedures in this regard. 

4. RE : BANK EROSION. Gradual tee erosion rather than break-up occurs 
so this is not a problem either. 

Please advise if you have any questions on these comments- t~l: (403) 
267-3614. 

Yours truly, 

R.W. Way, P.Eng. 
Manager, Generation Scheduling. 

RWW/bp/2a .8 

S.rvlttfl Albert•n• Since ffl1f 



Province of 
British Columbia 

Ministry of 
Environment 

Dr. David s. Louie, 
Harza Engineering Company, 
150 South Wacker Drive, 
CHICAGO, Illinois 60606, 
U. S. A. 

Dear Dr. Louie: 

File: 0 322 380-F 
Nove~ber 8, 1984 

Water Managemen> Branch 
Parliament Budcllngs 
VICtona 

Bntish Columbta 
V8V 1X5 

Re: State-of-the-art in ice control. 

Thank you for your letter of October 16, 1984 
addressed to Mr. A. Murray, Assistant Deputy Minister. 

This Ministry has been involved in develop ing 
procedures to reduce ice flooding at the Town of Peace Ri ver 
(located on the Peace River in Alberta). B. C. Hydro operates 
two dams, the w. A. c. Bennett Dam and Peace Canyon Dam, at 
upstream locations. Operations of these two dams are being 
studied to minimize ice formation/ ice break-up flood damage . 
Two other agencies working on this project are B. C. Bydro and 
Ministry of Environment, Alberta. 

I understand that B. c. Hydro has already r e sponded 
to your inquiry giv ing details of this project activity. 

c.c. Mr. A. Murray 
Mr. P. M. Brady 

Yours very truly , 

H. M. Hunt, Head, 
Power & Special Projects. 



For Personal Cor1ttct 

Dial ______ _ 

Harza Engineering Company, 
150 South Wacker Drive, 
Chicago, Illinois, 
60606, U.S.A. 

Attention: Dr. David s. Louie. 

Dear Sirs: 

®RC~dro 
Box 12121 · 555 WIS. J-lagjngo; Stta1 
VanoouverB.C. V6B.off6 

Cable~ "lnrerpow" 

Telex ~54456 

9 November 1984 

Your letter of 16 October asked for information on four topics 
related to reservoir ice problems. B. C. Hydro experience is outlined 
on the attached information sheet (listed in same order as your 
topics). You may also be interested in Report G138 "Behaviour of Ice 
Covers Subject to Large Daily Flow and Level Fluctuations" by the 
Canadian Electrical Association . We would appreciate receiving a copy 
of the results of your search and survey. 

Attachment 

Yours very truly, 

W. M. Walker. 
Vice-President 
and Chief Engineer. 



®B.C. Hydro· . .... . . :. . - .. .. 

Box 12121 · 555 Wcs Hac;W~Sutn 
Vanc:X>Uvcr B.C. V6B4T6 . 

41 
f?7 

F()( Pt':'!Or.al Contac:1 

A 
RECEIVED 
NOV 131984 

Cable Ad~ ")ntapOw" 

Tela~ 54456 

Harza Engineering Company, 
150 South Wacker Drive, 
Chicago, Illinois, 
60606, U.S.A. 

Attention: Or. David S. Louie. 

Dear Sirs: 

. . .. --·· -·· -

o' •. o;: I : 

. .. . . .... . 

9 November 1984 

Your letter of 16 October asked for information on four topics 
related to reservoir ice problems. B.C. Hydro experience is outlined 
on the attached information sheet (listed in same order as your 
topics}. You may also be interested in Report Gl38 »Behaviour of Ice 
Covers Subject to large Daily Flow and level Fluctuations» by the 
Canadian Electrical Association. We would appreciate receiving a copy 
of the results of your search and survey. 

Yours very truly, 

ORIGINAL SIGN(O liY 

A OVt!YER~y 
b_W. M. Walkefl, 
·f Vice-President 

and Chief Engineer . 

BCHPA 
HE Gen Proj. f:'io!. 

. AD/ja 
\ 

Attachment 
bee: Mr. F.J. Patterson. Attn: G. Salmon 

Mr. J.C. Stevens, Attn: H.M. Etter 
Mr. W.M. Philip 



ICE CONTROL ENGINEERING 
INFORMATION REQUESTED BY HARZA ENGINEERING 

1. Procedures and Operating Policies Used in the Control of Ice Levels 

At present, winter operation procedures for the control of ice/water 
levels are required only on the Peace River downstream of B.C. 
Hydro's two hydroelectric developments: Portage Mountain and Peace 
Canyon. The upstream Portage Mountain project consists of the 
W.A.C . Bennett Dam, Williston Lake reservoir and G.M. Shrum 
generating station. The installed generation capacity is 2416 MW. 
At nonmal full pool level {el. 672 m) the reservoir surfa§e ~rea is 
1740 sq. km and the live storage is approximately 24 x 10 m with a 
drawdown of 17 m. Flow releases from the Portage Mountain project 
discharge into the Peace Canyon reservoir. The installed generation 
capacity at Peace Canyon is 700 MW, and the reservoir surface area 
is 94 sq. km. Drawdown of the Peace Canyon reservoir is usually 
less than 2 m to provide pondage for the daily or weekly re
regulation of releases from Portage Mountain. 

No special winter operation procedures for either the Portage 
Mountain or the Peace Canyon reservoirs h~ve been required for ice 
control upstream of the dams . However, downstream of the Peace 
Canyon project high river stages during the winter have been 
experienced and are the cause of concern at flood prone areas. Two 
areas where the winter flood hazard is of particular concern are at 
the Town of Peace River, Alberta, approximately 370 km downstream of 
Peace Canyon, and just upstream of Taylor, B.C. approximately 100 km 
downstream of Peace Canyon. As a result, a joint B.C.-Alberta Peace 
River Ice Task Force was formed in 1975 to monitor ice conditions 
and to recommend and co-ordinate operating procedures to minimize 
the flood hazard. 

Winter operating procedures for Peace River projects, in general, 
emphasize power operation over ice-control, e!>pecially during 
December-February when the energy demand is relatively great. 
Nevertheless, we have been, in the past, able to provide an adequate 
degree of ice-related flood control, at critical times . During 
freeze-up, when the ice front is progressing upstream through the 
river reach at the Town of Peace River, relatively high, relatively 
constant turbine discharges at Peace Canyon are maintained, subject to 
limitations imposed on B.C. Hydro's integrated system by energy 
demands, are maintained. Because of the distdnce downstream from 
the Peace Canyon project {approximately 2 days flow travel time) 
hourly load/discharge fluctuations are almost completety attenuated 
at Town of Peace River, but daily average turbine flows are kept as 
constant as possible t.o reduce ice shoves at the leading edge of the 
ice cover and thereby minimize stage increase and backwater associated 

if/ 
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with ice cover formation. Relatively constant di scharges are 
maintained from the time backwater from the advancing fee cover 
affects river stage at Town of Peace River, until the ice fror.t 
moves upstream of the area of concern. Depending on the river 
discharge and the severity of the weather, the time requi red for an 
ice cover to form on the 50 km long reach could vary from a few days 
to 2 or 3 weeks. 

During this period it is important that discharges remain relatively 
high so the ice cover is formed at a high enough stage and of 
sufficient thickness and strength to allow full flexibility of 
turbine discharge throughout the winter. Discharges should not 
exceed the formation discharge until the ice cover has had a chance 
to strengthen as a result of thermal penetration and consolidation 
of the ice blocks forming the initial cover. 

The same procedure is adopted if the ice front approaches the 
upstream flood hazard area near Taylor. Usually, the maximum 
upstream advance of the ice front is downstream of Taylor, and only 
during severe winters is the open water reach downstream of Peace 
Canyon less than 100 km in length . If the ice front does reach 
Taylor, the hourly discharge fluctuations are not completely 
attenuated at this point on the r i ver , and turbine operation may be 
varied to moderate shoving and stage increase at the leading edge of 
the ice cover. 

Prior to break-up at the Town of Peace River, turbine discharges are 
maintained relatively high to erode and weaken the ice as much ~s 
possible. Ideally, break-up of the Peace River ice at Town of Peace 
River should occur before break-up of the Smoky River, a major 
tributary which joins the Peace River just upstream of the town. 
However, the time and rate of break-up depend primarily on prevailing 
weather conditions and spring ~reshet flood peaks from downstream 
tributaries, and cannot be controlled by increased turbine discharges. 
When break-up of the Smoky River appears imminent, turbine releases 
at Peace Canyon (as permitted by system energy demands) are reduced 
to maintain peak river discharges downstream of the Smoky/Peace 
Ri ver confluence below flood hazard levels. 

2/3 Environmental Impact on Terrestrial Animals/Method of Reservoir 
Fluctuation Management 

B.C. Hydro presently takes no specific actions on its reservoirs to 
alter the state of the ice cover for wildlife safety reasons. 
Sporadic cases of deer drowning within ice-covered drawdown zones 
occur but we have no quantitative information on them. Routes for 
migratory species such as caribou do not cross any of B.C. Hydro's 
existing reservoirs . 
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4. Problems of Bank Erosion 

AO/ja 

The exist i ng practice in B.C. is to enhance and manage fisheries in 
reservoirs which have suitable bas ic characteristics and min imal 
fluctuation in water levels, e.g. run-of-river reservoirs such as 
Peace Canyon. Both B.C. Hydro and the resource agencies accept that 
reservoirs with erodible banks, large draw-down zones and high 
sediment levels have limitations for fishery management. 



Manitoba 
lnwlrCMIIMnt 8nd Woftlplece .....,..,...........,_ 

Mr. David S. Louie, 

Environmental Management 

Chie·f Hydraulic Engineer, 
Harza Engineering Company, 
Consulting Engineers, 
150 South Wacker Drive, 
Chicago, Illinois, 
U.S.A. 60606 

Dear Mr. Louie : 

P.O. Box 7 
Building 2 
1Jg Tuxedo Avenue 
Winnipeg. Manitoba, CANADA 
R3N OH6 

November 13, 1984 

In response to your letter of October 16, 1984, I can advise 
that this Department does not have experiences with ice control engineering. 
You may , however, wish to contact the following persons who may have 
information they can share with you: 

(1 ) Mr. Lynn Poyser , 
Manager, 
Environmental Services Department, 
~orporate Planning, 
k....?_i toba Hydro, 
820 Taylor Avenue, 
WINNIPE~. Manitoba. 
R3M 3Tl 

2. Gene Bossenmaier , 
Director, Resource Allocation, 
Department of Natural Resources, 
Room 200, 
1495 St. James Street, 
WINNIPEG, Manitoba. 
R3C OV8 

I am also providing you with a copy of this Department's Water 
Quality Objectives which should answer your questions regarding permissible 
levels of turbidity etcetera. 

CBO*ccb 

Attachment. 

cc : Norm Brandson, Director, 
Environmental Management Services. 

- .. --- -
/ 

.._ - ,_ '-(p .,:u ,-
Carl Orcutt, Director, 
Environmental Control Services. 



Dr. David S. Louie 
Harza Engineering Company 
150 South Wicker Drive 
Chicago, Illinois 60606 
U.S . A. 

Dear Dr. Louie : 

MANIT~BA 
DEMirrMINT 01 NATUitAlltfSOUIICES 

Water Resources Branch 
1577 Dublin Avenue 
W1nnipeg, Manitoba 

R3E 3JS 

November 27, 1984 

File: 10.5.1 
91.2 

We are one of the agencies that your letter of October 16, 1984 
to the Manitoba Department of Energy and Mines has been referred to for 
attention. 

We have no information to offer on items 3 and 4 of your l etter. 
We expect that other agencies of our department, which have also received 
a copy of your letter, might be able to provide you with that information. 

This Branch operates three major flood control works; two of them 
have a reservoir. The reservoirs are operated for flood control during the 
spring and for water supply and recreation during the other seasons. 

Portage Reservoir and Diversion: 

When not needed for flood control, the Portage Reservoir is main
tained near its full supply elevation of 869 feet. In October, the 
reservoir is drawn down to its winter level of about 853 feet. This 
takes about three weeks. The changes in water levels during the 
winter are very minimal and therefore the ice cover is quite stable. 
We are not aware of any problems with terrestrial animals. 

During the spring break up period, the flows downstream in the 
ri\'er are controlled between 2500 and 5000 cfs. If the inflow 
exceeds these figures, the remainder is put into storage or is 
diverted out of the reservoir into Lake Manitoba via the Portage 
Diversion. A flow of 5000 cfs before ice in the channel has 
cleared out can result in ice jams. Thus to prevent ice jams 
which could cause overbank flows to occur flows through the spill
way control structure are limited to 5000 c.f.s. Under open water 
conditions, the minimum channel capacity of the river in this 
reach is about 10,000 c.f.s. 

• • • • 2 



Dr. David S. Louie 2 

Shellmouth Reservoir: 

During the summer, the reservoir is operated to maintain a level 
of between 1400.0 to 1402.5 feet. From October to April, the 
reservoir is gradually drawn down to elevation 1391± 3 feet de-
pending on the estimated inflow during the spring period. The ice cover 
is stable and we are not aware of any problems with terrestrial 
animals. 

During the runoff period in the spring, most of the inflow goes 
into storage. The release downstream in the case of ordinary 
floods is not great enough to cause ice jams or flood problems. 
However, if and when the reservoir rises above the spillway crest 
discharges from the reservoir exceed the channel capacity down
stream, the extent of which will depend on the magnitude of the 
flood. 

Red River Floodway: 

The Red River Floodway is an excavated channel which diverts flood 
waters of the Red River around the City of Winnipeg. At the point 
of diversion the river bed elevation is about 728 feet. The Floodway 
Inlet elevation is 750 feet. The amount of water to be diverted is 
controlled by the Inlet Control Structure located in the river down
stream of the Floodway Inlet . During the break up period, the water 
level in the river is allowed to rise naturally to elevation 750 
feet. At this point, if the ice is moving in the river then the 
water level is raised to at least elevation 751 feet. This is to 
prevent erosion at the entrance of the Floodway Inlet. However, 
if the ice in the river is· stationary, we would delay raising the 
water level upstream of the Inlet Control Structure until the ice 
begins to move freely in the river. The objective here is to pre
vent ice flowing 1nto the Floodway which could form i ce jams at 
bridges across the Floodway and thus reduce the carrying capacity 
of the Floodway. Our experience to date has shown that as long as 
the ice is moving in the river it will not flow into the Floodway . 

In addition to the above works, we also operate numerous in channel 
water supply dams. During freeze up, we increase the outflow from all water 
supply dams until a solid ice cover forms in the river. Then the ou~flow is 
reduced as required . This action permits the water to flow freely under the 
ice cover. Increasing outflows beyond the original release rate at freeze-up 
tends to lift the ice cover which causes ice build up resulting in increased 
backwater over the rest of the winter and ice jams during break up . 

I trust that the above information will be of some assistance to 
you. I am also enclosing a brochure entitled "Flood Control" which describes 
our flood control works . 

c.c. T.E. Weber 
En.:losure 

Yours truly 

N. Mudry, P. Eng. 
Chief of Water Management 



MANITOBA HYDRO 

February 12, 1985 

Harza Engineering Company 
Consulting Engineers 
150 South Wacker Drive 
Chicago, Illinois 
60606-4176 

Attention: Dr. David s. Louie 
Chief Hydraulic Engineer 

Dear Sir: 

•OJl a t S • W I NN I ,. I(O . MAN I TOeA "l C: Z ~4 

This will reply to your letters of October 16, 1984 to Engineers 
in Manitoba Hydro requesting information on the State-of-the-Art 
in ice engineering which affects the environment. 

1. Each of our plants has associated with it a unique set of 
restrictions or operating policies. These restrictions are 
usually established by licence constraints which restrict such 
things as range of fluctuation, maximum draw down, maximum rate 
of discharge, etc. These are usually established out of concern 
for the environment, but also with recognition of a preferred 
mode of operation for power production purposes. In one 
instance these restrictions are related to the formation of 
slush ice on a lake immediate1y downstream which is travelled 
in winter by local inhabitants. 

We attempt to mitigate the effects of flooding during the initial 
creation of reservoirs and compensate for damage when this occurs. 

2. We have no regulation constraints established particularly for the 
protection of terrestrial animals. Furthermore, we are unaware 
of any significant impact that has occurred as the result of 
reservoir or river flow fluctuations. Most reservoir banks are 
gradual in slope and rates of change are slow. Because losses 
are minimal, it is our policy to compensate for such damages if 
and when they are shown to have occurred. 

3. We have no operating restrictions designed to control the width 
or pattern of crack development in reservoirs. On occasion, 
we utilized ice booms to accelerate the formation of ice covers 
where velocities are critical in the formation of natural ice 
covers. In one location special operative techniques {controlled 
velocities) are utilized during the fall freeze up period to 
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Dr. David s. Louie 
February 12, 1985 
Page 2 

enhance the orderly formation of an ice cover. The prime 
consideration is to minimize the formation of hanging darns, 
etc. in order to maximize winter discharge capacity. 

We have no knowledge of terrestrial animals being injured or 
drowning due to crack patterns created by reservoir operations. 

4. Bank erosion problems created by ice movement associated with 
development work are not considered to be particularly serious. 
Many of our northern rivers experience considerable erosion 
due to ice formation created in their natural state. Most 
bank erosion problems result from the inundation of new land 
with newly created reservoirs. In one instance this is further 
aggravated by the presence of permafrost which recedes, in time, 
after inundat~ ~n. 

We trust this information will assist you in your search for infor
mation on ice control engineering. 

Yours trul! , 

K. ~is 
Executive Engineer 
Corporate Planning 

KJF/hl 



THE NEW BRUNSWICK ELECTRIC POWER COMMISSION 

LA COMMISSION O ' tNERGIE tLECTRIQUE OU NOUVEAU-BRUNSWICK 

O,.,. ICE 0,. THI. OEHI.RAL MANAO& .. 

801R~AU DU DtR~C:T~UR·OitNDAL 

Mr. David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 

1984-10-25 

FILE: 6-000 

150 South Wacker Drive 
Chicago, Illinois 60606-4176 
USA 

Dear Mr. Louie: 

I have your letter of October 16 and have asked 

!I 15 RUE KING STREI!:T 
I"REDERICTON. N .B 

E38 4XI 

Mr. MacLoon, Assistant General Manager of Engineering and 
Operations to review our position and respond if we can be 
helpful. 

AJO/sb 

cc: Frank MacLoon 

N!.AO 

~2 
1784-1984 

Yours very truly, 

AJ.~//#'-/ 
A .'tf': ? 'CONNOR 
General Manager 



DEPARTMENT OF NATURA L RESOURCES 
P.O. Box 6000 
Fredericton, N.B. 
E3B 5Hl 

~ 
~- MINISTERE DES RESSOURCES NATURELLES .. .. 
'til. ;- ' =-.... "l. 

NEW BRUNSWICK 

NOUVEAU-BRUNSWICK 

CANAOA 

FISH AND WILDLIFE BRANCH 

25 October 1984 

Dr. David Louie 
Harza Engineering Co. 
150 South Wacker Drive 
Chicago, Ill. 
60606 - 4176 

Dear Dr. Louie: 

At the present time, the New Brunswick Department of 

Natural Resources is not involved in any ice contro l 

engineering activities. Our Province's Department of 

Environment and the New Brunswick Electric Power Commission 

are more liable to be involved in such studies and your 

request for information has been forwarded to these agencies. 

Sincerely, 

--. . 
~-- ····'....J - • J 

Jo~n Gilbert 
Fish Habitat Biologist 

/mem 



DEPARTMENT OF FISHERIES 

Dr. David S. Louie 
Harza Engineering Co. 
150 South Wacker Drive 
Chicago, Illinois 60606, 
U.S . A. 

Dear Dr. Louie: 

MINISTERE DES P£CHES 

Novembe r 5, 1984 

Reference is made to your letter dated 
October 16, 1984 in whi ch you are seeking information 
on ice control engineering which affects the e nviron
ment to contribute to your literature search on the 
Sul)Ject. 

We regret to inform you that New Brunswick 
Department of Fisheries is not involved in the above 
referred subject, therefore, no information can be 
forwarded to you. If you have not requested already , 
The National Research Counc ~ l of Canada, Ottawa, Canada, 
KlA OR6, Telephone No. (613) 993-0357, may be helpful 
in your literature search. 

MNO/mml 

Very truly yours, 

M. Nihat Ozerdem 
Director 
Technical Services 



THE NEW BRUNSWICK ELECTRIC POWER COMMISSION 

LA COMMISSION O' ENERGIE ELECTRIOUE OU NOUVEAU·IRUNSW I CK 

515 King Street 
Fredericton, N.B . 
E3B 4Xl 

1984-11-20 

Dr. David S. Louise 
Chief Hydraulic Engineer 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 
60606 , U. S. A. 

Dear Or. Louise : 

I have been asked to respond to your letter of October 16, 1984 to 
our General Manager, Mr. A.J. O'Connor regarding state-of-the-art in ice 
control engineering which affects the environment. 

I will t ry to answer each of your points as directly as I can 
although in some cases they do not directly apply to N.B. Power operation 
of our reservoirs along the Saint John , Tobique and Saint Croix Rivers . 

1. The three major hydro developments in our system are located on the 

~0 
~2 
1784-1984 

main stem of the Saint John River. Storage capacities of the head
ponds are very small and water level fluctuation in them is insignif
icant. These conditions allow for the establishment of stable solid 
ice covers over most of the length of the headponds . However peaking 
operating schemes of the plants could have some effects on the formation 
of the ice cover in areas immediately downstream of the tail races . 
In order to discourage frequent breakup during the initial freeze up 
process, discharges from the hydro plants are held constant, whenever 
possible, during this period until stable ice cover is formed. 

During break up season, efforts are made not to accelerate the breakup 
process and let the ice covers dis i ntegrate in place whenever possible. 
This will normally reouce the possibility of ice jam formation in the 
upper end of the headponds. However , if flow and weather conditions 
cause the ice covers to break prematurely ice jams could form causing 
some flooding to the extreme low lying areas in the upper reach of the 
headpond. 

The effects of the water level at the dam on the formation and releases 
of ice jams in these areas had been studied by "Acres Consulting Services 
Ltd.", of Niagara Falls, using the "ICESIM" mathematical model. Results 
of these studies has been used to formulate our operation strategy when 
an ice jam is formed in the headpond. For further information about the 
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"ICESIM" roodel you may contact Mr. S.T. Lavender of Acres; telephone 
No . (416)-354-3831. 

Analysis of ice and flow records show that the construction and the 
operation of our reservcirs system on the Saint John River has resulted 
in significant reducti on in ice related floods downstream of the hydro 
plants . It is of interest to note that since the construction of the 
Mactaquac dam in 1966, ice jams and ice related floods have b~en 
eliminated completely in the downstream reach; an area subjected to 
frequent ice jam flooding before the construction of the Mactaquac 
development. 

2. We have generally very small reservoir draw down in all of our reservoirs 
and roost of them are in areas where wild animals do not seem to travel, 
therefore we have no known problems with animal injuries or drowning as 
a result of draw down. 

3. Similar to #2 above we have no known problems with animals falling in 
cracks or openings along our reservoirs. 

4. We have some bank erosion along our reservoirs, however, sediment in 
our reservoirs and river downstream i s not identified as a problem. 
There is no known permissible degree of turbidity in the Saint John, 
Tobique or Saint Croix Ri .er systems . 

i trust this information will assist you and if you are in the area at 
freeze up or break up time any year, we would be happy to give you a tour, and 
let you see our reports that are prepared by our field observers each year. 

GM/sja 

Yours sincerely, 

THE NEW BRUNSWICK ELECTRIC POWER COMMISSION 

. ' 

" Glen McCrea 
Assistant Manager 
Plant Operations (Hydro) 



ENVIIONMENT 
NEW MUNSWICK 

lNVIIONNEMENT 
NOUVEAu-IIUNSWICIC 

Mr. David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Co. 
150 South Wacker Ave. 
Chicago, Illinois 
U.S .A ., 60606-4176 

Dear Mr . Louie 

Ncvember 23, 1984 

RE: I CE COVER REGULATI ON I N RESERVO IRS 

In your letters of October 16th to: 

Mr . H. Haswell, Director, Fish and Wildlife, Department 
of Natural Resources ; 

Mr. G.N .Hill, Coordina tor of Information, Department 
of the Env ironment; 

you requested information on procedures and operating 
policies used in the control of ice levels in rivers 
downstream and upstream of hy.droelectric power plants. 
You were interested in how ice cover changes, due to 
reservoir regulation, affects terrestial animals and 
aquatic life. 

I regret to inform you that neither of the above 
departments has any policies or regulations with 
respect to the environmental management o f ice cover 
growth and formation in reservoirs. 

The New Brunswick Electric Power Commission (NBEPC) 
operates several hydroelectric power dams in the Saint 
John River Basin. You may wish to write to the NBEPC 

CASlER POSTAL 1 P.O. lOX 6000. FREDERICTON, N.l ., CANADA Ell 5H1, TELEX: 01U6230 
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for information on their policies regarding reservoir 
regulat i on . A possible contact person is Dr . Sayed 
Ismail whose address is as follows : 

Dr. Sayed Ismail 
Systems Planning Division 
New Brunswick Electric Power Commission 
P.O. Box 2000 
Fredericton, NB 
E3B 4Xl 

Please contact me if I can be of any further assistance. 

BCB/ dcp 

Yours truly 

Brian C. Burrell 
Surface Water Section 
Water Resources Branch 



• GOVERNMENT OF NEWFOUNDLAND AND LABRADOR 
DEPARTMENT OF CULTURE. RECREATION AND YOUTH 

Wildlife Di vision 
Bui I ding 810, Plea sa nt v i lie 

P.O. Box 4750 

1984 I I 06 

Dr. David S. Louie 
Harza Engineering Co. 
ISO South Wacker Drive 
Chicago, I I I inois 
USA 60606 

Dear Dr. Louie: 

AIC 5T7 
ST. JOH:"''S 

I am afraid that we have no information to offer con c erning , 
i~. control and the environment. We certainly have had 
concerns in th is area, especially with hydroelectric develop
ments in sensitive wildlife areas. In this regard I wo uld 
suggest you contact Mr. David Keill, Manager, Environmental 
Services, Newfoundland and Labrador Hydro, Prince Phi I ip 
Building, Elizabeth Avenue, St. John's, Newfoundla n d. 
Another good contact might be John Greer, Emergency Measures 
Organization, St. John's, Newfoundland. Finally, Hugh Ba i n, 
Department of Fisheries and Oceans, White Hills, St. John's, 
Newfound land. I hope these resource people wi I I be of 
assistance to you. 

All the best, 

Joe Braz i I 
Non-Game Biologist 

JB : jc 

DIVISIONS - Cultural Affairs • Historic Resources • Parl:s • Wildlife • Community Recreation, Sport & Fitness • Youth S<rvkes 



Deer Lllle Power ConiiNIDJ U1111ted 
r .1. Ill - ._ Lib. llwh •••• • ZEI c.. 

January 29, 1985 

File D 1-1-1 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 
U.S.A. 

Dea;:- Dr. Louie: 

We hereby acknowledge your inquiry re ice control engineering which 
affects the environment. I must advise you that we have nothing to 
offer which would provide meaningful input to your study . 

Please note that our company has recently changed ownership and is 
now operating as the Deer Lake Power Company Limited. 

Yours truly, 

DEER LAKE POWER COMPANY LIMITED 

\ \;\~'-'--
(! S. Stratton 
Chief Engineer 

CSS/rw 

r...- (701) 1135-2125 Tele• 01f-4.4121 
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j\I =WFOUNOLAND AND L!\BRADOR HYDRO 

February 14, 1985 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacher Drive 
Chicago, Illinois 
60606 

Dear Dr. Louie: 

I have been asked to reply to your request for information on the environ
mental impact of various ice conditions on reservoirs and rivers . My com
ments follow the same order as the questions posed in your letter. 

1. The only ice condition that Newfoundland and Labrador Hydro 
(Hydro) attempts to control is the formation of frazil ice 
on trashracks . The formation of frazil ice is prevented by 
maintaining an ice cover on the power canal . Wind speed, 
air and water temperatures and head loss across the trash
racks are monitored, and if frazil ice formation begins, 
water velocity in the power canal is reduced by shifting 
the load from the affected unit. Reducing water velocity 
facilitates formation of an ice cover. 

2. There have be no reports of injuries or mortalities of 
large ma!IITials in Newfoundland resulting f :-om ice c\lnditions 
on reservoirs . This hazard is not considered ~ n Hydro's 
reservoir management program. 

3 . Same as ( 2 ) 

4. There are no regulations or guidelines in Newfoundland ~~hi ch 
stipulate a permissible degree of turbidity for aquatic fauna. 
There are water quality regulations governing the levels of 
suspended solids (30 ppm above ambient) and total di ssolved 
solids (1000 ppm} in water for human use. 

If you should have any questions regarding my comments , please do not hesitate 
to contact me. 

Yours truly, 

D. J . Kie 11 , ~1anager 
Environmental Services 

DJK/lb 
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De~rtment of the 
Environment 

Or. David S. Louie 
Harza Engineering Company 
Consulting Engineer 
150 South Wacker Drive 
ChicGgo, Illinois 60606-4176 

320-1 

PO Box 2107 
Halifax Nova Scotra 
83J 367 

October 31, 1984 

Re: ICE EFFECTS CONTROL ENGINEERING 

Dear Or. Louie: 

Your letter of 16 October was referred to me since I am involved 
with flood damage in this Province . Your specific questions are not answered 
very precisely for reasons that will be apparent . 

In Nova Scotia we have very few rivers that would pose a drowning 
threat to large mammals. Most of our rivers can be waded by a man by choosing 
a site within a mile of where he finds himself. These shallow rivers do not 
form smooth continuous ice covers such as you seem to have in mind. We do 
have several hydroelectric power reservoirs, but these are modified lakes, 
not drowned river valleys. Water levels are not regulated with effects on 
wildlife in mind, but only with the intent of maximum economic benefit from 
the power generation, or adequate water supplies for the users . 

In response to your questions: 

1. No attempts, that I know of, have been made to control ice 
levels to affect ice jamming or flooding. Reservoirs generally do not discharge 
ice and this, to some degree, reduces ice jams downstream. 

2. No procedures, that we know of, have been taken to protect 
large animals from ice hazards. The hazards are not perceived to be significant . 

3. No procedures are used to control cracks in reservoir ice 
that might be a hazard to animals . 

4. There is considerable bank erosion, due in part to ice movement 
and freezing and thawing. It is a concern to landowners, and a lesser concern 
to fisheries managers, in the federal Department of Fisheries and Oceans . The 
principal concern by Fisheries with turbidity is the blanketing effect of silt 
on spawning beds. Erosion of stream banks is controlled to some extent 
by placement of large quarried rocks or boulders, on stream banks . Proposals 
to bulldoze gravel bars out of mid stream in rivers are viewed with disfavour 
by Fisheries and Environment departments staff . Removal of such bars is seen 
by others as an answer to ice jam problems, since the bars apparently initiate 
ice jams. 

. . . /2 
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A call to Mr. Don Cox, of Canada Fisheries and Oceans, 
P. 0. Box 550, Halifax, N. S., BJJ 2S7, indicates they consider turbidity above 
10 mg/l may be detrimental. Effluents regulations for the mining industry 
specify not more than 25 mg/l in effluent. Hatchery experience indicates 15 mg/l 
causes some mortality among small fry. You could contact Mr. Cox or his colleague 
Mr . David Morantz for further discussion on turbidity effects on salmon and 
trout. 

A brief conversation with the Manager, Wildlife Resources in Nova 
Scotia lands and Forests Department, Mr. Arthur Patton, failed to elicit concern 
about the effects of ice on wildlife, or at least any concern about reservoir 
management and its effects on large animals . You might wish to contact Mr. 
Patton or his supervisor, Merril Prime at P. 0. Box 516, Kentville, N. S., 
B4N JXJ. 

To summarize then, it appears we do not have any practices in 
reservoir operation that are affected by environmental protection concerns. 
Even this rather negative response may be of some help to you in your project 
I suppose . 

HTD/rg 
c.c. Don Cox 

Art Patton 
R. Hand 
C. l. lin, P. Eng. 

H. . oane, P. Eng. 
Environmental Engineer 
Water resources Planning 



nova scotia power corporation 

1~84.11.12 

HARZA ENGINEERING COMPANY, 
150 South Wacker Dr., 
Chicago, Illinois 
60606, U.S.A. 

Attention: Mr. DavidS. Louie 

Gentlemen: 

I acknowledge your letter of 1984.10.16 forwarded to Mr. L.R. Comeau, 
President A Chief Executive Officer regarding a request for i nfomati on un the 
state-of-the-art in ice control engineering which affects the environment. 

The Nova Scotia Power Corporation does not have a written operating policy for 
the control of ice levels in rivers where Hydro installations exist. The 
problem has never been a serious one due mainly to the fact that we have 1 
maritime climate greatly affected by the close proximity of the North 
Atlantic. Ice covers in moving water such as canals and forebays have caused 
us very little problem. Anchor ice from spring backup does retard flow ~> one 
of our instailations but a bypass sluice permits us to dispose of this ic•~ in 
quick fashi.>n. 

Probably of more concern in Nova Scotia is a phenomenon which occurs when 
turbulant waters reach the freezing point, millions of ice needles form wtich 
are referred to as Frazil Ice. This ice has on occassin plugged intakes and 
scroll cases and has to be dislodged by maintenance crews and flushed through 
the turbines. It does shut several of our units down for short periods of 
time. To ~ knowledge no one has come up with a sure and fast solution to 
preventing 1 t. 

0095F/WAS 
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Bubblers are used to a fair extent upstream of spillways to keep areas clear 
of thick ice which might interfere with spilling or bypassing water. 

I would suggest a contact with the Canadian Electric Association who presently 
have a research project proposal under consideration enti tled "Hydro-Power 
Station Operations under Conditions of Supercooled water Supply Anchor Ice". 
A copy of the proposal is enclosed for your consideration. 

Water fluctations in reservoirs and headponds are the standard for operation 
practise and do not cause us problems. 

I can only recall one instance where a moose went through a thin cover of 
flowage ice but we managed to rescue the animal. 

Bank erosions has to be watched and rock rip rap repaired or replaced on 
occasion. This is not a serious problem nd can be classed as nonmal 
maintenance. 

I trust the enclosed comments will be of some assistance, 

Yours truly, 

L.R. Feetham, 
Manager, 
Hydro Production Department. 

LRF :hp 
C: Mr. L. R. Comeau 

C.L.F. 
File 

0095F/WAS 
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Ontario 

Ministry of 
Natural 
Resources 

1~84 II 02 

Dr. David S. Louie 
Chief Hydrou lie Engineer 
Horzo Engineering Compooy 
ISO South Wacker Drive 
Chicago, Illinois 60606-4176 
U.S.A. 

Dear Dr. Louie: 

Re: Ice Control Engineering 

This is in reply to your letter of 1984 I 0 16, addressed to Mr. W. T. Faster, 
the former Deputy Minister, in which you request information on ice 
control engineering which affects the environment. 

To our knowledge, very little information, if ooy, exists on the items listed 
in your letter. However, we ore enclosing one set of the reports prepared 
by this Ministry which describe what we in Ontario hove done in ice 
control. These ore: 

I• Ice Mooogement Manual, November 1982 (This edition is out of print 
and a second edition is being printed). 

2. Ice Management Seminar Proceedings, January 1980, London, 
Ontario. 

3. Proceedings of the Ice Jam Seminar, June 2, 1982, Queen's Pork, 
Toronto. 

The names and offi liotions of the authors or speakers listed in the T obles of 
Contents of the Iotter two reports may serve as a list of resource persons 
for further information. In addition, we suggest that you contact Mr. Tom 
Wigle, River Control Engineer, Ontario Hydro, 700 University Ave., 
Toronto, Ontario MSG I X6 for information on operating procedures for 
their hydro-power plants. 

We trust the information outlined above will be of help to you in compiling 
the literature on this importoot but little-known subject. We wish you 
success in your endeavours and would appreciate receiving a copy of your 
report when it is ovoi table. 

Should further information be required, please do not hesitate to contact 
Mr. John Ding, Head, Model Development Unit of the Conservation 
Authorities and Water Management Branch at (416) 965-1271. 

Yours truly, 

~ 
Executive Co-ordinator 
Lands and Waters 

13 



® 
Ontano 

Ministry 
of 
Energy 

October 30, 1984 

Dr. David s. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 
U.S. A. 

Dear Dr. Louie: 

Queen's Park 
Toronto. Ontano 
M7A 287 
Telex-06217880 

965- 3041 

Thank you for your letter of October 16th requesting 
information on the day-to-day operations at hydro power 
plants in the winter. These include the control of ice 
levels and the methods of minimizing the associated 
problems due to ice formation. 

Ontario Hydro operates the province's large-scale 
hydraulic plants. I have, therefore, forwarded your 
letter to Mr. J.S. Pengelly, Manager of Government 
Relations, Ontario Hydro, Hl9Al4, 700 University 
Avenue, Toronto, Ontario, Canada MSG 1X6, for response. 

The attached Micro-Hydro Power -- Energy From Ontario 
Streams explains Ontario's approval process in 
developing privately-owned smaller plants. .rut 
environmental impact review to protect our natural 
resources precedes the approval system. I '1-tave also 
enclosed a copy of the Small Hydro Workshop proceedings 
held November 30, 1993 which you may find useful. 

I hope the above is satisfactory. If you require 
further assistance, please contact me. 

Yours truly, 

Olga Carmen 
Manager, Information Services 
Communications Group 
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. ) ' l :: i >•l : ~5~li4 .. 
(416) 592-4258 

700 Uncve•scty Avenue. Toronto Ontano MSG tX6 

Mr. David S. louie 
Harza Engineering Compa~ 
l!iO SoiJt:, '41)1: ~er :lrive 
: ·1 k d:JO, Illinois 60606 
J. s. 4. 

r>~'lr r~r. Loui e : 

! • ; • . 

Thi s 1~ :: ':•! '' is i n t'•~ply to your lette r t •> ·1~ :Jti i: ~.J ~·J.) IIP. •1:>e r 13, 1984 regardin~ 
ice .:ontrol ~~l~ineerin!J . 

:.ole were forwardaJ d .:c>pj c>f j •)•Jr previous lette r to Ontario Hydro dated 
October 16, 1984 and have provided our comments to someone in the Corporation 
who will be co-ordinating a reply fro.n several other depdrt~:~ents. 

Thank -you for your interest. 

Yours truly , 

H .i~ . Stec kl ey 
: sim Manager - Civil Works 



700 Un1vers1ty Avenue. Toronto. Ontano MSG 1X6 

December 4 , 1984 

Dr. David s. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
150 South Wacker Drive 
CHICAGO, Illinois 60606 

Dear Dr. Louie: 

We are pleased to reply t:o your letter of October 16, 1984 in 
respect to ice control engineering and the related effects on 
the environment. 

In respect to questions 1 and 4, we have the following comments: 

The objective of i ce control is to maintain the capability of 
channels t o carry the prescribed releases from reservoirs. 
Ontario Hydro utilizes a number of strategies to handle ice 
conditions on a site specific basis. 

Two types of river systems are generally encountered. They are 
described as follows : 

1. The river velocity creates a situation not conducive t o 
ice cover formation either through structural or procedural 
means. 

2. River velocity creates a marginal situation for i ce cover 
formation and where structural and procedural efforts can 
cont ribute significantly to the establishment of a smooth 
stable ice cover. 

In the first case all effort is focused t oward keeping the i ce moving 
past critical intake areas. This assumes that there is infinite 
storage capability downstream where the ice can be flushed, such as 
a large deep lake that does not freeze over in the winter season. 
Excavations, channels, control works, special design int akes have 
been constructed to facilitate this. Ice breaking boats have been 
commissioned. Procedures have been established to cover: 
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1. Fundamental principles which must be applied t o c ircumstances 
as they occur in each unique combination. 

2 . Detailed procedures and step-by- step methods of handling a 
partic ular circumstance . 

Gr.eat effort is spent in programs for observing, recording and 
reporting ice conditions so that: 

1. Operational decisions are based on current data. 

2. Management can be kept up-to- date. 

3. Government agencies can be supplied with required information . 

4. Future operations may be improved. 

In the second case, all efforts (physi cal and procedural) are 
directed t owards fo rming an ice cover (eg , St. Lawrence River). 
Velociti~s are con t rolled to encourage the fo rmation of a smooth 
s table ice cover. Depending on climatic conditions, once the cover 
has formed, higher flows can be scheduled. Generally, short- term 
power needs are sacrificed in order to ensure greater l ong-term 
production. During the i ce breakup period , flows can be further 
adjusted to assist in wearing away the i ce cove r in a contro lled 
fashion. 

With respect t o problems of such erosion caused by the breakup and 
movement of i ce, little information is dvailable . While some evidence 
of earth breaking away from the shore as the i ce breaks up has been 
noticed , there is no formal documentation. 

In respect to question 2 , we do no t have major concerns with caribou 
at our facilities in Ontario. The question , however, is addressed 
in the attached paper , in parti cul ar Mr. G. Doucet and Mr . P. Lamothe 
of McGill University and Hydro Quebec respectively. Contact with 
these two gentlemen may be of value . \.Je also suggest that you contact 
Mr. David Kiell of Newfoundland and Labrador Hydro (709) 753- 8990 fe r 
additional info rmation on this subject. 

In respect to turbidity changes as result o f bank erosi on, etc, a 
rough r ule of thumb is to restrict a change of no greater than 10\ 
beyond existing conditions fo r protection of aquatic life . 
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I hope these brief comments are of some value t o yo~ in your 
literature search on ice control engineering. 

Yours truly, 

W.G. Morison 
Vice President 
Design and Construction Branch 

Attach. 
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Mr. David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
Consulting Engineers 
150 South Wacker Drive 
Chicago, Illinois 60606-4176 

Dear t·1r. Louie: 

October 31, 1984 

I wish to acknowledge with thanks your letter of October 16, 
1984 relating to a survey of state-of-the-art in ice control 
engineering. 

Please be advised that the P.E.I. Energy Corporation is 
involved in renewable energy projects and that our local 
electric utility is Maritime Electric Company Ltd., a privately 
owned electric utility, and I have listed the name and 
telephone number of the General r4anager at the bottom of this 
letter. 

As far as P.E.I. is concerned, we do not have any hydro-electric 
power developments. Ninety-five percent of our electricity 
requirements is purchased from the province of New Brunswick 
and the balance is generated i~ thermal generation using 
oil. 

Therefore, we are not in a position to comment on the questions 
raised in your letter. 

mrh 

Mr. Paul Newcombe 
General Manager 
Maritime Electric Co.Ltd. 
P.O.Box 1328 
Charlottetown, P . E.I. 
Phone: (902) 892-6531 

Sincerely yours, 

A.J.HISCOCK 
GENERAL MANAGER 

ClA 7N2 



TELEPHONE 
902-892-6531 

TELEX 
014-..... 115 

MARITIME ELECTRIC COMPANY, LIMITED 

Dr. David S. Louie 
Harza Engineering Company 

(lncorporatecl1917) 

CHAILOnETOWN 
,IlNCE EDWAlD ISLAND 

15 November, 1984 

150 South Wacker Drive 
Chicago, Illinois 60606 U.S.A. 

Dear Sir: 

Re your inquiry of 8 November, 1984, Maritime Electric does not have 
any reservoirs anJ is not ir.volved in erosion problems due to ice. 

PHN:jm 

Yours ver y truly, 

MARITIME ELECTRIC COMPANY, LIMITED 

P. H. Newcombe 
General Manager 

P.O. BOX 1328 
C1A7N2 



Gouvemement du Quebec 
Ministere du Loisir. 
de Ia Chasse et de Ia P~che 
DINC:tlon l**'llle de Ia faune 

Or. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 
60606 U.S.A. 

Dear Sir: 

November 21, 1984 

I acknowledge receipt of your letter dated the October 16 inquiring 
about information on state-of-the-art in ice control engineering 
which affects the environment. 

Although we have no information of this kind, we send your letter 
on his way to Hydro-Qu~bec and the Bay James Energy Society for 
ulterior answer. 

Here is the name and address of these contacts for your reference 
file: 

Mr. Marcel Laperle 
Soci~t~ d' Energie de la 
Ba ie James 
Direction de 1 'Ing~nierie 
et de 1 'Environnement 
800, boul. de Maisonneuve est 
Montr~al, Qu~bec, Canada 
H2L 4N8 

Mrs. Denise Therrien 
Hydro-Qu~bec 
Direction de 1 'Environnement 
Les Atriums 
870, boul. de Maisonneuve est 
Mont~al, Qu~bec, Canada 
H2L 4S8 

Yours sincerel y, 

RB/ 11 d 

c .c. M. Christian Potvin 

150 est. boul. Saint-Cyrille 
Quebec. QC G1 A 4Y1 

R~:?~~ct~n:~ 
Directeur de la faune terrestre 



Department of 
Civil Engineering 

Dr. David S. Louie 
Rarza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 
U.S.A. 

Dear David: 

UNIVERSITE LAVAL 
FACULTE DES SCIENCES ET OE GENIE 

co ·e N OJ£1l51 " .>. I'E 

OUEBEC G•• • .,, .- ,N~I': .>. 

November 27, 1984 

It is a very great pleasure for me to hea r about you and see that you 
are doing well and that you are still interested in ice problems. 

I have received your letter concerning the survey you are making on 
state-of-the-art in ice control engineering which affects the environment. 

It is extremely difficult to get information in this field. Here are 
some comments. 

1 - Hydro power operations. No firm would admit it is causing any jam 
or modifying the ice cover. Example (New Brunswick Powe r Commission - Case in 
court - flooding by ice jams in the Mattakwac reservoir - B.C. Hydro - flooding 
downstream of Peace River). 

2-3 - Environment Canada has given many contracts t o study the effects 
of the ice on animal c rossings in ship's tracks . 

4 - J.C. Dionne, one of my colleague at Laval is studying very seriously 
this question. Included is a copy of one of his recent paper to set you on the way. 

I consider this work that you are undertaking very important and I would 
apprecia t e very much ge tting a copy of your report. 

BM/dd 
Enclosure 

Yours truly, 

Bernard Michel, Dr. Eng. 

L L v tl.·j 



Or. David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
Consulting Engineers 
150, south Wacker Drive 
Chicago, I I I inois 60606 
u.s.A. 

Deer Or. Louie: 

March 19, 1985 

I apologize for the delay in answering toyour letter of January 16, 
1985 to my predecessor, Mr. J.-G. Dussault, regarding information on t he 
environmental impact cause by various ice conditions on reservoir and ri ver. 

After reviewing your questionnaire with my staff, I feel that 
proper information would be available through the experts from the Environment 
Directorate and from the Operations Group of Hydro-Quebec, and also from the 
original designers of the James Say proj ect . 

Therefore, I have forwarded your questionnaire to the aforemention
ned authority which wi I I answer directly to you . 

again. 

/jh 
c . c.: MM. 

Hydro-Quebec 

1 f 1 can be of further assistance to you, please contact with me 

M. Drouin !SEBJl 
J.C . Rassam 

D. Ther"r"ien 

Place Dupuis 

Very truly yours, 

·-J.-P. LAROEAU, ing. 
Chef de service interimaire 
Hydrau I i que 
14e etage 

855 est. rue Sainte-Catherine. Montreal. Quebec H2L 4P5 



Saskatdlewan 
EnvifOII,.Ut 

Dr. David S. louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 
U.S.A. 60606 

Dear Dr. louie: 

Saskatchewan 
Walter Scott Building 
3085 Albert Street 
Regina. Canada 
~~x S4S OBl 

File: M2-1 

October 30, 1984 

State of the Art Survey - Ice Control Engineering 

I am in receipt of your letter dated October 16, 1984, in which you 
requested information about ice control engineering and its environmental 
effects. Unfortunately, I am unable to provide you with much information 
on this topic. 

A review of the limited number of environmental impact assessments which 
have been carr ied out for reservoir development in Saskatchewan revealed 
that duration of ice cover and timing and amount of winter drawdown 
were the major concerns . These concerns related more to the fisheries 
resource than to terrestrial animals. Bank erosion was a recognized 
problem not only with ice break-up and movement in the spring, but also 
with wave action during the summer months. Some studies suggested that 
sediment levels downstream of the dam might even be reduced from that 
which naturally occurs. 

With respect to other organizations/persons that might be able to help 
you with your survey, I suggest you contact the following individuals: 

1. Ray B. Richards 
President 
Corporate Affairs 
Saskatchewan Water Corporation 
3rd Floor, 2121 Saskatchewan Drive 
Regina, Saskatchewan 
S4P 4A7 

2. G. W. Pepper 
Acting Director 
Wi ldHfe Branch 
Saskatchewan Parks and Renewable Resources 
3211 Albert Street 
Regina, Saskatchewan 
S4S SW6 



Dr. David S. Louie 

3. Paul Naftel 
Chief of Fisheries Operations 
Fisheries Branch 
Saskatchewan Parks and Renewable Resources 
3211 Albert Street 
Regina, Saskatchewan 
S4S 5W6 

4. R. J. Stedwill 
Manager, Environmental Studies 
Saskatchewan Power Corporation 
2025 Victoria Avenue 
Regina, Saskatchewan 
S4P OSl 

October 30, 1984 

I trust the above information will be of some assistance to you and I wish 
you success with your survey. 

Yours ~incerely, 

~ . ~ 
~f--c~e.:Ul--'-c. . 

H. S. Maliepaard 
Executive Director 
Environmental Information, Co-ordination and 

Assessment Service 
Phone : (306)565-6131 

2 



m 
SASKATCHEWAN POWER CORPORATION 

2025 Victoria Avenue, 
Regina, Saskatche\'lan, 
S4P OSl 
1984 November 07 . 

Or . David S. Louie, 
Harza Engineering Company, 
150 South ~-Iaker Drive, 
Chicago, Illinois . 60606 
U.S.A. 

Dear Dr. Louie: 

Re: State of the Art Survey 
- Ice Control Engineerina 

Oul ' •t-1 NO. 

E4 .1 .11 

In response to your letter of 1984 October 16 regarding ice control 
engineering, the following is provided. 

Point No. 1 

Procedures or operating policies used in control of ice upstream and 
downs~ream of hydroelectric facilities is normally facility specific; 
and ir1 the case of Saskatchewan Power Corporation operations, these 
are worked out on an annual basis with the Saskatchewan ~~ater 
Corporation. These procedures are also dependent on existing water 
conditions and forecasts. 

A contact person within the Saskatchewan Water Corporation is: 

Point No . 2 

D. Richards, 
Saskatchewan ~later Corporation, 
3rd Floor, 
2121 Saskatchewan Drive, 
Regina, Saskatchewan. 
S4P 4A7 

At this point in time, injuries or drownings of animals due to poor 
ice conditions has never been a problem to my knowledge. However, a 
principle which has been used to ensure proper ice development is to 
stabilize water levels during ice formation, and thereby reduce broken 
ice at the shoreline by creating a hinge at the shoreline in which the 
ice surface can move . 

.: I 



Dr . David S. Louie, 
Page 2, 
1984 November 07. 

Point No . 3 

The procedure outline above may be applied here as well . Additionally, 
a slow drawdown during the winter is recommended . 

Point No. 4 

In response to this particular question, I bel ieve the actual im~act 
of t urbidity in the wa:er on fish directly i s not as severe as th~ 
impact which affects the fish indirectly. Siltinqof fish rearing 
grounds and feeding areas are far more significant than direct exposure. 

Cole (1941), Van Oosten (1945), and "Wallen (1951) suggest that fish 
could be harmed in exceptionally turbid waters under very unusual 
conditions; however, Pentelow (1949) has noted that sea t rout regularly 
pass up a river through china clay with no aoparent harm. 

I~ should also be noted that scouring of river edges and increased 
turbidity is a natural ~henomenon and reservoirs urstream of dams 
do , in fact, reduce turbidi ty levels during the spring run-off as 
well as at other times of the year . 

Should you require any further elaboration on these points, feel free 
to contact this office . 

Yours truly, 

r ' t , ...,..,_ '\. • • I I l 
~,-.~ , . . . 
I . . • ~ I t • t 

R. J. Stedwi 11 , 
Manager, Environmental Studies, 
Environmental Programs. 

RJS/bjf 
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Fisheries Branch 

November 16, 1984 

Dr. David s. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 
USA 

Dear Dr. Louie: 

so 
Saskatchewan 
Box 3003 
Prince Albert, SK 
S6V 6Gl, Canada 

Your File: 
Our File: 

A copy of your letter requesting information on the 
environmental effects of fluctuating ice levels 
related to hydroelectric power production has been 
forwarded to me for response. 

Saskatchewan currently has only two major hydro
electric generating stations; a third is scheduled 
to come on stream toward the end of 1985. Although 
both the existing hydroelectric reservoirs are subject 
to winter drawdowns, we are not aware of any adverse 
environmental effects caused by fluctuating ice levels 
or formation of ice jams downstream. 

You may be able to obtain better information regarding 
the effect of these reservoirs by contacting Mr. R.W. 
Nordquist, Director of Environmental Programs, with 
Saskatchewan Power Corporation, the public utility 
which operates the hydroelectric stations. He may be 
reached at the following address: 

Mr. R.W. Nordquist 
Director, Environmental Programs 
Saskatchewan Power Corporation 
2025 Victoria Avenue 
Regina, Saskatchewan, Canada 
S4P 051 

Yours sincerely, 

a _ ~ - ; r . -L 
~vL---L-- '5----

B.L. Christensen 
Fish Habitat Protection Coordinator 

BLC:peb 



0 November 28, 1984 

Mr.David S. Louie, 
Chief Hydraulic Engineer, 
Harza Engineering Co., 
150 South Wacker Drive, 
CIUCAGO, Blinois, 60608 

Dear Mr. Louie: 

Saskatchewan 
3211 Albert Street 
Regina. Canada 
545 5W6 

Your Fi le: 
Our File: 

I am sorry that I can offer little assistance in your ice research. We have 
not done any work on ice problems on reservoirs. 

Yours sincerely, 

0 ,o 

/ 
a.w. Pepper, 
A/Director, 
Wildlife Branch 



' : · "' 0 i--i ~ :- :· Piabariea Branch 

NoveDber 16, 1984 

Dr. David s . Louie 
Harza Bnqineerinq COmpany 
150 South wacker Drive 
Chicaqo, Illinoia 60606 
USA 

Dear Dr. Louie: 

Bas 3003 
Pr i..Dce Albert, SK 
S6V 6Gl 1 e&n.d& 

A copy of your letter requeatinq information on the 
environ.ental effect• of tluctuatinq ice level• 
related to hydroelectric power production bas been 
forwarded to me for reaponee. 

Saakatchewan currently baa only two aajor hydro-• 
electric qeneratinq stations, a third ia scheduled 
to come on atreaa toward the end of 1985. Althouqh 
both the exiatinq hydroelectric reaervoira are auoject 
to winter dravdowns, we are not aware of any adverse 
en•ironmental effects caused by fluctuatin9 ice levela 
or formation of ice jaaa downstream. 

You .. y be able to obtain better inforM&tion reqardin? 
the effect of theae reaervoira by contactin9 Mr. R.W. 
Nordquist, Director of Bnvironaental Proqrama, with 
Saakatchevan Power Corporation, th• pUblic utility 
vhJ.ch operates the hydroelectric: atationa. lie may be 
reached at the follovin9 address: 

Mr. R.W. Nordquist 
Director, Enviroi'UIIental Proqra~~s 
Saskatchewan Power Corporation 
2025 Victoria Avenue 
Reqi..Da, Saaka~chevan, Canada 
S4P OSl 

Yours sincerely, 

L~_._._:s 
&.L. Chrie~enaen 
Fish Habi~a~ Protection Coordinator 

BLCapeD 
b.c.c. P.C. Naftel 

so 



@ 
Saskatchewan 

Saskatchewan 
Parks aNt 
Renewable 
Resources 

January 29, 1985 

Mr . David S. Louie , 
Chief Hydraulic Engineer, 
Harza Engineering Company, 
150 South Wacker Drive, 
Chicago , Illinois, 
60ti06 . 

Dear Mr. Louie: 

This is in response t o your 
letter requesting information 
ice levels . 

3211 Albert Street 
Regina. Canada 
S4S SW6 

Your File: 
Our File: 

January 16, 1985 
on fluc tuat ing 

Attached for your information is our earlier 
reply to you on this subject. As not ed therein, 
further information can be obtained from Mr. 
R . w. Nordquist of the Saskatchewan Power Corpora
tion. 

Future correspondence should be directed to Mr. 
Nordquist. 

Yours truly , 

P. C . Naftel , Director, 
Fisheries Branch. 

Att. 



I+ National Research Counc 11 Consetl nauonal de recherches 
Canada Canada 

DIVISIOn of Bulfdtng 
Research 

Onawa Canada 
K'A OR6 

Mr. Davids. Louie 
Chief Hydraulic Engineer 
Harza Engineering Co. 

OIVISIOr des recherches en 
baltment 

150 South Wacker Drive 
Chicago, Illinois, 60606-4176 
u.s.A. 
Dear Mr. Louie: 

M43- 3-212 

84 11 01 

Your letter to Dr. E.P. Cockshutt, Director, Division of Energy of 
the National Research Council of Canada, requesting information concerning 
ice control engineering, has been brought to my attention for reply . The 
organizations with the greatest practical experience in this area are t he 
provincial power utilities. Following are the addresses of the principal 
ones that have extensive experience with respect to ice control, and names >f 
individuals that you might contact. 

1. Mr. J-G. Dusseault 
Chef de service hydraulique 
Hydro Quebec 
855 Ste Catherine East 
Montreal (Quebec), H2L 4P7 

2. Mr. Steckley 
Manager , Civil Works, AS H4 
Ontario Hydro 
700 University Avenue 
Toronto, On t ario, MSG lZS 

3. Mr. Peter M. Abel 
Reservoir & Energy Resources Engineer 
Manitoba Hydro 
P.O. Box 815 
Winnipeg, Manitoba, R3C 2P4 

4. Mr. U. Sporns 
Hydrologist 
B. C. Hydro, 
c/o 970 Burrard Street 
Vancouver, B.C., V6Z 1Y3 

Canada 
... 2/ 



-2-

Some university professors t.ave extensive experience in this area and 
I suggest that you contact the foll~ing: 

1. Prof. B. Micn~l 
Faculte des Sciences 
Universite Laval 
Quebec (Quebec), GlK 7P4 

2. Prof. R. Gerard (Chairman) 
Department of Civil Engineering 
University of Alberta 
Edmonton, Alberta, T6G 2G7 

3. Prof. K. Davar 
Dept. of Civil Engineering 
University of New Brunswick 
P.O. Box 4400 
Fredericton, N.B., E3B 5A3 

Several Canadian companies have extensive experience in ice control 
engineering. Following are some that you may wish to contact. 

1. Mr. C. H. Atkinson, 
Manager, Environmental & Special Studies 
Acres Consulting Services Ltd. 
5259 Dorchester Road 
Niagara Falls, Ontario, L2E 6Wl, 

2. Mr. F.E. Parkinson 
LaSalle Hydraulic Laboratory Ltd., 
0250 St. Patrick Street, 
LaSalle (Quebec), HBR 1R8 

3. Mr. A.E. Richard, Pre~ident 
Montreal Engineering Co. Ltd. 
P.O. Box 6086, Station "A" 
Montreal (Quebec), H3C 3Z9 

4. Mr. R.J. Cooper, President 
Northwest Hydraulic Consultants 
4823-99 Street 
Edmonton, Alberta, T6E 4Yl 

5. Mr. K.M. Adam 
Interdisciplinary Engineering Co. 
966 Waverley Street 
Winnipeg, Manitoba, R3C 2Zl 

.. .. 3/ 
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Some work on the formation of ice on lakes and rivers has be~n 
carried out at the National Water Research Institute of the Federal 
Department of the Environment. You can check on the current situation by 
writing or calling Dr. G. Tsang, Hydraulics Laboratory, National Water 
Research Institute, P.O. Box 5050, Burlington, Ontario, L7R 4A6. The 
telephone number for the Institute is 416-637-4303. I suggest you write to 
Mr. Charles Lawrie, Canadian Coast Guard, 6th Floor, Tower "A", Place de 
Ville, Ottawa, Ontario, KIA ON7 for information with respect to ice control 
for power generation on the St. Lawrence River. 

LWG/EB 

I hope the above information will be of assistance to you. 

Yours sincerely, 

/ I 

L.W. Gold 
Associate Director 

84-00-1100 



•• Energy. Mtnes and 
Resources Canada 

Onawa. Ontano 
K 1AOE4 

November 6, 19B4 

t nergte. Mtnes et 
Ressources Canadi:i 

Ottawa (Ontano) 
K1A OF.J 

Dr. David s. Louie, 
Chief Hydraulic Engineer, 
Harza Engineering Company, 
150 South Wacker Drive, 
Chicago, Illinois 60606, 
U.S.A. 

Dear Dr. Louie: 

. · ·~ '- .• ~· .. ·-" · CN 3605-1 

This is in reply to your letter of October 16, 1984, 
addressed to my predecessor, Mr. A.R. Scott. 

It was my intention to refer you to the Inland Waters 
Directorate of Environment Canada, among others, but I understand 
you have already made enquiries in that direction and that they 
have suggested that you also contact a number of Canadian electric 
utilities. 

In addition to these contacts, I suggest that you write to: 

Dr. E. Ezer, 
Director, 
Research and Development, 
Canadian Electrical Association, 
Suite 580 , 
1 Westmount Square, 
Montreal, P.Q. 
H3Z 2P9 

Or. Ezer will be able to provide you with R&D related references 
in connection to the above field. 

Canada 

Yours sincerely, 

Charles Marriott, 
Director General, 
Electrical Energy Branch. 



I+ The St. Lawrence Seaway 
Transport Canada 

La Voie maritime du Saint-Laurent 
Transports Canada 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 U.S.A. 

Dear Sir: 

P. O. Box 97 
St. Lambert , Ouebec 
J4P 3N7 

File: 7-1-1-3-
November 7, 1984. 

This letter is written in response to your literature search 
on ice control engineering and its environmental effects , 
which request was addressed to our Chief Engineer. 

The ice control measures we exercise within our system are 
innocuous to the environment, and moreover are not put into 
effect as a consequence of environmental dictates but rathe r 
to facilitate the flow of shipping. 

(·1 

Water levels, hence ice levels are essentially controlled by 
the IJC and the provinces of Ontario and Quebec. These 
entities have a broader perspective relevant to the 
environmentally orientated questions you have raised. Our 
interests as a maritime agency are conveyed to the IJC through 
various committees and boards in the person of Mr. C.J.R. 
Lawrie, P. Eng. who is with the Canadian Coast Guard in 
Ottawa. His address is: 

Aids & Waterways Coast Guard, 
Tower A, Transport Canada Building , 
320 Queen St., 
Ottawa, Ontario, KlR 5A3. 

The effects of ice jams on power generation and water levels 
in the upper reaches of the Seaway are very well addressed b y 
Mr. David Witherspoon, P. Eng. Mr. D. Witherspoon's address 
is: 

Great Lakes - St. Lawrence Study 
Environment Canada, Suite 235, 
111 Water Stre et East, 
Cornwall , Ontario , K6H 652. 

Can ad~ 

Office , 

. . . I 2 



File: 7-1-1-3 
November 8, 1984. 

Reservoir sedimentation resulting from bank erosion is not a 
problem in our system mainly because the two major generating 
stations are essentially run of the river types. 

In regards to the references about animal and aquatic life, 
Hydro Quebec may be helpful. The person to contact is: 

M. Roger Larivi~re, ing., MSc, 
Administrateur d'ingenierie, 
Avant projet archipel, 
Direction equipement de production, 
Place Dupuis, lle etage, 
855 rue Ste-Catherine est, 
Montreal, H2L 4PS. 

We hope this letter will provide some guidance for you, and 
should your client allow the dissemination of your findings we 
would like to share them with you . 

Yours truly, 

THE ST. LAWRENCE SEAWAY AUTHORITY 

/ ,. / 

E. Dumalo, P. Eng. 
Engineering Services Branch 

ED/cr 

c.c. Mr. M.A. Hanson - Cornwall 



INTERNATIONAL 

JOINT COM~IISSION 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 USA 

Dear Dr. Louie: 

November 1, 1984 

COM .\HSSION MIXTE 
INTERNATIONAL[ 

ltlii. IU F \II· rC -\11-1 'I RI-Fr 

0 1 fA\\A. (l,I .·\RIO 

h. II' 5~1 1 

In reply to your letter of October 16 concerning your 
state-of-the-art survey in ice control engineering which 
affects the environment, I suggest contacting the following 
individuals: 

1. Mr. Doug Cuthbert and Mr. G. Tsang 
Canada Center f o r Inland Waters 
Environment Canada 
P.O. Box 5050 
867 Lakeshore Road 
Burlington, Ontario, L7R 4A6 
( 416) 637-4531 

2. Mr. David Witherspoo n 
Great Lakes-St. Lawrence Study Office 
Environment Canada 
Suite 235, New Federal Building 
111 Water Street East 
Cornwall, Ontario K6H 6S2 
(613) 932-4325 

3. Mr. Derek Foulds 
R.R. #4 
Uxbridge, Ontario LOC lKO 
(416) 852-6416 

4. Mr. Tom Wigle 
Ontario Hydro 
700 University Avenue 
Toronto, Ontario MSG 1X6 
(416) 592-4475 

I . .._ 



- 2 -

5. Mr . Rene Hausser 
LaSalle Hydraulic Laboratory 
0250 St. Patrick Street 
LaSalle, Quebec 
(514) 366-2970 

6. Dr. R. W. Newbury 
Department of Fisheries and Oceans 
Freshwater Institute 
501 University Cres cent 
Winnipeg, Manitoba R3T 2N6 
(204) 269- 7379 

As you can see I have res tricted my list to Canadian 
names, as I assume you are or will be informed of U.S . experts. 

I would appreciate seeing the results of your work, if 
that is possible. 

Sincerely, 

Dr. Murray Clamen , P . Eng. 
Engineering Adviser 
International Joint Commission 
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Envtronrrent 
Canada 

Enwonnerrent 
~ :.: ' . : IS.· I t~ I 

National Water Research Institute 
Canada Centre for Inland Waters 
867 Lakeshore Road, 
P.O. Box 5050 
Burlington, Ontario 
L7R 4A6 
CANADA 

October 29, 1984 

Dr. David S. Louie 
Chief Hydraulic Engineer 
HARZA Engineering Company 
Consulting Engineers 
150 South Wacker Drive 
Chicago, IL 60606-4176 
U.S.A. 

Dear Dr. Louie: 

1202-2 (1632a) 

Your letter of October 16, 1984, has been brought to my attention. 

The Hydraulics Division, National Water Research Institute , has been 
conducting research on the mechanics of ice jams for a number of 
years. Dr. Spyros Beltaos is the primary researcher in this area 
and I am enc 1 osi ng severa 1 of his reports on ice j am theory which 
you may find useful. 

Because of the compl exity of the phenomenon, a complete 
understanding of ice jam behaviour is still not available. 
Therefore, many of the operation a 1 procedures at dams and hydro 
power plants are sti 11 based on operators' experience. The 
engineers at Ontado Hydro and Hydro-Quebec may be able to provide 
you with some of this operating information. They may also be able 
to help you with information concerning animal control. 

I am -forwarding a copy of your letter to the Department of Fisheries 
and Oceans here at the Centre. Their scientists may be able to 
provide you with information concerning the effects of turbidity on 
various species of fish. 

Please do not hesitate to contact us if you wish further information. 

Yours sincerely, 

\w\~~ 
T. Milne Dick, Chief 
Hydraulics Division 

Encl . 

cc: Dr. P.V. Hodson, DFO 

Can ad~ 
A - h 00 .,.,_..,.,., 
,., ___ _ .,._.......,_ 
-lk';CINS 



•• Enwonmenl 
Canada 

Enwonnement 
Canada 

Enwonmental Conserva11on de 
ConservattOn l enwonnement 

Water Planning and Management Branch 
Ottawa, Ontario 
KlA OE7 

November 13, 1984 

Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 
U.S .A. 

Attention: Or. David S. Louie 

Dear Sir: 

........ _, . 

.·. . · .... ·~· ·-· - 3668- 1 

This is in response to your enquiry of October 16, seeking information 
on ice control engineering which affects the environment. Comments 
are offered in a numbered sequence corresponding to the points raised 
in your letter. 

1. Private and public utilities would be useful sources to investigate 
for information of th is type . We are not aware of any specific 
"envi ronmental water releases" that cause ice problems and 
therefore require appropriate operating policies. However there 
are certa inly control dams and power plants in this country which 
have operating procedures designed to discourage the formation of 
ice jams and minimize fl ooding. For example, generating flows 
through power plants on the St. Lawrence River, at times of ice 
formation, take into account the need to establish, as quickly as 
possible, a firm and smooth ~ce cover that will permit winter 
discharges sufficient to regulate the leve1 of Lake Ontario as 
prescribed by the International Joint Commi ssion. Hydro Quebec, 
Ontario Hydro and the New York State Power Authority would be the 
agencies to contact for information on this practice . It is also 
believed that the New Brunswick Electric Power Commission has well 
defined operati ng policies on some plants related to control uf ice 
conditions. 

2. Again we can suggest orovincial and private power utilities and 
other commissions and corporations, particularly those in the 
northern areas such as the Northwest Territories and the Yukon. 
The Canadian Electrical Association, of which most utilities are 
members, may also be a useful source. Provincial energy and 
environmental agencies should be able to provide information too. 

3. The only sources we can suggest for information on thi s subject, 
aside from power utilities, are the authors of "The Western 
Reservoir and Stream Habitat Improvement Handbook" in Fort Co 11 ins, 
Colorado. 

/C 

Canada 
A - h t1l ..,_....., "',.,..,.,. ., -,...,.,.,... .,._..,_.. ,. 
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4. A suggested source for information on bank erosion is Volume 41, 
Number 4, Canadian Journal of Fisheries and Aquatic Services . The 
authors - Ne~burg , Hecky and others - could be contacted personally 
at the Fresh~ater Institute in Winnipeg, Manitoba . Another person 
to contact would be Or. R. Baxter at the National Water Research 
Institute in Burlin9ton, Ontario. Po~er agencies may also have 
information on the subject. 

Permissible levels of turbidity are difficult t o define and vary in 
this country from province to province. They can either be absolute or 
defined as a permissible degree of change. Usually they are given for 
drinking water standards and seldom for aquatic life. The province of 
Manitoba, however, has attempted stream classifications applicable to 
fish, i.e.: 

Class 2A - warm and cold water sport and commercial fish 
- limit = 10 JTU 

Class 2B - ~arm and cold water sport and corrmercial fish 
- 1 imit = 25 JTU 

Class 2C - rough fish - 1 imi t = 25 JTU 

The province of Ontario, for instance does not permit Secchi disc 
readings to change by more than 10%. Alberta's objectives suggest 
changes be less than 25 JTU's over natural turbidity. Saskatche~an 
also suggests less than 25 JTU ' s over natural. 

The problem of erosion is much more complex than just turbidity; for 
example, the raising of South Indian Lake in Manitoba elevated natural 
mercury levels. The nature or cause of the turbidity is also 
important. Large col loidal particles causing the turbidity may also 
cause an abrasive effect on fish gills, etc . 

For specific limits for particular fish, it is best to contact 
provincial environmental departments and federal and provincial 
fisheries agencies. 

Hopefully some of the above information may be of help to you. 
Addresses for the agencies referred to are attached, as ~ell as some 
reference material . 

Yours sincerely, 

J . Bathurst 
Chief 
Engineering and Development Division 

Attachment 



I+ Government 
of Canada 

FISheries 
and Oceans 

Gouvemement 
duCanada 

PAches 
etOceans 

December 4, 1984 

Dr. David S. Louie 
Ha rza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 
U.S.A. 

Dear Dr. Louie: 

Ovrhle _ ,-....:. 

Please find enclosed several reprints of recent articles dealing 
with the erosion of permafrost shorelines in large northern 
reservoirs. We are not directly involved in river ice studies 
at the Institute but have some peripheral involvement with 
litigation arising from drownings of fishermen caused by rapid 
fluctuations in reservoirs and tailraces and subsequent 
deterioration of competent ice covers. If you wish to pursue 
these claims you could contact Mr. Joe Keeper, Northern Flood 
Committee, 310-260 St. Mary Avenue, Winnipeg, Manitoba R3C OM6. 

Please write if you require further information. 

Yours truly, 

' ' 

R. W. Newbury 
Hydrologic Studies 

RWN/sr 
Encl. 

l . 

cc: Dr. R.E. Hecky 
Project Leader 
Aquatic Ecosystems 
Freshwater Institute 

C. L. Dominy 
Fish Habitat Management Branch 
Ottawa 

Freshwater Institute 
501 University Crescent 
Winnipeg, Manitoba 
A3T 2N6 
(204) 949-5000 

lnstitut des eaux douces 
501 University Crescent 
Winnipeg (Mamtoba) 
A3T 2N6 
(204) 949-5000 

J/0 



I+ Enwonment 
Canada 

Enwonnement 
Canada 

Enwonmental Conservat1on oe 
Conservat1on 1 enwonnement 

December 4, 1984 

Mr. David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606-4176 
U.S.A. 

Dear Mr. Louie: 

I wish to acknowledge your letter of October 16 in which you request 
information about ice coutrol engineering that affects the environmen:. 
I apologize for the delay in responding to your inquiry. 

I do not know specifically any persons who could be helpf ul to you, 
but I suggest that the following people might be helpful. 

1. For information on wate r levels and control: 

J.E. Slater 
Director 
Water Resources Branch 
Inland Waters Directorate 
Environment Canada 
Ottawa, Ontario 
KlA OE7 

2. Environmental impact on terrestrial animals due to the formation 
of ice on reservoir banks: 

Can ad~ 

Dr. V. Geist 
Professor of Environmental Management 
University of Calgary 
2500 University Drive, N.W. 
Calgary, Alberta 
T2N lN4 

~ .. I I• . , l .d 1'.11 1 .... 
l I 'll ll ' ll lllo d 

... /2 
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3. Effect of turbidity on fi sh: 

Yours sincerely, 

A. W. Rathwe 11 
Head 
Communications Section 
Canadian Wildl ife Servi ce 
Ottawa, Ontario 
KIA OE7 

Dr. N.J. Campbell 
Director 
Marine Sciences and Information 

Directorate 
Department of Fisheries and Oceans 
Ottawa, Ontario 
KlA OE6 



I+ Environment 
Canada 

En vi ron mental 
Management 

Environnement 
Canada 

Gestion 
de l'environnement 

Mr. David S. Louis, 
Chief Hydraulic Engineer, 
Harza Engineering Ccmpany, 
150 South Wacker Drive, 
Chicago, Illinois, 60605. 

Dear Mr. Louis: 

Suite 235, Lionel Chevrier Bldg. , 
111 Water Street, East, 
Cornwall, Ontario, K6H 6S2, 
10 Decerri:>er 1S84. 

In reply to your enquiry of 20 November 1984 concerning state-of-the- art 
ice control engineering \..tlich affects the envirorment, I would suggest you 
contact 

EM5-1004 

Mr. T. Wigle, 
River Control Engineer, 
Ontario Hydro, 
700 University Avenue, AS HS, 
Toronto, Ontario, M5G 1X6. 

Quebec Hydro, 
75 West Dorchester Blvd., 
Montreal, P.Q., H2Z 1A4. 

Yours sincerely, 

J. R. Robinscn, 
A/Engineer-in-Charge, 
Great Lakes-St. Lawrence 

Study Office 



•• Enwonment 
Canada 

Envwonnement 
Canada 

Envaronmental Conservataon de 
Conservataon renwonnement 

Water Planning and Management Branch 
Ottawa. Ontario 
KlA OE7 

December 4, 1984 

Harza Engineering Company 
150 Sound Wacker Drive 
Chicago, Illinois 60606 
U. S.A. 

Attention: Or. David S. Louie 

Dear Sir: 

This is in response to your letter of November B, requesting 
information on ice control engineering wh ich affects the 
environment. 

Mr. J. Bathurst, Chi ef of Engineering and Development Divis i on 
which is a component of this Branch, has already replied to your 
enquiry under date of November 13. I cannot add anything to the 
information he has already supplied. 

Yours sincerely, 

I 

\ ,. 
I •, 

I 

I . . I I. 
I'·. • I ' ~-- ' . -..... \ \ 

.~ '-'-'""''- . 
R.L. Pentland 
Director 

Can ad~ 
.. .-.. -,.,_,._ 
-~ .... 

_._ .. de...__ de,._ __ _ .. __ ... --



•• Canadian 
Coast Guard 

Garde c6tiere 
canadienne 

Otta wa , Onta rio 
KlA 0N7 

.MAR 13 1985 

Dr. David s. Louie, 
Harza Engineering Company, 
150 South Wacker Drive, 
Chicago, Illinois 60606 

Dear Sir: 

Thank yo u f o r your letter o f 16 January 1985 
c o nc erning your survey o n the state-o f - t he-art in ice 
contro l engineering as it affects the enviro nment o f 
reservoirs and rivers, and o perating procedures taken t o 
minimize any adverse impact. 

The Canadian Coast Guard has traditio nally 
undertaken ice breaking operatio ns in the St . Lawrence 
River below Mo n treal, partly t o keep the navigation 
channel t o Montreal open, but mainly for the control o f 
flooding. Before the commencement o f this service, 
fl ood i ng and shore property damage was a serious problem 
in the reach between Mo ntreal ana Quebec City. Flooding 
would occur during the winter and spring due t o the 
f o rmatio n o f ice jams caused by collapse o f the river 
ice cover, and the blo ckage of the river by i ce during 
the spring freshet. To day, the reac h between Quebec and 
Trois-Rivi~res is kept open with ice breaker assistance 
throughout the winter. From Tro is-Rivi~res t o Mo ntreal, 
ho wever, the situat ion is mo r e comple x and additio nal 
i c e contro l works are employed to c ontro l the i c e 
pro blem. 

. .. / 2 
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Between Trois-Rivi~res and Mo ntreal it has been 
necessary to install floating ice booms and permanent 
ice control islands at several locations, to aid in the 
formation and stability of the ice cover. Ice booms 
have been installed annually at Lavaltrie since 1969 and 
at l'Ile St-Ours (Lanoraie) since 1971. These booms 
have proven to be very effe~tive in fostering the 
formation of an early cover and retaining the cover so 
that the incidence of large ice sheets breaking loose 
and blocking the channel is now rare. 

In addition to the ice booms described above, 
seven artificial ice control islands have been construc 
ted in La~ St-Pierre , since 1967. The purpose of these 
islands is to assist the formation of an ice cover on 
the lake and retain it to the north and s ou th of the 
navigation channel which runs through the lake . The 
islands , which are about 140 ft . x 140 ft . on the 
surface , are constructed of material dredged from the 
river channel and are covered wi th stone rip-rap. 

Further brief descriptions of the ice breaki~g 
operations and the composition and operation of the ice 
booms and artificial islands described above, ar~ 
contained in the attached papers, namely "Ice Control 
Measures on the St. Lawrence River", 1972 and excerpts 
from "Le Controle des Glaces dans le secteur de 
Montr~al ~Notre- Dame de Portneuf de 1966 ~ 1973" , 
1973. The latter is an internal report prepared in 
French only. 

Since 1975 Coast Guard has also provided ice 
breaking services in the mouths of eight or nine 
tributaries of the St . Lawrence River below Montreal 
during spring freshet. The purpose of this work, which 
is done by a small air cushion vehicle, is to assist in 
the efficient flushing of the river systems, thereby 
avoiding jamming and flooding. Although ice breaking o f 
this nature is, speaking, the responsibility of the 
provincial government, and is o utside mandate of the 
federal government, the service is provided gratuitously 
to the Province whenever the ACV can be made available . 

Since 1972, the Coast Guard's air cushion 
vehicle fleet on the West Coast has provided occasional 
ice breaking in the lower Fraser River at Vancouver. 
Ice formation in that system is infrequent, and ice 
greater than 2 to 3 inches in thickness f o rms only 
during sever winters. 

. • . / 3 
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Coast Guard also provides ice breaking servic es 
in the Great Lakes and their connecting channels, in 
S~poort of commercial shipping. The service, which has 
been q~ing on since the early 1960s, is aimed at keeping 
shipping lanes open towards the end of the navigation 
season and t ~ ~~ening them as early as possible in the 
spring. Most ot ~ ~~ icebreaking activity has occurred 
at Lakehead Harbour ' Thunder Bay), Midland, (Georgian 
Bay) and the Detroit an d St. Clair Rivers. 

In addition to the above-mentioned Coast Guard 
ice control measures on the St. Lawrence River, several 
power entities also undertake control of ice cover 
formation and stabilization in connect ion with major 
power installations on the river. Qu~bec Hydro have 
operated ice booms and controled current velocities to 
maintain a stable ice cover upstream of their 
Beauharnois generating station above Montreal, since 

· 1949-50. Likewise, since 1959 Ontario Hydro and the New 
York Power Authority have jointly operated several ice 
booms above the Saunders-Moses generating plant at 
Cornwall t o form and stabilize the ice cover above the 
dam. The latter two power authorities have also jointly 
operated an ice boom across the entrance to the Niagara 
River each winter since 1946-65. The main purpose of 
this boom is to restrict the entry of floes of lake ice 
into the river, in order to reduce the serious losses to 
the hydro-power generating stations on the river which 
occurred frequently before installation of the boom. 

Should you wish to contact the above-mentioned 
power entities to obtain further information o n their 
ice control engineering, you may write to the following 
addresses: 

Mr. F. Santerre 
Head, Resources and Load Division, 
Quebec Hydro - Electric Commission, 
75 Dorchester Boulevard, West, 
Montr~al, Qu~bec, 
H2Z 1A4 

Mr. T.E. Wigle, 
River Control Eng i neer, 
Ontario Hydro, 
700 University Avenue H7-A22, 
Toronto, On tario 
M5G 1X6 

... I 4 
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Mr. J. Bartholemew, 
New York Power Authority, 
P.O. Box 700, 
Massena, N.Y. 13662 

The foregoing is a brief summary of the nature 
and extent of the Canadian Coast Guard's main involve
ment in ice control measures which have an effect on the 
environment. Certain of these measures have as one of 
their goals, the amelioration of the adverse effects of 
flooding in river systems used as principal commercial 
shipping routes. Most of the measures are undertaken to 
control ice for commercial shipping, either by helping 
to form and hold a stable ice cover to keep ice sheets 
out of the main channels, or by breaking channels 
through the ice to allow ships to pass. Although I feel 
this type of ice control exercised by the Canadian Coast 
Guard is not of the nature of ice control "engineering" 
in which you are particularly interested, I have 
provided this overview for your understanding of our 
involvement in the matter. The ice control measures 
exercised by the above-named power entities may be of 
more interest to you in this regard. 

If you feel this office can be of any further 
assistance to you on this matter, please write again, 
and we will endeavour to provide answers to your 
specific questions, or direct your inquiries to the 
appropriate branch for response. 

C.J.R. Lawrie 

Encl. 

I o 7.---



I}{]£IK!8£ Cl [!~ SUSITNA JOINT VENTURE 

PHONE LOG 

PERSONCONTACTED ___ B_o_b ___ C_o_r_n_e_l_i_u_s ________________________ ___ 

AFFILIATION Acting Chief Ranger 

TASK NUM.JER 
L 

DATE 

HARZA-EBASCO REPRESENTATIVE 
Bob Lindsay PHONENUMBER ()O)) 6l.ol - 2 D 7 

COPIES TO Chuck Elliott, Randy Fairbanks, Gene Gemperline 

SUBJECT Loss of elk/mule deer on the Blue t1esa Reservoir 

NOTES ____ M_r_. __ c_o_r_n_e_l~t-· u~s~i~n~d~i_c_a_t_e_d __ ~th~a~t~g~e~n~e~r~a~l~l~y~·~lo~s~s~e~s~o~f~h~t~· g~g~a~m~e~o~f~t~h~e~r~e~s~e~r~v~o~i~r __ ___ 

are restricted to a few lone animals. Ahout 1978 there was a mass drovnino 

of about 60 elk. There was no indication of the exact time of the break tt· rough 

of the herd as they were found under sheets of ice as the re~ervoir was he ing 

drawn down. He ~entioned that some ice thinning occurs along tl·~ reservoir 

margins as a result of drawdown. The herd was found very near sr0re . 7hP.re 

was another mass drowning several years ago but Mr. Cornelit!S was not sure a« 

to when and had no details. Another problem they encounter is animals getting 

out on the ice, falling down and being unable to 2et up. They haye actually 

had to stage a few rescues where they would go out and drai the animal h ack 

to shore . They have no idea whv the 60 e lk went out onto the ice in 1978 

There was a special hunt going on at the time and although they had closed hunting 

in a buffer zone around the reservoir, several violations were recorded. There 

was also a great number of people taking pictures of the herd dl!ring this severe 

winter (1978) . Either one of these situations could have spooked the l ead cow 

onto the reservoir ice . 



1}:{)&00~£o§(MLt.\~ SUSITNA JOINT VENTURE 

PHONE LOG 

PERSONCONTACTEO ___ B~o~b~~C~o~r~n~e~l~i~u~s~------------------------- TASK NUMBER 

AFFILIATION Act i ng Chief Ranger DATE f.el-r11ary 6 , JQE\ 5 

HARZA·EBASCO REPRESENTATIVE E.J . Gemperline 
PHONE NUMBER 

COPIES TO 

SUBJECT 

B. Lindsay, R. Fairbanks, C. Elliott, n.S. Louie, Files 

Loos of elk/mule deer on the Blue Mesa Reservoir 

307 - nul - 2337 

NOTES I cal led Mr. Cornelius to follow-up on a conversation of his with Bob ~indsay 

(copy attached). 

Mr. Cornelius indicated that when the Blue ~lesa Reservo i r fre Pzes 0ve r, it freeze~ 

first at the upstream end and proceeds downstream . There are a l o t of shallow 

areas at the upstream end. In sooe years t he reservoir does n ' t complet~'v r rc~ z• 

over. Freeze-up normally begins in mid to late Decenher and is co~plet~ ~v 

mld January. This year a recent cold spell caused fr eeze-up l a ter than nQr ma l. 

The ice thickness is normally 30 to 36 inches and , in the year that the e l!· 

were drowned it was particularly cold. Howeve r. he d i d not know ice th icl:ness 

that ear. 

He confirmed that year t ;1e animals were under a lot of stress. There had he el" 

a lot of snow and a feeding program had been instituted. The elk had uppa rantly 

crossed the reservoir from the north side and travell ed a mil e o r more to t ~e 

south shore where it appears they fell through the ice. t-1r. CcH·ne l ius ~pecu la tec1 

that the elk may have fallen through near the edge of the res e rvoir where the 

cracks resul ting from drawdown occur. 

The drowned elk were found above the vater level in the sprin~ . ~t a ppea r s 

they had been hidden from view by 20 inch ice. It is not known how or whv ~n 

elk all perished. Hr. Cornelius is send i ng us an i nc i dent r e port and some i n for -

mation on Blue Mesa. 



I}{)£I~~£ 0 ~00£~ SUSITNA JOINT VENTURE 

PHONE LOG 

Bob Cornelius 
PEASONCONTACTEO -----------------------------------------

Page 2 

TASK NUMBER 
42 

AFFI L IATION Acting Chief Ranger 
DATE February 6 , 1085 

HARZA-EBASCO REPRESENTATIVE E 'J' Gemperline PHONE NUMBER (307) 1)41- 2337 

COPIESTO B. Lindsay, R. Fairbanks, C. Elliott, OS. Louie Files 

SUBJECT Loss of elk/ mule deer on the Blue Mesa Reservoir 

NOTES I asked Mr. Cornelius some more questins about ~lue Hesa. Apparently 

it is the storage reservoir for the Morrow Point and Crystal Projec ts . It reache~ 

its maximum level in August and may be down betwePn 40 an~ 100 feet i n w~r~er . 

It is on the Gunnison River a tributary of the Colorado and drawC:o\\:n is <ieper~~·e nt 

on forecasted inflows in the spring. This year (or last year ) t here was A hi~ 

drawdown. He didn't know offhand the drawdowr. i n 197fl . 

He said there is an effort made to keep the elk from crossing ~ighway 50 0r. 

the north side of the reservoir to prevent highway ki lls. 7his also '' tP.imizcs 

the number of elk crossing the reservoir from the north . Prior to Blue , lesa 

construction the elk normally cr:>ssed the Gunnison at this site and Blue '·lesa 

inundated the habitat area. However. the elk now are normally able to feed 

all they need on rhe north side of the reservoir and don't need to cross ~he 

elk don't normally swim across the reservoir in summer in large nurnbers bu t 

an occasional elk will swjm across 



!XI£00~ 0 ~[jl£~ SUSITNA JOINT VENTURE 

PHONE LOG 

Bob Rosette 
PERSONCONTACTEO -------------------------------------------

AFFILIATION For1:1er Regional Di rector of US FWS 

HARZA·EBASCO REPRESENTATIVE ..:B:..:o_b __ L.:....=.i n:..:..:.d.=.s.=.as..y __________________ ___ 

COPIES TO 

SUBJECT 

C. Elliott, G. Gemperline, Files 

Big game accidents - ice related 

TASK NUMBER 

DATE Februarv 18 1SV5 

PHONENUM8ER (303) 24° - 7~15 

NOTES f-Ir. Rosette told me again of the drowning of 69 elk on the Blue Hesa res~rvo i rll . * 

He also recalled an earlier incident of 20 elk being lost as a reslut of breaking 

through on the ice. He said the elk are following a traditional ~igration route. 

Most drownings nccur in spring. After crossing all v.'inter elk loo!< at the i.ce 

and think it is solid and venture ou t . A mitigat i on plan was be i ng de ve l oped 

as he was leaving the USFVIS by Jim Olterman the senior bio log ist ir: the rc<>i..:;o. 

I plan to contact him as soon as pos sible to see what progress has b~ep nade 

Another problem Mr. Rosette mentioned was shelf ice. Elk attempt in~ to Lross 

the Colorado River sometimes run into the shelf jce when they're trying to exjt 

on the opposite side. The animals will literally wear themselves out tryinp 

to climb out and eventually drown. 

1) * See phone log of February 4 . 1Q85 to Bob Cornelius NPS Corecanti o Ff ice 



00£00~£a~[i3£~ SUSITNA JOINT VENTURE 

PHONE LOG 

Jim Olterman 
PERSONCONTACTEO -------------------------------------------

AFFILIATION 
USFh;S s:: Region 

HAAZA·EBASCO REPRESENTATIVE 
Bob Lindsay 

COPIES TO 
Chuck Elliott, Gene Gemperline 

TASK NUMBER 

DATE Feb1·uary :5, 

PHONE NUMBER ( 30 3) 24 q- JL. 11 

SUBJECT Reservoi r ice and shelf ice impacts to big game. 

NOTES ~tr . Olteroan indicated that the r e is mi t igation being unrlerta·<en for 

the Blue Mesa Reservoir. It cons ists of acquisition of lands nea r the r~servoi.r 

and enhancement of habitat for elk. Much of th is land is currently usEd for 

cattle grazing. 

:·lr. Olterraan knO"-'S of no other ;::ase s oi e l k drO\.tning i.n res e rvoi. rs or i.n ri vers 

due to shelf ice. He mentionerl the two elk drownings which happcr.ed a t Blue --------
~lesa. (See phone log of 2/4/85 w/ Bob Cornelius NPS Curecanti o ffice).l!c sug-

ges ted I ca l l the north western regional off ice at (303) 248- 7175 and ask ahout 

lee shelf problems on the Colorado River. 

Apparent l y there hav·e been problems in Hr. Olterman' s region with deer drowning 

ir. concrete lined canals. 



Mr. Gemperline : 

Handwr i tten Memorandum from 
Bob Cornelius to E.J. Gempe r line 

I n a~d it ion t o i n fo rmation on thi s ca s e incident report , it should 
also be noted tha t : 

l ) 78 - 79 was a severe winter with heavy snow accumulations and 
cold temperat ures. A feeding program by the Division of Wild
life was ~~st ituted but thous ands of animals died in the vic i 
nity of the lake. 

2 ) According to Per ry Thompson, Blue Mesa Distric t Ranger , there 
was a poaching incident near Big Game Hill on the north side 
of the r e servoir in early winter . 

3) A special hunting season was in progress in late fall east of 
Stueban Creek, however some hunters drifted west along the l ake 
shore . 

4 ) There were problems with t r ave l e rs on U. S . Highway 50 stopping 
t o view and pho t ogr a ph an i ma l s . 

5) Twelve ( 12) e l k we r e known t o have fa lle n t hr ough ice on the 
Soap Creek a rm a r ound 1975. 

6 ) Individua l an i mal s on occasion ge t in trouble crossing ice by 
l osing the ir fo oting but it appears it i s the weight of large 
herds tha t c an break through. 



~a~ SUSITNA JOINT VENTURE 

PHONE LOG 

PERSONCONTACTED ----~J~a~c~k~l~~h~t~· t~m=a=n=------------------------

AFFIL IATION 
ADF&G 

HARZA·EBASCO REPRESENT ATIVE Bob Lindsay 

COP IES TO C. Zlloitt, Files 

SUBJ ECT Moose Ca l f Mortality 

TASK NUMBER _4.;.._ _____________ _ 

OAT~ Narch ~ 19P.S 

PHONE NUMIER 8:.:2:;.:2:--....:3:..;4:;.:6::..1::...._ ________ _ 

NOTES No formal write- up of the recent moo s e calf mo r tality studies bas been completed . 

Jack i ndicated t hat 2 and possib l y 3 calves were drowned (oyt of a pproxjmately l equal 

44 mortalities) in the rive r or its tributaries. 1 i n mains trean, 1 i n Tsusen a 

a nd 1 questionable drowning in Watana c r eek ( not known jf other fac t ors e g C i"i&d 

by preditor entered into the acc ident) , The age s of the 2 confirmed drownicgs .,ere 

about 6 days fo r one calf and 2 weeks for the other 



00£00~ 0 (jm£~ SUSITNA JOINT VENTURE 

PHONE LOG 

PERSONCONTACTED ___ D_r __ . _J __ a_m_e_s __ P_e_a_k ________________________ __ 

AFFILIATION Professo~ of Wi:dl ife & Range Science 

TASK NUMBER 4 

DATE March b, 19R5 

HARZA·EBASCO REPRESENTATIVi: Bob Lindsay PHONE NUMBER(208) 8k5-7120 

COPIES TO Gene Gemperline, Chuck Elliott 

SUBJECT Moose Calf Morta l i t y - Drowning, moose and ice mortal i ty 

NOTES ___ P_e_a_k __ d_o_e_s_n __ ' _t __ t _h_i_n_k __ t_h_a_t __ m_o __ o_s_e __ c_a_l_f __ d_r_o_w_n __ i_n~g_s __ a_r_e __ a __ m_a~jo __ r __ m_o_r_t_a_l_i_c~~~·--fa __ c_t_o_r_. ____ __ 

It is more a function of the individual animals over all ccndition. 

Weakened calves would be subject to drowning because of poor physical 

condition because of waves on a reservo i r or swiftness of a r iver 

current. Peak pointed out that moose cows often use islands for 

calving as a predator avoidance strategv and he ~as ohserved c a l,·es 

as young as 2 days old crossing swift rivers. 

Peak a lso gave me a very good persona l observation concerning caribou. 

lie observed a calf swimming in a lake 12 miles wide. The main body 

of a caribou herd had just crossed the lake and the cal( and its 

mother had been separated . The cow was also out in the water looking 

for its cal f. Both animals were 5 miles f rom shore 

Finally , Peak inrlicated that mooo;e drownin~: from breaking thrm•c-b 

~he ice was not a major mortality factor on natural bodies o f water 

He i ncicated howeyer , that if cracks anrl polygons of ice on rte 

shore lines were encountered (such as in Susitna) it could be of 

grcat<:'r concern. 



BEAK CONSULTANTS INCORPORATED 
Corpor•t• He.ctqu•rters 

E•ghth Floor Loyalty Bldg. 
317 S.W. Alder 
Portland. Oregon 97204 

Telephone 503/ 248-9507 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacher Drive 
Chicago, Illinois 60606 

Dear Or. Louie: 

.. 

March 27, 1985 

I was interested to see your ad in the Fisheries Journal (Jan-Feb 1985). 
I have been working with this type of problem for years. My work has included 
studies on big game in Alaska and Canada. as well as the lower 48. The ques
tions you ask are good ones but there seems to be very little 11 hard data11 on 
which to base mitigation. One of the worst 11killers" that I'm aware of is Lucky 
Peak Reservoir near Boise. The reservoir is in prime deer winter range and many 
deer (no accurate estimates are available to my knowledge) are lost through the 
ice each year. When talking to the Idaho game folk, they are not aware of any 
feasible ways to reduce this impact. 

As with many of these problems, the actual events are either relatively 
rare or not well documented. I would encourage you to first assess the likeli
hood that a significant problem exists. For example, if the reservoir is not in 
a wintering area there is probably not going to be a problem. Second, and most 
important, if there is a case made for such an impact, try to determine if mor
tality on a population level with and without the ice problem i s likely to be 
significantly different. To my way of thinking the icing problem is not likely 
to be very important on a population level, considering the usual high mortality 
during winter. If you do determine that there is a siynificant increase in 
winter mortality, which is less expensive: fix the icing problem, or increase 
survival of the remaining animals via mitigation? I suspect the standard winter 
mitigation measures will be called for. If you give them good water and cover 
away from the reservoir, perhaps they won't be drawn close to the dangerous con
ditions. 

In surrmary, good questions, good luck, and please send me a copy of your 
report when it goes public. 

PHW:KH 

Sincerely yours, 

?~ tJITy 
Paul H. Whitney, Ph.D. 
Project Manager 
BEAK CONSULTANTS INCORPORATED 



1}{]£00~& ~ ~00£~@ SIJSITNA JOINT VENTURE 

INTRA-OFFICE MEMORANDUM 

LOCATION Chicago Office DATE Apr i 1 5 , 1 9 8 5 

TO Files NUMBER -----------------------

FROM D. S. Louie 

SUBJECT Susitoa project 1563-142 
Winter Operation 
Record of Telephone Conversation 

I made a follow-up on the information provided in Dr. Paul Wh i tney 
of Beak Consultants, Inc.'s letter regarding Lucky Peak Reservoir, 

Person contacted: 

Mr. Daniel Brownell, Manager 
Lucky Peak Project Office 
Cor ps of Enginers, Walla Walla District 
HC-33, Box 1020 
Boise, Idaho 83706 
Phone (208)343- 0671 

Lucky Peak Dam is located on the Boise River near the City of 
Boise , Idaho. It was completed in 1956. Structural height is 
340 ft with a reservoir capacity of 306,000 ac ft. At normal 
reservoir level the lake surface is 2800 ac. The project is for 
i rrigation and flood control. 

The lake is on a number of major ·deer migration routes. As late 
as 12 to 15 years ago the loss was as much as 150 to 175 deer a 
year. However, in recent years, by maintaining the reservoir 
level constant du ring freeze-up supporting the fo rming ice sheet 
the casualty has been held to 5 or 6 per year. 

Originally the grea test casualty occurs just after ice cover 
formation when the ice thickness is thin and weak. Thereafter, 
the reservoir was allowed to be drawn down soon after cove r 
formation. This leaves an air-pocket or void between the weak ice 
and the water surface, Cracks may even deve lop. At this stage 
the strength of the thiP ice alone is inadequate to support the 
animals . 

The width of the reservoir is in the Jrder of 1500 ft. It was 
found ~hat if the reservoi r level is kept fairly constant 
supporting the forming ice even with a thin sheet a small he r d of 
animals coula cross the lake (or river) safely. 



Q:{)£00~£ 0 §(ID£@@@ SUSITNA JOINT VENTURE 

INTRA-OFFICE MEMORANDUM 

LOCATION Chicago Off ice 

TO Files 

FROM D.S. Louie 

SUBJECT Susitna Project 1563-142 
Winter Operation 
Record of Telephone Conversation 

DATE April 5 , 1 9 8 5 

NUMBER 

Page Two 

The current practice at Lucky Peak reservoir i s to maintain the 
water surface at a constant level during ice cover formation. This 
water level is kept until the ice cover has develop adequate 
thickness and strenght before lake drawdown is permissible. 

Ret~rn migration is virtually completed by spring ice-break-up at 
Lucky Peak. There has been no drawi ng in recent years du ring this 
period. 

David S. Louie 

DSL/mmg 



Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 

Dear Dr. Louie: 

October 25 , 1984 

Copies of your letter requesting information about ice-control 
engine€ring have been sent t o the following individuals /agencies 
for thei r poss ible response t o your questions in item No . 1. 

{1) Dana Murch, Hydropower Coord., Maine DEP, State House Station 
#1 7, Augusta, Maine 04333 

(2) Fred Michaud, Maine Dept . o f Defense, Civil Emergency Pr eparedness, 
State House Station #72 , Augusta, Maine 04333 

Our Department's response t o items No. 2 and 3 are tha t we apparently 
experience few problems with animals slipping into reservoirs or 
through cracks in the i c e . At least to the best of my knowledge 
at this time it has not been identifi ed as a problem so no policies 
or measures have been developed to deal with it . 

Item No.4 regarding turbidity is also best answered by the Dept. o f 
Environmental Protection pursuant t o the ir overal l jurisdiction under 
State Water Quality Classification. Again, our Depa rtment has no 
established accepted or "permissible" degree of turbidity for waters 
containing salmonids. 

Sincerely , 

_ 4;. .: ,..~--5~.7 - -;' ) 
' Frederick B. Hurley,~ . 
Director, Bureau of Resource Management 

FBH: SAT:jmk 

cc: D. Murch 
F. Michaud 



STATE OF MAINE 

Department of Environmental Protection 

JOSEPH E. BRENNAN 
GOJEANOA 

October 30, 1984 

Dr . David S. Louie 
Harza Engineering Co. 
150 South Wacker Drive 
Chicago, Illinois 60606 

Dear Dr. Louie: 

IIIAIH OFFICE: RAY BUILDING HOSPITAL STREET AUGUSTA 
MAll ADDRESS St1t• HO\.t ~• S t at1ott 11 A.~qvsla ().1333 

HENRY E. WARREN 
COMMISSIONER 

Your recent request for information on state-of- the-art ice control engineering 
was forwarded to me by the ~aine Department of Inland Fisheries and Wildlife. 

The Department has no regulations or pol icies with respect to the control of 
ice levels in ~aine's rivers. Your best source of information will probably be 
the major hydropower development interests in the State. I suggest that you 
contact the following companies: 

(1) Central Maine Power Co . 
ATTN: John Arnold, Environmental Effects Coordinator 
Edison Drive 
Augusta, ~aine 04336 

(2) Union Water Power Co. 
ATTN: William Grove, Agent and Engineer 
150 Main Street 
Lewiston, Maine 04240 

( 3) Kennebec Water Power Co, 
ATTN: Alan Corson, Chief Engineer 
8 Water Street 
Waterville, ~aine 04901 

(4) Great Northern Paper Co. 
ATTN: Paul Firlotte, Power Systems Manager 
Millinocket, Maine 04462 

(5) Bangor Hydro-Electric Co. 
ATTN : Doug Morrell, Hydraulic Engineer 
33 State Street 
Bangor, ~aine 04401 

( 6) Georgia-Pacific Corp. 

• Portland • 

ATTN: Kenneth Gordon 
Woodland, Maine 04694 

REGIONAL OFFICES 
• B111190 r • • Presque Isle • 



Dr. David S. Louie 
October 30, 1984 
Page -2-

In response to your question on turbidity, I am enclosing a copy of the State 
Laws classifying inland and tidal waters . Basically, there are five 
classifications of inland waters: A, B-1, B-2, C, and D. Class A standards 
specify that "there shall be no disposal of any matter or substance in these 
waters which would impart ••. turbidity •• . other than that which naturally occurs 
in said waters." The standards for all other classifications specify that 
"there shall be no disposal of any matter or substance in these waters which 
imparts . •. turbidity ••• which would impair the usages ascribed to" these 
classifications. 

Please feel free to call me at 207-289-2111 if I can be of any further 
assistance. 

Sincerely, 

DANA PAll. MURCH 
Hydropower Coordinator 
Bureau of Land Quality Control 

DPI~/ jp 

Enclosure 

cc: Steve Timpano, IF&W 
Fred Michaud, SPO 



Central Maine Power Company 
GENERAL OFFICE. EDISON DRIVE. AUGUSTA. MAINE 04336 
(TWX NUMBER. CMP·AGUA 71()-226-0195) 

Dr. David s. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, IL 60606 

Dear Dr. Louie: 

February 20, 1985 

Having reviewed your request regarding information on 
state-of-the art ice control engineering, I must inform 
you that there is little we can contribute to your 
survey. 

To date this company has not experienced any continuing 
recognizable environmental or flood control problems for 
which specific ice control measures have had to be adopted 
or developed. 

t207l 623-3521 

Normally after ice has formed, we attempt to maintain reser
voir water levels below full pond to minimize surface stress, 
which is the primary cause of surface cracking. 

Tubidity resulting from movement of suspended solids is 
generally not a problem in this area. The soils in this 
region are largely of glacial origin, primarily rock, gravel 
and coarse sand. After years of natural scouring, the 
characteristics and weight of the remaining soils inhibit 
extended suspension or movement. We have never experienced 
any water quality deterioration due to excessive turbidity at 
any of our hydro facilities, which has been obviously 
detrimental to resident aquatic life. 

I hope that we have been of some assistance in this matter. 

WBC/ gss 

Sincerely yours, 

/'' I / I / , · / 
\. • ... _,.:. ~ ( ( ' !. , 

William B. Campbell 
Environmental Specialist 
Environmental Studies D~partment 



Allen J. Corson 
lti-Engillftf 

Mr. David S. Louie 
Harza Engineering Co. 
150 So. Wacker Drive 
Chicago, Illinois 60606 

Dec:.r r-!r. Louie: 

Established 1893 

January 31, 1985 

I will attempt to respond to the information you 
recently requested, relative to ice control: 

1. We control only the headwaters of the Kennebec River, 
therefore the operating policies of Central Maine 
Power Company on downstream plants might shed some 
light on your request. 

2 . I am not aware of any environmental impacts as a 
result of reservoir drawdowns. 

3. In Maine, most large animals stay off the ice as they 
are unable to maintain mobility- especially the 
hooved animals. 

4. We have had erosion of embankments due to spring 
break-up, but attempt to keep reservoir levels below 
full pond at break-up to minimize impacts. The Maine 
Department of Environmental Protection maintains 
standards for water qual1ty classifications. 

I trust these comments have been of some 
assistance. 

Sincerely, 

AJC/ rl 

P.O. BOX 103 • WATERVILLE, MAINE 04901 • (207) 872·6624 



lluion Ulntrr lJ o{urr [ omp~nl_! 

Harza Engine~ring Co•pany 
150 South Wacker Driv~ 
Chicago, Ill 60606-4176 

Atten: David F. Louie 

Sir: 

February 19, 1985 

In response to your questionnaire regarding state-of-the-art in ice control, 
please accept my apology for not responding more promptly. In general we find 
lit t ' e natural peril for terrestrial animals and in fact can find some benefit 
from r eservoir d rawdown. More on this later. Specifically I will answer the 
survey in order of presentation. 

1. The winter operating procedure on the Androscoggin River is one of 
run-of-rive~ at all hydro power stations. This allows a steady formation of 
ice both above and below the station. Above the station of course, the slowed 
velocity of wa ter freezes more quickly and to a greater ri~pth than below the 
station where the velocity is inherently greater. We have a greater problem 
of ice jamming that is created more front natural causes than from power 
station operation. This river has several natural constrictions in the form 
of 'doubling bends' that restrict river flows and act as gathering areas for 
tributary ice discharges created by unseasonable freshets. Power stations on 
this river are well separated from these problem areas and cannot be 
considered to be a contributing factor to flooding. 

2. !he nature of reservoir f reezing during drawdown does not allow wet 
reservoir banks to exist. The drawdown is gradual thus allowing solid 
freezing of the water. There are no exposed areas where an animal would 
become entrapped in a combination of wet mire and reservoir ice. At the time 
of freezing, the reservoir ice has formed sufficiently to support the weight 
of animals. Our experience of over 100 years of operation is that we do ne t 
have migratory animals in the true sense of the word. Never have my people 
reported seeing moose or deer on the reservoir surface of their own accord. 
The deer especially are at far greater hazard from packs of predator coy-dogs 
that drive them on to t he ice where they lose their footing and become easy 
prey. Bears hibernate in the winter. 

3. The formation of ice cracks/ridges is far more severe on natural lakes 
where the only relief for ice pressure is the formation of ridges. The very 
na ture of r eservoir operation relieves these pressuLes as the reservoir is 
drawn . The formation of these ridges is practically non existent on our 
reservoirs. Our reservoirs do not fluctuate as such. The draw is conti~ually 
downward and does not reverse itself until the spring fill period has 
started . Reservoir fluctuation is annual tn that the reservoirs are filled 
once in the spring and drawn over the rest of the year reaching their lowest 
level on the last day of March (average). 



4. The reverse is true at so called break-up time. This period is marked by 
a closing of the reservoir discharge gates thereby stilling the reservoir 
waters from any flow. As the reservoir rises the ice that was formed during 
the drawdown period and which is still in place along the shore, merely falls 
into place with the rising water level. This prevents movement from wind and 
restricts any subsequent shore line damage. While there are years that late 
melting ice fields can create problems when the wind blows, this is no 
different from natural lakes that have problems annually and can create severe 
shore line damage. Therefore there is virtually no problem beyond what occurs 
naturally in the way of turbidity. My biologists tell me that this is a non 
problem and therefore has not been worthy of study. Downstream of the 
reservoir is much the same as above. Since the gates have been closed except 
for minimum flow requirements, there is insufficient flow to create river bank 
erosion. Any shore ice melts rather uneventfully as nature takes its course . 

In addition to the above there are advantages to reservoir shore ice 
formation. It shields the reservoir surface from freezing temperatures thus 
allowing open water to the many wildlife who depend upon water for their very 
existence. We have otter and muskrat and mink who could not exist without the 
formation of ice shelves for access. These shelves provide protection against 
their natural enemies and the harsh New England weather that is their habitat. 

This reservoir system has been in operation continuously for over 100 years 
and we have not observed any calamity to wildlife that has not occurred in non 
reservoir conditions. 

In the case of migrating caribou where thousands of animals constituting tons 
of hoof striking force on any questionably frozen surface, it is a lot to 
expect that the ice surface will always support them under all conditions or 
that some interruption in the ice surface will not create some hazard. Wind 
blown ice gives little if any traction to cloven hooved animals. Similarly 
hazardous conditions exist in drifted snow fields and concealed brooks and 
streams. 

Having observed winter conditions first hand, it seems somewhat facetious to 
consider that any manipulation of reservoir levels could or would affect ice 
formation or ridges or cracks that would be any more or less hazardous than 
naturally frozen lakes. 

I will appreciate the results of your survey, which you may send to the above 
address. 

WMG:sr 

0010E 

Sincerely, 

William M. Grove 
Agent and Engineer 



HARZA ENGINEERING COMPANY 
PHONE LOG 

Called 
Person C;Atlcted H. Barrinaton Project_s~u~s~iutyn~a~_,_,, 

Affi Hat ion 
Div. of Land & Resources Develop. 
Dept. of Natural Resources Project I 1563-142 

P.O. Box 30028 
Harza Rep._,~P~·~s~·~L~p~u~i~e--_,_,_,_.I .• a~n~s.io~a~·~M~I~4~8~9~0~9 Date Oct . 31, 1984 

Copies To Phone I (517) 373-0133 

Subject Ice Control Engineering - Susitna Project 

Notes The department has no policy on questions 1, 2 and 3. 

Regarding question 4 - permissible increase in tu:-bidity due to 

bank erosion by ice break-up and movement: 

1. Cold water rivers 10% above back ground turbidity level in mg/1 

2. Warm water rivers 20%-25% above back ground turbidity level 

Background turbidity leyel is the turbidity of water during 

noxmal flow cppditions for the month in question. 

3. Maximum water surface fluctuation is 8"-10" per day for cold 

water rivers (salmon· char. trout etc.) 

12"-18" per day fpr warm water rivers (bass. walleyes etc.) 

David S. Louie 
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October 23, 1984 

Dr. David s. Wui.e 
Harza Enqi.neering Catpany 
150 South wackP.r Drive 
Chicago, Illinois 60606 

Dear Dr. Wui.e: 

'ltlank you for your letter requesting infonnation on ice-control engineering 
and related environnental prcblems in M:>ntana. AltOOugh ice jams and 
flooding are concerns in the lower YellCMStone River basin, I am not aware 
of specific concerns or \o.Crk related to :ittpacts on terrestrial animals. 

'nle following persons may have useful in.fonnation: 

HEJ/nf 

Richard Bondy, Chief 
Engineering Bureau 
Depart:Irent of Natural Resources & Conservation 
Helena, MI' 59620 

James A. Posewi tz , leader 
Resource Assessrrent Unit 
Depart:Irent of Fish, Wildlife & Parks 
Helena, MI' 59620 

Mr. Robert Periman 
Manager., Hydro-Engineering 
M:>ntana Power Ccrtpany 
40 East Broadway 
Butte, MI' 59701 

Mr. Don \llillems 
Envirorurental Sciences Division 
Depart:Irent of Health & Environrrental Sciences 
Helena, t-tr 59620 

Sincerely, 

Howard E. Johnson 
Environmental Scientist 

~~/Louie 10/23/84 



~Departnpll 
qf 

'Ftslt.1tfldlffe t:& ~ 

November 7, 1984 

Mr. David S. Louie 
Chief, Hydrolic Engineer 
Harza Engineering Company 
150 South Wacker Drive 
Chicago~ Illinois 60606 

Dear Sir: 

14 20 East Sixth Avenue 
Helena, Montana 59620 

The Montana Departme nt of Fish, Wildlife and Parks ha s not 
investigated any of the issues associated with ice impacts on 
wildlife mentioned in your October 29th letter. I am also not 
aware of any studies that address these issue s; consequently, 
I regret we are unable to be of any assis tance to you. 

JAP/bfs 

Sincerely, 

James A. Posewit z 
Leader 
Resource Assessment Unit 
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Dr. David s. Lowe 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 

Re: Ice Control 

Dear Dr. Lowe: 

. -- -' - ··- -

January 30, 1985 

·. 

... . ~. : ,. 

·' .. . 

In response to your letter dated January 17, 1985, 
I am recommending that you contact Dr. Donald R. 
Reichmuth at: 

Dr. Donald R. Reichmuth 
Geomax 
622 South Sixth Avenue 
Bozeman, Montana 59715 

Please do not hesitate in contactin9 me, if I can be 
of any further assistance. 

KC:ls 

Sincerely, 

Ken Chrest 
Agricultural Specialist 
Water Quality Bureau 
Environmental Sciences Division 



Nebraska Public Power District 

January 29, 1985 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 

Dear Dr. Louie: 

tis-

GENERAL OFFICE 
P 0 BOX 499. COLUMBUS. NEBRASKA 68601-0499 

TELEPHONE (402) 564-8561 

In response to your request for information on environmental impact caused 
by various ice conditions on reservoirs and rivers, the following information 
is supplied: 

1. At Gentleman Station, a 1300 MW total coal fired steam electric 
generating station on the south shore of Sutherland Reservoir, 
warm water recirculation to the water intake structure occurs during 
the winter months to minimize i c ing conditions. Other than that 
we have no procedures or operating policies used in the control 
of ice levels in rivers downstream and upstream of dams and hydro
plants in our system. 

2. We have no procedt:res to uun1.m1.ze the hazard of animals falling 
into the reservoir. due to slippage on ice on wet reservoir banks. 

3. We have no procedures to reduce hazards of animals falling into 
or being trapped in cracks which may develop from reservoir fluctuation 
management. 

4. The Nebraska Water Quality Standards state that turbidity caused 
by human activity shall not import more than a 10 percent increase 
in turbidity, as measured in Jackson Turbidity Units, to the receiving 
water. 

Sincerely, 

£,4-~~~ 
Eric N. Sloth, Ph.D . 
Division Manager 
Environmental Affairs 

ENS/cl 



PACIFIC POWER & UGHT COMPANY 
920 S.W. SDmi AVENUE • PORT1.AND. OREGON 97204 • (S03t 2C3-1122 

Dr. David s. Louie 
Chief Hydraulic Engineer 
Barza Engineering Company 
150 South wacker Drive 
Chicago, Illinois 60606-4176 

Dear Dr. Louie: 

January 31, 1985 

Your letter of January 17, 1985, requested information 
about control of ice levels in rivers upstream and downstream of 
dams and hydropower plants. Pacific does n~t operate any project 
at which ice formation in the river is of any consequence. There 
is one small reservoir within Pacific's system that periodically 
freezes over, but no special procedures are required for 
operation during such occasions. 

Very truly yours, 

X.tl.A~ 
s. A. deSousa 
Manager, Civil Engineering 

deS:sb 

TEl£COPIER 243-4774 • TWX 910-464-1594 
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DEPARTMENT OF GAME 

David S. Louie 
Harza Engineering Company 
150 South Walker Drive 
Chicago, Illinois 60606 

Dear Mr. Louie: 

November 8, 1984 

If your letter of October 16, you asked several questions about ICE 
control eng i neering . I talked to several biologists and our engineering 
division and could find no one who could provide you the information 
you requested. 

JGF: ks 

• > 

Sincerely, 

THE DEPARTMENT OF GAME 

J. 
~ames G. Fenton 
Major Proj ects Coordinator 
Habitat Management Divi s1on 

Fit"''"' L<X.II.. -\RO 
Dort>< tor 
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Booth Gardner 
JOth~XDlX'M~X 
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DEPARTMENT O F FISHERIES 

Mr. David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
Consulting Engineers 
150 South Wacker Drive 
Chicago, Illinois 60606-4176 

Dear Mr. Louie : 

February 4, 1985 

Please excuse my tardy response to your recent inquiry re ice control 
engineering. 

We don't really have a lot of exper tise in this f~eld. However, it 
might be worthwhile for you to contact Russ Webb~ the Chief of our 
Engineering Division at (206) 753-6610 and Ken Bates Habitat Management 
Division Engineer at (206) 753-3632. . . . . 

f> •t d t;. ... ;.' . • 

Additionally, we suggest you contact the U.S. Bureau of Reclamation, 
Engineering Research Center in Denver ~ Colorado and Hosey and Associates 
in Bellevue , Washington. 

Sincerely, 

<.L .... ~J-
William R. Wilkerson, 
Director 

,. P·• v...: /': ~1/;<.:U~-~ J. ~ .t~-:11' 4.:- .:( L·;.J p:l t..t..:.. 

,.,rc o p~.,· ,"1~r~t .: p ' / , ·,· ~1 
·.) . 

.-.J ;_ uJ~ .. . ·-n )(/ .~~ / .; 
' 

~ ' {, •. ~ :: ,_ : '·'' ·-



~PLY TO 
ATTENTION Of' 

Executive Office 

Dr. David S. Louie 

DEPARTMENT OF THE ARMY 
WATERWAYS EXP£RIME.NT STATION. CORPS Of ENGINEERS 

PO. BOX 831 
VICKS8URG, MISSISSIPPI 31181).0831 

November 14. 1984 

Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 606C6 

Dear Dave: 

I have forwarded your letter of November 1 to the Cold Regions Research 
and Engineering Laboratory 1n Hanover, New Hampshire, for reply. I believe 
they should have the answers to most of the questions you raised. Please let 
me know if I can be of further assistance. 

It was good to hear from you. Why don't you come to see us sometime? 

Enclosure 

HYDRAULICS 
LAIIORATORY 

GEOTECHNICAL 
LAIIOfiATORY 

STRUCTURES 
LAIIOfiATORY 

Sincerely, 

F. R. Brown 
Engineer 
Technical Director 

ENVIRONMENTAL 
LABORATORY 

COASTAL ENGINEERIIiG 
RESEAIICH CENTER 



Executive Office 

Dr. Lloyd R. Breslau 
Technical Director 

DEPARTMENT OF THE ARMY 
WAT'EAWAYS ~IIIII.NT STATION. COI'II"S Of' £HGINE£RS 

,0 80ll .,. 
YICKSeUI'G. Yl$$15$1~ 31110-013 I 

November 14, 1984 

USA Cold Regions Research and 
Engineering Laboratory 

72 Lyme Road 
Hanover, New Hampshire 03755-1290 

Dear Lloyd: 

Inclosed is a c~py of some correspondence which I think is self
explanatory. Dave Louie is a good friend and I hope you can supply him 
with the information sought. 

Thanks. 

Enclosure 

HYOIIAULICS 
LAaOfiA TORY 

GEOTECHNICAl. 
L.A8()RA TOllY 

Sincerely, 

· F. R. Brown 
Engineer 

STAUCT\J"fS 
LA80fiA TORY 

Technical Director 

lHYIAONIOIENTAL 
LAiJOitATORY 

C<'ASTAL ENGINUAINQ 
"ESEAACH CENT[A 

'fb 



DEPARTMENT OF THE ARMY 

IIEPl.Y TO 
A" ENTtON Of 

Planning Division - PF 

Dr. David s. Louie 
Harza Engineering Canp:tny 
150 South Wacker Drive 
Chicago, Illinois 60606 

Dear Dr. Louie: 

December 6, 1984 

This is in response to your letter of Noverttler 1, 1984, concerning your 
literature search on the state-of-the-art in ice control engineering which 
affects the envircnnent. 

COncerning the control of ice in rivers downstream and upstream of dams 
and power plants, we have both studies and practical experience in 
stabilizing ice cover to allow p:lSSage of vessels and still maintain a 
stable flow of water for hydropower and prevent the formation of i ce jams, 
through the use of floating log ice boans. Work in this area has been done 
primarily on the St. Marys River at Sault Ste. Marie, Michigan, on the 
Niagara River at Buffalo, New York, and along the St. Lawrence River. 
Activities on the St. Marys River included a model study followed by a 
demonstration program to t est an ice boan's effectiveness at the head of the 
Little Rapids CUt just downstream of the SOo Locks and Goverrment and 
private hydropower facilities at Sault Ste. Marie, Michigan. This work was 
done during the Congressionally authorized Great Lakes - st. Lawrence Seaway 
Navigation Season Extension Program which was concluded in Septerber of 
1979. A Pt<>tocopy of the Little Rapids Olt IOOdel study is available at a 
cost of $52.00. The boan proved so successful that it is now put of our 
normal operations activities. However, the effects of the boom on water 
levels, flows, and ice cover continue to be analyzed and a report is 
released annually by our Great Lakes Hydraulics and Hydrology Branch. 
Should you desire specific details on operating procedures or policies 
associated with the ice boom, please contact Mr. Jim Bray, SOo Area 
Engineer, u.s. Army COrps of Engineers, St. Marys Falls canal, Sault Ste. 
Marie, Michigan 44783; teleP'tone nllltler (906) 632- 3311. 

In an effort to control ice problems on the St. Marys River, the 
present Lake SUperior regulation plan, Plan 1977, contains a requirement 
limiting the discharge through the Lake SUperior cont.rol structures (three 
power plants, navigation locks, and caupensating works) into the st. Marys 
River to 85,000 cfs fran Dece!li>er through April. This limitation was set as 
a "safe" rnaxinun as a result of p~st experiences with flooding due to ice 
jamni.ng in the SOo Harbor and the lower St. Marys River, caused in put when 
higher flows are discharged. 
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There is also an ice boan placed annually at the head of the Niagara 
River by permission of the International Joint camussion. The ice boan 
accelerates the formation of, and stabilizes the natural ice arch that forms 
near the head of the Niagara River every winter. '!be boan reduces the 
severity and duration of ice runs from T~e Erie into the Niagara River, and 
lessens the probability of large-scale ice blockages in the river which can 
cause reductions in hydropower generation and flooding of shoreline property 
along the Niagara River. Additional information on this ice boom can be 
obtained fran Colonel Robert R. Hardiman, Buffalo District Engineer and 
<llairman of the International Niagara WOrking Omnittee of the Internatonal 
Niagara Board of Control. Colonel Hardiman can be reached at this address: 

U.S. Army Engineer District, Buffalo 
1776 Niagara Street 
Buffalo, New York 14207 

Ice related studies performed by the Corps of Engineers are conducted 
by our Cold Regions Research and Engineering Laboratory in Hanover, New 
Hampshire. Activities conducted on the St. Lawrence River have been 
runducted by the two operating entities; the St. Lawrence Seaway Authority 
in Canada and the St. Lawrence Seaway Developnent Corporation in the United 
States. Representatives of these organizations can be contacted at the 
following addresses: 

catmander 
u.s. Army Cold Regions Research and 
Engineering Laboratory 
P.O. Box 282 . 
Hanover, New IJan'phire 03755 

President 
St. Lawrence Seaway Authority 
Place de Ville 
Ottawa, Ontario, canada KlR 5A3 

Honorable James L. Emery, Adninistrator 
St. Lawrence Seaway Developnent Corporation 
800 Independence Ave., s.w. 
washington, D.C. 20591 

'!be Detroit District is ir.volved in the operation of only one 
reservoir; the Lake Winnebago Pool on the Fox River in Wisoonsin. 'Ibis 
reservoir is operated primarily for flood control and to provide consistent 
water levels for navigation. As such, the reservoir does not experience 
frequent fluctuations, but is drawn down gradually beginning in late fall to 
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provide for spring rWloff fran the surrounding watershed. Under the plan of 
operation, the pool is not drawn down until a substantial ice cover has been 
established. '11lus the banks are not exposed when the pool level is drawn 
down. With this method of operation, we do not experience adverse effects 
on wildlife using the pool for watering: nor are we aware of proolems for 
wildlife relating to cracks in the ice cover. The Cold Reqions Lab in New 
Haqlshire may have done sane studies relating to the size and pattern of 
crack developnent in ice cover in relation to ship JOOVement. Other possible 
points of contact for these issues might be the Corps of Engineers 1 water 
Resources suwe>rt Center, the u.s. Fish and Wildlife Service, and the 
Canadian Ministry of the Environment. Addresses for these agencies are 
provided below. 

u.s. Army Engineers Water Resoarces 
suwort Center 
Casey Building 
Fort Belvoir, Virginia 22060 

Regional Director 
u.s. Fish and Wildlife Service 
Roan 642 
Federal Building, Fort Snelling 
'!\lin Cities, Minnesota 55111 

Mr. R. E. fib>re, Director 
Southeast Region 
Ministry of the Environment 
153 Dalton Street · 
Kingston, Q1tario, Canada K7L 4X6 

The Detroit District does not have any studies on tile prd:>lerns of bank 
erosion caused by break-up and JOOVement of ice and increased sediment in 
reservoirs. Ebwever, during the Great Lakes am St. Lawrence Seaway 
Navigation Season Extension Program, a study on "Shoreline Conditions and 
Bank Recession along the u.s. Shoreline of the St. Marys, St. Clair, 
Detroit, and St. Lawrence Rivers" was coooucted as {art of an investigation 
of the effects of ice caused erosion on these rivers. The Environnental 
Protection A1:JenCY has also funded sane research on sedimentation in the 
Winnebago Pool in Wisconsin. For information on turbidity effects on 
aquatic life, you may wish to contact the u.s. Fish am Wildlife Service and 
Region 5 of the Environmental Protection Agency. The EPA 1 s address is shown 
below. 



-4-

Regional Administrator 
Region 5, EPA 
230 South Dearborn Street 
Olicago, Illinois 60604 

I hope this information is helpful to you. If I can be of any further 
assistance, please feel free to contact me at (313) 226-6768. 

Sincerely, 

C. Argiro£ , P.E. 
Olief, Planning Division 
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De cember 5, 1984 

Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 

Dear Dave: 

I'm afraid thcli: we cau' t he.l.p you much regarding environmental 
studies but can supply the names of nther organizations who should be able 
to help you. They are: 

Planning Division 
u. S. Army Engineer Distri c :: . '.'>e troit 
P. 0. Box 102 7 
Detroit, Michigan 48231 

Fish and Wildlife Service 
U. s. Dept . of In terior 
Federal Building, Fort Snelling 
Twin Cities, Minnesota 55111 

Resident Manager 
Power Authority o€ The State of New York 
P. o. Box 700 
Massena, New York · 13662 

Operations Division 
u. s. Army Engi neer Division, Missouri River 
P. 0 . Box 103 , Downtown Station 
Omaha, Nebraska 68101 

U. S. Forestry Service 
Rocky Mountain Extension Service 
316 East Myrtle 
Boise, Idaho 83702 

L. Billfalk 
Swedish State Power Board 
The Hydraulic Laboratory 
S-870 71 Alvkarleby 
SWEDEN 
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Our library may have foreign arti cles or reports that I am not 
aware of. You may want to have someone visit CRREL to review the reports 
that may be in our library. 

I'm sorry that I could not supply what you were looking for. The r e 
is still a lot to be done in this field. 

Have a very happy holiday season. 

Sincerely, 

. i • 
~-

Guenther E. Frankenstein 
Chief, Ice Engineering 
Research Branch 



United States Department of the Interior 
FISH A.'ID WILDLJFE SERVICE 

WASHl:-.iGTO:'Il, D .C . '!024{) 

~~·l!!S> ONlY ~~l n•RE•:TG~. 
ft~H ~~~C ~!lOUrt SEavoC£ 

Or. Davi d S. Louie 
Harza Engi neering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 

Dear Or. Louie: 

NOV I 6 1984 

Thank you for your letter requesting information on the effects of ice 
control engineering on the environment. The following comments are in 
response to your concerns. 

1. "Procedures and operating policies used in the control of ice levels 
and methods of reservoir fluctuation management used to control crack 
development in ice." 

The U.S . Fish and Wildlife Service does not have the experti se t o 
establish operating pol icies for reservoirs. A good source of 
information are Federal reservoir managers, such as the U.S. Army 
Corps of Engineer (U . S. Army Corp of Engineer , Chief, Constructi on 
Operations Division, Room 6233, Pulaski Building, 20 Massachusetts 
Avenue, Washington, D.C. 20314, (202) 272-0196 ) and the Bureau of 
Reclamation (Department of Interior, Bureau of Reclamation, Chief, 
Division of Land and Water, 18th and C Streets, N.W., Washington, 
D.C. 20240, (202) 343-5471). 

2. "Environmental impact on terrestial animals due to the formation of 
ice on wet reservoir banks." 

There is the potential, if reservoirs freeze, for terrestia l an imal s 
to become stranded on ice and become easy prey to predators . Animal 
loss can be prevented by predator control, fencing of reservoirs and 
providing access to winter feeding areas away from iced surfaces . 

3. "Problem of bank erosion caused by the break-up and movement of ice 
resulting in an increase in sediment." 

Biologically, salmon and trout are very sensitive to stream 
turbidity. Sensitivity varies with life stage, time of year, water 
temperature and other factors. For a detailed description of 
suitable habitat for salmon and trout, please refer to the enclosed 
habitat suitability models. Addit ional inf~A>~~m~rt.wf\!8~ 

Date R ....... ~ ...... .J . . .. " .... , , l.:!l 

R~ur.~ ~0 
Ci:: · <:': · -: r v >;·::· _ r: i·-· 
p .. _:::-~ :<-·--..:·,: .. , _ ___ _ 
Ctp:-::~ ·· ·· ::; 
SllZJ·"·'· :"~ . . : .. ,. 

v \.. C. - # • . ...... : . "'".. .. ;·· , -----
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can be obtained from: Director, USFWS, National Fisheries Center 
Leetown, P.O. Box 700, Kearneysville, We~t Virginia, 2543U, 
(304) 725-8461 and the Director, USFWS, Seatt1e National Fisheries 
Research Center, Building 204, Naval Station, Seattle, Washington, 
98115, (206) 527-6282. 

If we can be of further assistance, please let us know. 

Enclosures 

Sincerely, 
f 

ltJtif&~t 
.&.ssociat~ 

Director 
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Translation by B.A. Wagner 

Subject : Preventive aeasures to avoid harmful 
influences on the environaent by 
foraation of ice in rivers and reservoirs. 

Gentleaen: 

Re: 

1 ) 

Your letter dated October 16, 1984 

~f~~~·~ 
The rivers in Austria are ~t open for navigation during the _ 
short periods of eztreae frost. The navisation can be halted. ~ 
Therefore, ice will be broken up only if it reduces the danger~ 
of floodins. The surface ice of the reservoirs will not be , 
broken up continuously and released over a single weir, ~ 
because this procedure will shift the problea of ice jams ~ 
downstreaa only and will lead to a heavier ice foraation. ~ 
Besides, the erosion of the downstreaa riverbed can not be > 
tolerated. As a rule the water level is low during eztreae ~ 

low teaperatures, so that the banking~ of the ilver;-Gue 
to higher friction and reduced cross-section by the ice cover, 
can be tolerated. When the banking-up of the river threatens 
flooding, the ice cover will be broken up by aeans of ice
ploughs, ice-breakers or blasting. In case water from 
powerhouses discharges into the river (teap. approz. 3°C) a 
reduction of ice foraation will be caused. 

The daas of powerhouses in hi8h •ountains are often protected 
froa the ice cover by a curtain of air bubbles, which bring 
the waraer water up. This aeasure is necessary to protect the 
jointins and ceaentins froa the ice cover and furtheraore, the 
pressure froa the ice cover on the daa will be prevented. 

2) and 3) It appears that the influence of the ice foraation on 
the aniaal kingdoa in Austria cannot be coapared with the one 
in Northaaerica. 

The water levels do not fluctuate noteworthy, so that the 
reservoir banks will not be covered unduly with ice. Also, 
eztreae pertods of frost do not occur in Austria. However, 
the reservoirs in the hilh aountains are regularly covered 
with ice and the river banks are partly covered with heavy 
ice, due to often chansins water levels. No probleas, as 
aentioned under parasraph 2 and 3 of your letter, are known in 
Austria, due to the fact that few aniaals live in the high 
aountains especially during the winter. Besides, aigrations 
don't occur. 

4) A sudden drift of ice, which collected on the reservoir does 
not occur. Measures to avoid bank erosion will be taken only 



in extreae flooding situations. The continuous natural exit 
of the ice does not cause bed or bank erosion and does not 
influence the living conditione of the aniaals. Possible 
local daaages of the banks after periods of frost have to be 
repaired. 

Repairs which will cause noteworthy water pollution will be 
perfor .. d during favorable high downstreaa water levels (above 
aiddle water). The upper 11a1t for insoluble aatter in water 
Ia 30 ag/1 or a a1n1aua visibility of 1 •· 

For further references see: 
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Dr. David S. Louie 
Harza Engineering Company 
150 South Wacker Drive 

CHICAGO ILLINOIS 60606 U.S.A. 

ICE CONTROL ENGINEERING 

Mlloling--

... 0 .... ,. ... ,o, ....... 10 N&MIO 

Dear Dr. Louie, 

From your letter of November 8, 1985 we note that you 
are conducting a literature search concerning the ice 
control engineering. 

We forwarded a copy of your letter to Mr. Tapio Kova
nen, who is the chief hydrologist of our parent company 
Imatran Voima Oy. His answer is here: 

Unfortunately we do not have any written reports in 
English, but in the following I try to answer your 
questions. 

1 . Operating policies 

We have successfully tested the maintaining of 
steady discharge in a river in Northern 
Finland to obtain early ice formation. The 
early ice formation is essential to minimize 
the formation of frazil ice. The steady 
discha.rge was obtained with a hydro power 
plant which has a large reservoir. This method 
is promising, but its application in practice 
is rather difficult. The electricity 
production requirements are often opposite 
to the ice formation operating policy. 

2. Environmental impact on terrestial a~imals 

According to my knowledge hazards you mention 
are not common in our country. 

3. Reservoir fluctuation management 

........ 

....... v...o, 
R 1• PI ••• ....... 

The crack development is not a problem in our 
country. Warm water flowing from a reservoir 
has weakened the ice cover in Northern 
Finland. 

T...,._ ..... ,..,, 
.., ... oeteot ,a.. ....... ...... ..... 



I'VO c--..·--·--IAd 1702/85 2 

4. Bank erosion 

Bank erosion is not usually a problem in big 
rivers. We have no regulations or norms for 
turbidity. 

The above was Mr. T. Kovanen's answer to your inquiry. 
If you wish further clarification you may contact 
Mr. Kovanen directly. 

We also forwarded a copy of your letter to our sister 
companies Kemijoki Oy and Oulujoki oy, who have 
designed and are operating hydro power plants in 
Northern Finland. Unfortunately even they did not 
have any particular reports on this subject. 

We hope the above information, even if short, will beof 
some help to you. 

Yours very truly, 

for IVO CONSULTING ENGINEERS LTD 

Sune Norrback 
Executive Vice President 



INSTITUT FUR WASSERBAU UND KULTURTECHNIK 

VERSUCHSANST AL T FOR W ASSERBAU 
'"Theodor-Rehboc:k-LaboratoriumM 
UNIVERSITAT KARLSRUHE 
Leiter: o.Prof. Dr. Tec:hn. Peter Larsen 

Mr . David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
15o South Wacker Drive 

Chicago, Illinois 6o6o6 
USA 

Dear Dave: 

Postansc:hrift: 
Universitlt Karlsruhe 
lnstitut fUr Wasserbau 
Kaiserstr. 12 
D-1SOO Karlsruhe I 

Telefon: (0721) 608 21 94 
Telex: 07-826 S21 uni d 

lhrleichm: 

u...-Zeichm: PL I IB 
s.chbatbeiter: Prof • Larsen 

Karlsruhe. den October 19, 1984 

In answer to your telegram, directed to Prof. Mosonyi, I would 
like to suggest that you contact the Swedisl. State Power Board 

(SPB), where you might get some useful information. Their major 

hydro power developments are situated in northern Sweden and in 

several cases involved reindeer country. Moose are also abundant 

in some areas and of course ice during about 5 months of winter
time . My successor at the Xlvkarleby Labo~atory, SPB, Dr.L.BiUfalk, 

Director, Xlvkarleby Laboratory., S-81o7o Xlvkarleby, Sweden, has 

specialized in ice problems. 

Being an IAHR member you of course are aware of the Section on 

Ice Problems and its numerous symposia proceedings. Also POAC is 
a source of information. Your Canadian neighbors you probably know 

better than I do. 

I take this opportunity to announce the change of directorship 

of the Theodor Rehbock Laboratory, that took place April 1, 1983. 

Prof. Mosonyi enjoys a status of emeritus and still has an office at 

the institute. 

Yours sincerely, 

I 
I • 

(Prof.Dr.Techn.Peter Larsen\ 
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Herrn 
Dr. David S. louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago 
Illinois 60606, USA 

Betr.: Informat i onsmaterial; 

.(0221) 

681-3465 
Detum 

8. November 1984 

hier : Stand der Technik auf dem Gebiet des Schutzes gegen 
Eisschlden 

Bezug: Ihr Telegramm vom 24.10.1984 

Sehr geehrter Herr Dr. louie, 

fOr Ihr Schreiben vom 24.10.1984 ~owie Ihr Interesse fOr die 
Belange des Umweltschutzes danke ich Ihnen. 

Zustlndigkeitshalber habe ich Ihr Schreiben an den Deutschen Verband 
fur Wasserwirtschaft und Kulturbau e.V. weitergeleitet. Von dort 
erhalten Sie weitere Nachricht. 

Mit freundlichen GruBen 
Im Auftrag 

Malek 

Nr. a ·----...... lilt. I IC8r'-' lkn ..... t• , e .......... T... T..._ T ...... 
Nr. . ...... •• • Nr. 7 .......... ., Nr. t·l:tlt•t ··- .,., ... ., .... 
Nr. I .._ li(8ll .... I Nr. I HIM ..... !" Nr. 7. 1: •• , 

... -...--. •• ..--....., w •--• ..., • ., •• I&Z••• · ,....,..,. .. IQI? ,~ ..... cazmt•IIOI 



THE MANAGING DIRECTOR 

Dr.David S. Louie 
Chief Hydraulic Engineer 
Harza Engineering Company 
150 South Wacker Drive 

Chicago, Illinois 60606/USA 

Subject:- Ice Control Engineering 

Dear Dr. Louie, 

=rJVWK 
OUicftlr ~ tOr Willllrwitlel'llft und KuiUblu t .V. 
OVWK · Gludclh8t 2 · D-5300 Bonn 1 ·Ttl. (02 28) 63 14 46 

Ref . No. 4.5.2.2/DI/Gi 

Bonn, October 31, 1984 

Thank you very much for your cable of 24th October, 1984, 

requesting information and detailed literature on the above

mentioned subject. 

The enclosed text of your cable was sent to the relevant experts 
of our Association, ~amely: 

and 

Prof.Dr.-Ing. Hans Blind 
Technische Universit~t 
Arcisstr. 21 
D-8000 MUnchen 2 

Prof.Dr.-Ing. Karl Heinz Idel 
Potthoffs BOrde 15 

D-4300 Essen 1. 

I am sure, you will hear from our specialists in due course. 
For your information I enclose in English a pamphlet on the 
structure, tasks and activities of our organization. 

With kindest regards, 

Sincerely yours, 

or.-Ing. w. Dirksen 
Secretary, ICID National Committee 
of the Federal Republic of Germany 

c.c. Prof . Dr.-Ing. H. Blind; Prof.Dr . -Ing. K. H. Idel 

l<onlln: 5pertl.-Bonn 31 023 211 (Bt.Z 380 500 00) . Posllc:hec:Qrnt l0n 1450 06-500 (Bt.Z 370 100 50) 



Cable 24th October, 1984 

from: Or. David s. LOuie, Harza Engineering Company, 
150 South Wacker Drive, Chicago, Illinois 60606/USA 

Text: 

Attn.: Or.-Ing. w. Dirksen, OVWK, Gluckstr. 2, 5300 Bonn 1 

Gentlemen: 

We are conducting a literature search and writing to various 

agencies and specialists to survey the state-of-the-art in 
ice control engineering which affects the environment. We would 
appreciate any information you and/or your organization could 
offer or suggest names of persons and organizations which we 
might contact on the following: 

One - Procedures or operating polic.ies used in the control of 
ice levels in rivers downstream and upstream of dams and 
hydropower plants caused by environmental water releases 
and power generating flow fluctuations in order to minimize 

the formation of ice jams and more importantly to minimize 
the associated flooding. 

Two - Environmental impact on terrestrial animals such as 
caribou, elk, bear, moose, etc. Due to the formation of ice 
on wet reservoir banks exposed by reservoir drawdown or due 
to reservoir surface ice which has broken up at the banks. 
This ice may cause the animals to lose their footing and 
slip into the reservoir, resulting in injuries or drownings. 
What procedures, if any, have been adopted to minimize this 
hazard? 

Three- The method of reservoir fluctuation management or precautions 
used in order to control the width of opening and pattern of 
crack development in the ice sheet such that after snowfall 
with cracks covered, the traversing animals would not fall 
into and be trapped in the cracks. 

-2-
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Four - Problems of bank erosion caused by break-up and movement 
of ice resulting in increase of sediment in the reservoir 
and in the river downstream. What is the permissible degree 

of turbidity in parts per million or its equivalent that is 
acceptable for aquatic life such as salmon, trout, etc . ? 

Please send reply to the attention of or.David s. Louie, 
Harza Engineering Company, 150 South wacker Drive, 
Chicago, Illinois 60606/USA 



VITUKI - VIZGAZDALKODASI TUDOMANYOS KUTAT0KOZPONT 
HA~HO-MCC/tfJI08Arv.cKMA ~ IIOJIHO(O X03M'tCT8A. IISIMCH CfHfllf FOI WArtt tfSOUtCfS DMlOPMENT 

CEHTII Of lfCHfiiCHfS DES IISsouec:tS IMIIAWOUES e FOHCHUNGSZEHTIIJM FIJI WASSfiWtiTSCHAFT 
fSI'lOIA CfHIIO POll IIICYOMo\SliUMADO e C!MTIO Of IIMSllGAOOfiES PAIA fl DfSAttOilO Df lfCUISOS HIDttCOS 

BUDAPEST- BEHrPHA e HONGRIE e HtiNGARIO e HUNGARY e UNGARN e HUNGRIA 

Nt: :-: . . : i~-
. 

-·~ .. -· .·. 
Ref.: 

Budapest, 19 ~ - ...; :: :::v .. 
• • '"'l7 ... ,-"" - ·• -- . .. - . ........ 
t J, \o U-• \ .. ~. I V .:.. t ~ .;...:. , llo -1 • ..J 

l~l .... ou t:1 :ac ;1~ r .J r .:..vo 
..;;, i caa o : ::. 6CouG 

us;, 

Dear Sirs, 

V=tt:! Recdvecl 
·~ :J :.~~ T3 

,., • • D • • :=..z!)jtcl estp!!tiol 

~eferr~nQ to your cable n o 244.21 165: I su9sos: ~ u 

c on tact i n relation to que s tion 1 an cl 2 

-_... .. .... 
-- I .. 

.Jcc t j.on on :Lee. r o~lc::\s 

r- r of . ;J . F .I~ennedy, Di rector, Io·:ta I ns ::it u t c of tl~1ci rculic 

~csoarc l1 Univers i ty of Io:·ta, !O\'Ja City , :o:•Jo 5~24C. 

I n relation to quesri on 2 I havo no s t r cng fo3:~n g . 

You r.1ay t r y ·co contact 

~o~ rd, Ci v i! 2n : i ne eri n g , S- 152 G7 Val:~n~by. 

- ;; ;- . ~ .v . ::anDvin , :i:cc C. f fi~~ , .:a ;: e r .!:J s .:.u r c .~ s on C: 
... . . 
: .:_ .;C ~ r:... t-: :.;:' 

;Joa r c , rli cidol ·.:~ r c:ni ::; t 2J , Cslo 3 . 

Yours sincc r:J ~'/ 

Moil: VITUIU. H-14U •••••" 'f. rl. e T•l•phoM: -1-DI .. e Telegram: Vl.,.ja, W.pe~t e Telex: DAHt-lt 



SCHWEIZERISCHES NATIONAlKOMITEE FOR GROSSE TALSPERREN 
COMIT£ NATIONAL SUISSE DES GRANDS BARRAGES -. 
SWISS NATIONAL COMMITIEE ON LARGE DAMS 

Prasident: G. Lombardi 
Via A Ciseri 3 
CH-6601locarno 
Tel. (093) 316041 

Sekretariat: C/o lngenieurbUro fi.ir 
bauliche Anlagen 
der Stadt Zurich 
Postfach 6936 
CH-8023 Zurich 
Tel. (01) 435 26 03 

Ice control engineering 

Dear Sirs , 

Or. Dav i d S. louie 
Harza Engi neer i ng Company 
150 South Wacker Dr i ve 

CHICAGO Illinois 60606 
USA 

Zurich, 12th december 1984 Bf/ mb 

according to the distributi on of your questionna i re i nsi de Switzer l and 

we admit, that question Nr. 1 will be answered by ETH-Zurich. 

Concerning Nr. 2 and Nr. 3 we have never heard of accidents with 

animals due to ice covered reservoir banks. Normally the i ce on the 

reservoir banks is covered with snow, which avoids animals to s li p 

down. Hunters too, did not report on such kind of accidents. 

Also your question Nr.4 seems to make no important problems in our 

country , since we have had a three days symposium on reservo i r 

sedimentat ion in october 1981 at the Swiss ·Federa l l nst i tut of 

Technology i n Zur i ch and nobody reported on increase of sedimentat ion 

in the reservoir due to ice act i on . 

- I 
, / I 

~":"'\. . 

Very trouly yours 

SWISS NATIONAL COMMITTEE 
ON LARGE DAMS 

The Secretary : 

/z 
R. Bisc hof 

r-----

e--~ 

SdlweiHnKhe< lriv«ein 
Potcf«ff 
1701 Friboura 
Konto: No. 2)5.200.2 
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Harza Engineering Company 
150 South Wacker Drive 
Chicago, Illinois 60606 

U. S.A. 

., 

...J 

Your,., 0··· 

November 6, 1984 

Attention: David s. Louie 

Subject: 

Chief Hydraulic Engineer 

Ice Control Engineering 

Your telegram of oct. 31. 

Dear dr. Louie, 

Environmental impact due to ice formations at dams 

and hydropower plants is very limited here in Iceland 

and I am not aware of any Icelandic literature on 

the subject. 

There have been some problems due to increased 

winter discharge after construction of power plants 

and reservoirs and minor remedial works (levees) 

have been carried out. However I think that the 

operation is solely governed by the power demand. 

We do not know of problems in connection with cracks 

or broken up ice at reservoir banks. In most cases 

the ice cover follows the ~ater level fluctuations 

without opening up. 

Problems with turbidity due to erosion by ice are 

irrelevant compared to other sediment problems. 



·- · ·-y 
. ; / 

. J . November 6, 1984 2 

For further i n formation I suggest that you contact 

The National Power Company (Landsv irkjun, Haaleitis

braut 68, 108 Reykjav i k ) and The Nature Pre servation 

Council (Natturuverndarra6, Hverfis;rata 26, 101 Reykja

vik) . 

Very truly yours, 

~(YYl~~~~ 
Sigmundur Freysteinsson. 



Dr. David s. Louie 
Chief hydraulic engineer 
Harza Engineering Company 
150 South Wacker Drive 
Chicago 
Illinois 60606 
U.S.A. 

Dear Sir. 

2,.00 

9/11 1984 

In reference to your telegram dated 17/10 1984, I am afraid 

there is little I can do to help. I have contacted several indi

viduals and agencies in Iceland in connection with your request. 

The questions you ask have been little studied in Iceland as these 

have not become problem areas in our hydraulic management. It 

might be more profitable for you to hunt for information in Norway 

and Sweden whe re reservoir management has been and still is an 

issue of major concern. 

Sincerely yours, 

~ ·--- , 
I . I . '" 
~,, ' '"' ~)' ""._. 

Tumi T6masson 

PS I am sorry about the late reply, but your telegram got 
delayed by a strike by city and state employees in Iceland. 
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INSTYTUT IUOOWNICTWA WOONEGO INSTITUTE OF HYDROENGINEERING 
P 0 L SKI E J A K A 0 EM I I N A U K OF THE POLISH ACADEMY OF SCIENCES 

80-953 GOANSK-5, CYST&ISOW 11, Tel. 52·20-1 I 

T..._ 0512145 IIWPl 

Dear Sir, , 

G~ .. . • 1- 'T 14 " I, 
.... .. ....... ..... ~~.~.~.:-~ .. t.. .. ~~~.~~.~... .. •19 u ' r 

<lr uavill S. i..O UL 

150 Sou t l1 \iacl.:o::;: Drive 

CHICAGO, I~~inoi3 60606 
US A 

AnswerinG to your te~e: dated Oct. 19,1984 "t'le 1iou1cl ~il~o 

to in£orm you that the Institute does not carry the Scic: ll;i£:i..c 

research in the f'our mentioned pl.,ob~eus. Some or the prou1octs 

concerninc tho topics you are interested ill co~lll ~a r ound 

in 'i;~1e f'o1~0't'llllG pu<l~ications: 

1/ r:olodko J. , Jacko\ls!•i. D. : 

Ja.mz:tinb "tendency o:r i'1oati.ng ice i.n rivers a. .. 1d r os c r v o.i.c::;, 

IAIIn Ice Syr.tposi.l.'l1 19G4, Ha.rnburc;, .\uc-ust 27-31, 

Procoedi.nss, Vo~. I., pp 251-25L•. 

2/ l·laj ewaki. ii. : 

Bacl;.l·Jator prof'i~e~ on hydroe~ectric reservoi-r \iith ice 

cover LUiR Ice S)'1llpos:LU1i1 198!~, I:a.mbuJ.,g, Augt.!S t 27-3 '1, 

Proceedings, Vo1. I., pp 255-264. 

'J/ l~o lodl:o J. , Jacl~o"t·rski n. : 
Ice :floods Ct\useu by 't·r:i.l1.d notion. Procoodir:~!l oi' t~1o 

Interna tiona1 Co:ll'oronce on I!ycL.""tl.ulic Dcsic n in ::a i;c : 

!lesou.l.,cos ErJ.bineeri.n~: Clm.nne1s n:1d Cbanno~ CoHtrol 

Str uctur es, Southampton, 11-13 Apri~ 1934. 

Your te~o;;. llas been sent to Hydropl.,ojel~t i.n 1Hoclaliel: l·rlu.:::oc 

some of' the above mentioned subjects are i.nvos·i: icated. 

Vith ~d regards, 

Yoars sincc~clly, 

Diractor of the I &stitutc of 
IIydroeneL• oori ll6 of ·;;ho 
Polish Academy o~ Sciences 



l Bi llfal k 

Dear Dr louie, 

1984-10-30 Ul-LB/gp-023 

Dr David S Louie 
Harza Engineering Company 
150 South Wacker Drive 
Chicago 
111 inois 60606 
USA 

I have received your cable regarding various ice problems 
affecting the environment and will try go give some answers 
to your questions. 

Regarding question no one I can refer to experience from 
recent tests in Sweden on "Controlled ice cover formation". 
The result of these tests are summarized in the enclosed 
paper from the recent IAHR-Symposium in Hamburg. 

Regarding questions two and three I have contacted the 
Environment and Concession department within our company. 
As far as they know there are no injuries or drownings of 
animals reported as a result of icing of banks or shore 

·cracks in the ice covers . Some potential problems related 
to the need for reindeers to pass regulated rivers have 
been discussed when planning for new hydro power stations 
and in some cases the Power Soard has constructed special 
reindeer bridges where "natural crossings" cannot be used 
any more. 

Regarding your fourth question I have asked the Environment 
and Concession departement to prepare an answer. There paper 
will be sent to you as soon as I get it. 

Sincerely yours 

/ 
•. . . . 

Dr Lennart Billfalk 
Director 



.... _ . ......... ' ... .... ·. '2'--: --: ... ~ -.. If!'"-
~ · ! l~ . , ,-,. .... -'-'-~ -· .._._~ 

~.rrr:. l Billfal k 

Dear Dr Louie. 

t ..... ,. .•. ~ .. 

1984-12-14 LB/gp-023 
• • r . . ... 

Dr David S Louie 
Harza Engineering Company 
150 South Wacker Drive 
Ch.icago 
Ill i no is 60606 
USA 

' . 

Please find enclosed our answer to the remaining fourth question 
in your October cable. 

Sincerely yours 
/ , 

.. ~.~~/~~C( 
Dr Lennart Billfalk 
Director 

·.: \'t~,\ HLEB) LA iiOR.\ l OIH 

I ., .,,'"· 1 .·.~··-
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Request £rom Harza Engineering Company 

Referri n g to the request, dated oct 18 1984, c onc erning 

some potential eff e c ts of water regulation, the fo llowing 

comments may b e given: 

The formation of ice on the reservoi r banks is not c on

sidered a problem £or reindeer and moose in northern 

Sweden. One has distinguished the risk but inqpi ries 

and observations have indicated that it must be of' 

minor importance as a mortality £actor. This conclusion 

is also applicable to the question of crack formation 

due to water regulation. 

Bank erosion in connection with the movement of ice 

is a common phenomenon i North Swedish rivers. Normally 

the load of suspended particles is far below the amount 

causing damage to £ish. The kind o£ soil, dominating in 

n orthe rn Scandinavia, consists of comparatively coarse 

particle s, and problems only arise in connection with 

construction work. 

I have not been able to trace any publications on the 

Swedish experiences in the above fields . The work most 

£requently referr~d to with respect to the last topic 

is a report by the European Inland Fisheries Advisory 

Commission (EIFAC). The English title i s un~•own to 

me, but the Swedish translation indicates tha t it is 

a n interim report dealing with fine partic ulate solids 

and fishery . 

I hope the above inform~tion may be of some use. 

Bjorn Svensson 

ecologist at the hydro power department 
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