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NOT ICE : The pro j e c t  t ha t  is the sub j e c t  o f  this report was approved 
by the Governing Board of  the Nat iona l Research Counc il , whos e  members 
a re d rawn from t he counc il s o f  t he Nat ional Academy of Sc ience s ,  the 
Na t ional Academy of Eng ineering , and the Ins t itute of Medic ine . The 
members of the pane l re s pons ib l e  for t he report were chosen for the ir 
spe c ial compe t ence s and with re gard for appropriate balanc e . 

Th is report has been reviewed by a group ot he r than the authors , 
ac cording to procedure s approved by a Report Review Commit t ee 
cons is t ing of members of t he Nat iona l Academy of Science s ,  the 
Na t ional Academy of Enginee ring , and the Ins t itute of Medic ine . 

The Na t iona l Research Council was e s tab l ished by the Na t ional Academy 
of Science s in 1916 to a s sociate  the broad community of  s c ience and 
technology with the Academy ' s  purposes of furthering knowledge and of 
advis ing the fede ra l  gove rnment . The Counc il ope rates  in accordance 
with gene ral pol ic ies dete rmined by the Academy under the aut hority of 
it s congre s s iona l charter of  186 3 ,  which e s tab l ishe s  the Academy as a 
private , nonprofit , s e l f-governing membership corporat ion . The 
Council ha s become the princ ipa l  ope ra t ing agency of both the Nat iona l 
Academy of Science s and t he Na tional Academy of Enginee ring in the 
conduc t of their service s to the government , the pub l ic , and the 
s c ient ific and engineering communit ie s . It is adminis tered joint ly by 
both Academie s and the Ins t itute of  Medic ine . The Nationa l  Academy of 
Enginee ring and t he Ins t itute of Medic ine we re e s tab l ished in 1964 and 
19 7 0 ,  re spe c t ive ly , unde r the charter of  the Nat iona l Academy o f  
S c ience s .  

Th is report repre sents  work s ponsored by a Memorandum of Unde rstand ing 
be tween the Interna t iona l Joint Commis s ion ( United State _s and Canada )  
and t he Na t iona l Academy of  Science s .  
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PREFACE 

Thi s report i s  the re su l t  o f  a reque s t  from the Interna t iona l Joint 
Commi ss ion-Uni ted States  and Canada ( IJC) to the Nat iona l Research 
Counc i l  ( NRC) to a s s i s t  in reso lving i s sue s assoc iated with the ice 
boom located at  the ent rance to the Niagara Rive r ,  New York and 
On tario . 

The Lake Erie-Ni agara Rive r Ice Boom has been o perated dur ing the 
pas t 18 years to prevent the format ion of ice j ams tha t  would  reduce  
powe r produc t ion a t  hyd roe lec tric p lant s  u s ing wate rs of the Ni agara 
Rive r .  The boom appears to have reduced subs tantially  the numbe r and 
seve ri ty o f  ice j ams in the rive r ,  but some people have conte nded that 
an i nadver tent re sul t of the boom has been to produce de trimenta l 
c l ima t ic e f fec t s  i n  the Buf falo , New Yo rk , and Fo rt Erie , Onta rio , 
area by re tain ing ice on Lake Erie l a te r  into the s pring than wou ld 
o the rwise occur.  Pas t  sc ient i f i c  examinat ions of  this i s sue have 
conc luded the boom's wea the r impac t to be ins i gni ficant . Ye t ,  some of 
the pub l i c has re j e c ted thi s  gene ra l conc lus ion and , ins tead , 
a t tributed add i t iona l impacts (e . g . , ne ga t ive e f fe c t s  on f i sherie s ,  
boat ing, and sho re l ine s tab i l i ty )  to the boom . Thus , des pite the 
great numbe r o f  s tud ie s tha t have been pe rformed, the IJC ' s  ab i l i ty to 
carry out i ts func t ions wi th re spe c t  to the i ce boom has become 
compl ica ted . Th i s  re po rt re presents the IJC's a t temp t to re solve the 
i s sue s on we l l-f ounded pr inciples o f  science and techno logy . 

The Pane l on Ni agara River Ic e Boom Inve s t iga t ions o f  the Wa te r 
Sc ience and Te chno logy Boa rd was appo inted by the Commi s s ion on 
Phys ical Sc iences,  Mathemati c s , and Re sources o f  the NRC . The NRC i s  
the ope rating and advisory arm o f  the Na t iona l Academy of Sc iences and 
the Nat iona l Academy o f  Engineering .  Pane l i s t s  were chosen for the i r  
s pec ial  experti se and expe rience i n  me teorology , ice mechanics , 
geography, f i she r ie s b iology ,  and othe r  d i s c i p l ine s ne ce s s ary to the 
pane l 's charge as  del ineated in the Int roduction ( Chapte r  1 ) . The 
pe rs ons selec ted to be me mbers of thi s pane l we re sc ient i s t s  who not 
only had expe rtise re lat ive to the i s sues i nvolved but also had no 
real or pe rce ived b iase s concern ing the ope ra t ion of  the ice  boom . In 
add i t ion to the pane l i s ts ,  othe r expe rt s we re consul ted . These 
"res ource pe r sons " were ab le to provide his torical fac t s  and 
information re levant to the i s sues  that could not have been ob ta ined 
e l sewhe re , and the pane l is gra teful for the i r  cont ributions . 

v i i  
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The pane l ' s  find ing s and recommendat ions a re summarized in the 
f irs t s e c t ion of t he report ( pp .  1-3) , and s upport ing d is cus s ions a re 
contained throughou t the body o f  the re port . Brie f ly , t h e  pane l f ind s  
t h a t  the negative impac t s  o f  t he boom a re n o t  nearly as  great as a 
large port ion of  t he pub l ic pe rceive s t hem t o  be , but a t  t he s ame 
t ime ,  t he ice c on trol c apab il it ie s  o f  t he boom and as sociated bene fits  
are s omet ime s ove re s t ima ted by  thos e  persons des iring t he boom . 
Fu rthe r,  the pane l recognizes t he eno rmous value t o  t he pub l ic of  
Niagara Rive r hyd roe lec t ric re sourc e s . Partia l  or tot al interrupt ion 
o f  gene ration a t  these f ac il it ie s  wou ld be e x t reme ly c o s tly and has 
the potent ia l  ( in the case o f  a se rious mid -win t e r  interrup t ion ) o f  
caus ing a near d is a s te r  i n  New Yo rk powe r generation . There is no 
�eas ible  a l terna t ive to the pre s ent s t ructure . Howeve r ,  t he IJC and 
the p owe r entit ie s s hou ld g ive c areful considera t ion to modifying 
springt ime boom remova l prac t i c e s  as recommended by the pane l . 

The chairmanship o f  this pane l has been a gra t if ying and enriching 
expe rience . The pane l is t s  and re source persons wil l ing ly vo luntee red 
much time and couns e l  and deserve c re d it f o r  t he sub s tance and 
re commendat ions found in this report; al l devoted expert is e  and 
enthusiasm to  the ir t a sk s . The ir reward wil l be measured by t he l eve l 
of ac cep t ance of  the conc lus ions and recommendat ions of this repo rt . 
The p ane l is gra te ful  to  the s ta f f s  o f  t he NRC and the IJC for t he 
support tha t  enab led the pane l t o  focus quick ly on the assigned task 
and to  c omplete i t  on time . 

S pe c ial ment ion is made o f  the outs tand ing support and a s s is tance 
provided by S t eve Parke r ,  She il a David , and Jeanne Aqui l ino , of the 
Wa t e r  S c ience and Te chno logy Board s ta f f , without whose work t he pane l 
woul d  no t have been ab le t o  comp l e t e  i t s  a s s igned task s . 

Har ry L .  Hamil ton , Jr . , Chairman 
Pane l on Niagara River Ice Boom 

Investigat ions 

Nove mbe r 19 83 

vi i i  
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SUMMARY OF F IND INGS AND RECOMMENDATIONS 

F IND INGS 

The pane l cons ide red that i t s  mi ss ion bas i ca l l y  wa s to addre s s  whe t he r  
t he Lake Erie-Ni agara River  Ice Boom h a s  a c l ima t ic e ffect  i n  the 
Buf f a l o/Fort  Erie re g ion , and i f  so , to de te rmine the magni tude of 
that  e f fe c t  and wha t  a l te rnat ive i ce contro l s t ra tegy could be 
implemen ted tha t woul d have less o f  a c l ima t i c  e f fe c t .  

We s ummarize our f ind ings in re l a t ion to  our f ive tasks 
(unde rl ined ) .  Persons with s igni f i cant int e re s t  in the i c e  boom are 
urged to read the ful l report , wh ich inc ludes extens ive . background 
ma te r ial  and is pre sented in a s t yl e  tha t should be comprehens ib l e  to 
the general pub l ic .  Append ix F def ine s technical terms used in the 
context of the re port . 

1 .  Review a nd comme nt on the s c ien t i f i c  bas i s  for the conclus ions 
reached in  previous s tud ies re l a t ing to pos s ible c l ima t ic effe c t s  of  
the  i ce boom. Previous s tudie s , taken ind ividua l l y, are inconclus ive 
in demons tra t ing whe the r the ice  boom ha s a loca l c l ima t i c  e f fe c t , 
mo s t l y  be caus e o f  insuf f i c ient data . The s tud i e s  do , howeve r ,  
correc t l y  conc lude tha t a c l ima t i c  e f fect , i f  pre sent , doe s no t ext end 
as f ar as the Buffalo  a i rport . These s tud ies  a l so show tha t  the re has 
been a gene ra l coo l ing in the Buf falo a rea s ince be fore boom 
i ns ta l la t ion , but this  i s  part of a regiona l cool ing trend and i s  not 
caused by the ice boom. 

The pane l sought evidence of  a temperature e f fect  beyond the we l l  
known s i gni f i cant cool ing on Lake Erie shore s ide (up t o  3 mi or 5 km 
inland ) produced b y  the l ake i t s e l f. The add i t ional coo l ing 
a t t ributab le to the ice re ta ined by the boom ,  even i f  kept in place  
unt i l  ice  out , i s  cons ide red minute . Ba sed on previous s tud i e s  and 
ana l yse s of add i t iona l  c l ima tologica l da ta , the pane l f ind s tha t t he 
ice boom wi l l  c ause no coo l ing to loc a l  c l imates i f  i t  i s  removed when 
t here i s  2 50 mi 2 (6 50 km2 ) o f  ice rema in ing on Lake Erie . 

2 .  Recommend a moni toring pro gram des i gned to re so lve t he 
que s t ions as to the amount and extent of mod i f icat ion to the loca l 
c l imate,  i f  any ,  b y  t he i ce boom. Th e  extent , durat ion , and magn i t ude 
of the c l ima tological  e f fe c t  tha t mi ght occur is ve ry sma l l in 
re l a t ion to na tura l  wea the r  var iabi l i t y  in t ime and s pace . The pane l 
f i nds tha t a moni tor ing program i s  no t requ i red , because any 
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long-term moni toring program woul d  be e laborate and expens ive and 
would be unab le to de te c t  any boom-re l ated e f fe c t s . 

3 .  Ut i l i z ing  exi s t ing da ta and expert judgment , asse s s  t he 
re l a t ive mone tary and nonmonetary e ffec t s  of a f lexib le versus a fixed 
date for i ce boom remova l .  Al l informat ion ava i l able  leads the pane l 
to conc lude tha t during the colde r part of the yea r ,  the i c e  boom has 
demons trable , s i gni f icant l y  bene f i c i a l  e f f e c t s  in that it  reduce s 
powe r gene ra t ion inte rrupt ions a l ong the Niagara Rive r and has no 
apparent nega t ive impac t s  on othe r inte re s t s . 

During earl y s pr ing , due to  the increased solar hea t i ng and 
reduced s trength of the i ce , the i ce-re s train ing bene f i t s of the boom 
are reduced wh ile  the probab i l i t y  o f  a local , sma l l -scale  cool ing 
e f fe c t  increa se s . The pane l f ind s tha t  except in the pre sence of  
extens ive s pr ing ice  cove r ,  ne t bene f i t s of  the boom afte r the 
b e ginning o f  Apr i l  have no t been demon s t ra ted . 

4 .  Asse s s  the ice boom ' s impac t on local and downs t re am 
inte re s t s .  The i ce boom ' s  impac t s  o n  local and downs t ream inte re s t s  
inc lude a s igni ficant bene f i t  to both the hyd ropowe r produce rs  and the 
consumers , part icularl y during ice format ion and mature ice s tage s 
( De cembe r  to March) . The boom ' s e f fe c t ivene s s  in re tain ing ice  du ring 
the i ce d i s s ipat ion s tage in Apr i l  i s  much sma l ler,  and the re sul tant 
bene f it s  are d iminished . The re is a l s o  a f lood con t rol  bene f i t  t o  
l o c a l  and down s t ream inte re s t s  in that i ce-jam-re lated f looding is  
re duced somewhat . No nega t ive impa c t s  of the ice  boom on navigat ion , 
e ros ion , and f i she rie s could be demons tra ted wi th the ava i l ab l e  data . 

5 .  Asse s s  a l te rna t ive concept s  to the current ice  boom tha t wou ld 
e l iminate o r  reduce poten t ial for local  c l ima te modif i cat ion, shoul d  
mod i f icat ion i n  f ac t  exi s t .  The pane l conc luded that there i s  no 
feas ible al terna t ive tha t woul d  produce e f fe c t ivene s s  comparab l e  to 
that o f  the pre sent i ce boom . Al t e rnat ive conce p t s  cons idered b y  the 
pane l and de s c r ibed in Chapte r 5 woul d be e i the r more cos t l y  or l e s s  
e f fect ive or  wou ld have s igni f i cant l y  greater  nega t ive impacts  than 
the pre s ent ice boom .  

RECOMMENDATIONS 

The pane l make s the fol lowing re commenda t ions : 

1 .  The boom should be opened b y  Apr i l  1 and removed for the 
summer a s  soon as  prac t i c a l ;  

2. I f  o n  APr i l  1 i ce cove r s urve ys show that the re i s  more than 
2 5 0  mi 2 ( 650 km2 ) o f  i ce e a s t  of  Long Po int , the boom open ing may 
be delayed un t i l  the amount o f  ice rema in ing in the eas tern port ion of 
Lake Erie has d imin i shed to 2 5 0  mi 2 ( 650  km2 ) .  

The p ane l ' s  recommenda t ions a re based on the fol lowing 
cons ide rat ions : 
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• After abou t  Apri l  1 ,  the probab i l i t y  o f  new i c e  format i on in 
Lake Er i e  is  sma l l  because of  the amount o f  solar radiat ion ava i l ab le 
during the dayt ime and the dimini shed length o f  the nigh t t ime cool ing 
period . 

• Af t e r  abou t  Apr i l  1 ,  the internal s treng th o f  Lake Erie i ce i s  
cons i derab ly l e s s  than tha t o f  new winte r i c e  and i s  de creas ing 
rapid l y. 

• Af ter Apr i l  1 ,  the f l ow o f  wa t e r  ove r  Ni agara Fa l l s during the 
dayl i gh t  hours increas e s  from 50 , 000 cub i c  fee t per second ( 1 41 5 cub i c  
me ters per s econd ) t o  100 , 000  c fs ( 2 83 0  ems ) , thereby increas ing the 
amount of wa ter ava i l ab l e  for i c e  tran s por t . 

• Af t e r  the winter l ake i ce c over has d imini shed to  about 2 50 
mi 2 (6 5 0  km2 ) ,  the movemen t o f  ice into the Ni agara River can 
be come o f  equa l s i gn i f i cance t o  in-l ake me l t ing in reduc ing the amount 
o f i ce remain ing i n  the l ake . 
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INTRODUCT ION 

Fo l l owing a trea ty be tween the Uni ted S ta te s and Canada in 1 9 5 0  tha t 
au thorized inc reased d ive rs ions of the Niagara Rive r ,  the Powe r 
Au thori ty of the S ta te of New York (s ince renamed and he reaf te r cal l e d  
New Yo rk Powe r Authori ty or NYPA) and On ta rio Hydro ( j oin tl y  referred 
to as the powe r en ti tie s )  ins tal led ove r a pe riod of years addi tiona l 
hydroe lec tric gene ra ting c apac i ty tha t became ful l y  ope ra tiona l by 
1 961 . The Niagara River has always carried ice in the win te r and 
spring , and in the pas t the powe r enti ties used ice breaker boa ts and 
bu i l t various s truc ture s  in the river  to con tro l  the ice . During the 
win te r  of 1963-1 9 64, par ticularl y des truc tive ice j ams occurred on the 
Niagara Rive r ,  caus ing severe f l ooding and ve ry cos tl y powe r 
genera tion d i s rup tions , and demons tra ted the need for addi tional ice 
con trol . In the win te r  of  1964-1 96 5 ,  wi th approva l from the 
In terna tional Jo in t Commis s ion-United S ta te s  and Canada ( IJC) , the 
powe r en ti ties began to opera te the Lake Erie-Niagara Rive r Ice Boom 
on a seasona l bas is a t  the head of the Niagara Rive r. 

The boom is in tended to mi tiga te downs tream ice j ams by redu c i ng 
the f low of lake i ce in to the rive r. The func tions of the boom are to 
accel era te the forma tion of a s ta ble ups tream ice cove r ,  reduce 
movemen t in the cove r wh i l e  it  is be ing formed , and provide add i tiona l 
s tabi l i ty to the downs tream edge of the na tura l a rch , thus minimi z ing 
a rch e ros ion caused by the b reak ing o f f  of  i ce pieces a t  the ice /wa ter 
in te rface . Fi gure 1 shows the Niagara River and the loca tion of  the 
i ce boom , which ex tends a d i s tance of abou t 8800 f t  ( 2680 m) from near 
the Canadian shore almos t to the Buf falo shore . The boom cons i s ts o f  
a l ine o f  f lo ta tion buoys and large timbe rs a t tached b y  cha ins to a 
s tee l cable s pann ing the ou tle t and anchored to the bed of Lake Eri e . 
Al l re s pons ib i l i ties a s s oc i a ted with the ice boom are join tl y shared 
by the powe r en ti tie s , and ope ra tion of the ice  boom i s  regu l ated b y  
the IJC. 

The ice boom has been e f fec tive in les s en ing (bu t  no t to ta l l y  
e l imina ting ) ice runs , and the powe r enti tie s are sa t i s f ied tha t the 
boom f unc tions as in tended . Howeve r, a t  various hearings and o ther 
pub l ic forums , que s tions have been ra i sed abou t pos s ible nega tive 
impac ts o f  the ice boom and the cri teria for boom remova l in the 
spring . The mos t  common l y  a i red concern i s  tha t the boom re ta ins i ce 
for s igni f ican t periods in the s pr ing each year , resul ting in reduced 
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tempera tu re s  in the Buf fa l o  vi c ini t y. S tud i e s  o f  mi c rome teorology , 
c l i ma t i c  s ta t i s t i c s , and the operat i on o f  the i ce boom h ave been 
conducted in response to the s e  concerns . Thes e  s tud i e s  conc luded that 
the pre s ence o f  the b oo m  has c aused no s igni ficant a l tera tion o f  the 
Buffalo area wea ther .  

Ne vertheles s the i s sue s t i l l  pers i s t s ,  and because o f  the 
s i gni fi c ance o f  the i s sue the IJC reques ted the Nat i onal Research 
Counc i l  (NRC) to p e rform the fol l owing t asks : 

1 .  Review and c omment on the sc ienti f i c  bas i s  for the conc lus i ons 
reached i n  previous s tudies relating t o  pos s ib l e  c l imat i c  e f fe c t s  o f  
the i c e  boom ;  

2 .  Re commend a mon i toring program( s ) des i gned to resolve the 
ques t ions as  to the amount and extent o f  mod i fi c at ion to  the loc al 
c l imate , i f  any , b y the i ce boom; 

3. Ut i l i z ing exi s t ing data and expert j udgment , ass e s s  the 
re lat ive mone tary and nonmonetary e f fe c t s  of a f lexib le versus a fixed 
date for ice boom remova l ; 

4 .  Ass es s the i ce b oom ' s impac t on local and downs tream 
interes t s ; and 

5 .  Ass e s s  a l ternat ive c oncepts  to the c urrent i ce boom that would 
e l i mi nate or reduce potent i a l  for  local c l ima te mod i fic at i on ,  shoul d  
mod i ficat ion i n  fac t exi s t . 

In res ponse , a Pane l on Ni a gara River Ic e Boom Inves t i ga t i ons was 
appointed under the NRC ' s Wa ter Science  and Technol ogy Board . The 
nine-member pane l i nc ludes u.s. and Canadian expert s in the fie lds o f  
i c e  phys i c s  and me chani c s , me teorology, h yd rau l i c  engineering , 
geogr aphy ,  fisheries b io l ogy, and remo te s ens ing app l i cat ions . The 
IJC provided the pane l with several report s  o f  var i ous t ypes re lated 
t o  the i ce b oom , and the pane l also ob t a ined add i t ional pert inent 
s tudies for cons ide ra t i on .  Thi s l ibrary of material  served as the 
pane l ' s  main informa t ion base  for the s tudy ( s e e  Append ix A­
Bib l iography ) . 

In early May 1 9 83 ,  s everal members o f  the pane l me t in Wash ington , 
D.c., w i t h  the Wa ter Science and Technolog y  Board s t a f f  to  sort ou t 
as s ignment s  and org anize the s tudy and to  prepare for an intense 
work ing mee t ing o f  the ful l pane l and other experts  with extens ive 
experience and knowledge o f  the h i s tory and operat ion o f  the i ce 
boom. The work ing mee t ing o f  the ful l  pane l , held in Washington , 
D . C . , on June 2 7-30,  1 98 3 ,  brough t toge ther the pane l , o ther expert s ,  
and the IJC and NRC s ta f f s  for d i scuss ions , reviews , deba t e , and 
wr i t ing s es s ions .  A draft report was deve loped from the del iberations 
o f  the June work ing mee t ing , and the pane l re fined its  find ings at  a 
s ubsequen t mee t ing ,  h e l d  in Hanover,  New Hampshi re, on Sept emb er 1-2 .  
Throughou t the s tudy process , t h e  pane l and s t a f f  were acu t e l y  aware 
o f  the importance o f  pub l i c  i nput and i t s  c omprehens ion o f  findings . 
Pub l i c  input was ob ta ined through the IJC pub l i c  mee t ing proc e s s and 
wa s a l s o invi ted by t he pane l through local o ff i c i al s . The pane l h as 
a t tempted to pres ent i t s  find ings in a way that i s  meaning ful and 
c onvinc ing to b o th the pub l ic  and s c ient i fic  c ommuni ties . 
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2 

ICE IN LAKE ERIE AND THE N IAGARA RIVER 

CHARACTERISTICS OF THE LAKE ERIE REGION 

Geograph y  

Lake Erie i s  the sou the rnmos t o f  the Grea t Lake s  and wi th an ave rage 
de p th of 62 f t  (1 9 m) is a l s o  the sha l l owe s t .  I t s  surf ace area is 
a lmo s t  1 0 , 000 mi 2 (2 5 , 9 0 0  km2 ) --f our th among the Gre a t  Lake s .  The 
lake b o t tom s l ope s gene ral l y  downward to the eas t ,  and the maximum 
de p th i s  abou t 2 1 2  f t  (6 5 m) . Orien ted para l l e l  to the preva i l ing 
winds and s torm mo t ion pa t terns , i ts ma jor ax i s , 240 mi ( 38 5  km ) in 
leng th ,  l ie s  in a d i rec t ion abou t nor th 7 0° eas t .  The lake i s  
composed of three bas ins a s  dep i c ted on Figure 2 .  Th e  wes te rn bas in ,  
l ying we s t  o f  a l ine from Po in t Pelee,  Ontario , sou thwes te r l y through 
the Lake Er ie Is lands to Sandusky, Oh io , i s  the sma l le s t and 
sha l l owe s t bas in , be ing abou t 30  f t  (9 m)  deep . Mos t of the l ake 
vo lume is in the cen tra l bas in ,  who se dep th is abou t 60 f t  (1 8 m) and 
ex tends from the we s tern bas in to a l ine from abou t 20 mi ( 32 km ) we s t  
o f  Long Po in t to Pre s que Is le , Penns ylvania . The cen tra l bas in 
occupie s  almos t two-th i rds of  the l ake surface area . Exc lud ing the 
th in peninsula known as Long Po in t ,  the e f fec tive wid th of the eas tern 
ba s in is abou t 30 mi (48 km) . The eas tern end of the l ake has a 
f unne l shape , the nose of  wh ich i s  squared o f f  for abou t 8 mi (1 3 
km) . The Niagara Rive r  d i scha rge s from the nor thernmos t corne r of  
Lake Erie in to Lake On tario . 

Tollldo . 

F IGURE 2 The three bas ins of Lake Erie . 
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The funne l -shaped en trance to the Niagara Rive r from Lake Eri e  i s  
ob s truc ted b y  a series  o f  l i mes tone shoa l s  a t  sha l low dep th .  The 
rive r  i s  1 800 f t  ( 5 50 m) w ide a t  the Peace Bridge , j us t  downs tre a m  
from the en trance . 

The l ong-te rm  ave rage l eve l o f  Lake Erie  i s  5 70. 4 f t  ( 1 74 m) , 
In terna tiona l Grea t Lake s  Da tum ( IGLD 1 9 5 5 ) . Ex treme mean mon th l y  
leve l s  a re 5 7 3 . 5 f t  (1 7 4 . 8 m )  IGLD (June 1 9 7 3) and 5 6 7 . 5 f t  ( 1 7 3 . 9 m )  
IGLD (January 1 964) . The mean leve l  of the l ake in 1 9 8 2  wa s abou t 2 
f t  (0 . 6  m)  above the 1 9 00-1 9 82 ave rage leve l . The leve l of the lake 
is  large l y  contro l led by na tura l force s , the re be ing no leve l  con trol 
devices a t  e i the r the en trance o r  exi t to the l ake . S trong we s te r l y  
o r  eas te r l y  winds a s soc i a ted wi th s torms can re sul t in sho r t-te rm ,  b u t  
pronounced , varia tion s  in the l ake l eve l . Fo r examp le , o n  Apr i l  6 ,  
1 9 7 9 , sou thwe s t winds caused a rise  o f  7 f t  ( 2  m )  above the cal m  leve l  
a t  Buf falo--and a corres pond ing 7 f t  ( 2  m )  drop near To ledo , Oh io . 

The ove ral l leng th of the Niagara Rive r from Lake Erie to Lake 
On tario i s  abou t 35 mi (5 5 km) , and the to ta l fal l is 325  f t  ( 9 9 m) . 
The surround ing topography above Niagara Fa l l s  i s  re la tive l y  fla t .  
Downs tream from the fal l s  the topography i s  trough-l ike wi th s teep 
banks and few sha l low embayments . 

Gl acial  t i l l  cove rs s e d i men ta ry rocks wh ich underl ie the l ake . 
Shale and l ime s tone e x i s t in the nor thernmos t por tion of  the l ake , bu t 
e l sewhe re these  l aye rs are in terbedded wi th s tands tone . No large 
faul ts are in evidence in thi s  l ake . Recen t a l l uvial depos i ts occur 
in the val l ey f l oodplains . TWo cross-lake mora ines d ivide Lake Erie 
na tural l y  into the three bas ins as  described . 

Economy 

The Niagara Rive r i s  one of  the ou ts tand ing re crea tiona l and tour i s t  
at trac tions i n  the wor l d  and a l s o  one o f  the mos t h ighl y  deve l oped 
sources of hydroe lec tri c powe r .  Be cause of i ts proximi ty to th i s  
enormous wa te r res ource , the area i s  high l y  indus trial i zed , resul ting 
in in tens ive indus trial  and re s iden tial  use of  the shore l ine s . The 
rive r  channe l s  and l ake carry a h i gh in tens i ty of shipp ing and 
pleasure boa ting concen tra te d around the Por t  of Buffalo  on the Uni te d 
S ta tes  shore and a t  Por t  Co l borne in Canada . 

Cl ima te and Hyd rology 

The c l i ma te o f  the gene ra l region i s  tempe ra te and humid , wi th the 
large wa te r bod ie s mode ra ting the more extreme cond i tions 
charac te ris tic of nearby inl and loca tions . The annua l mean 
tempe ra ture a t  the Grea te r Buf falo  In terna tiona l Ai rpo r t  i s  abou t 
46°F (8°C) ; annual pre c i p i ta tion ave rage s abou t 36 in . (9 0 em) . 
Norma l ly ,  Lake Erie be g ins to freeze in la te Decembe r ,  achieve s 
maxi mum i ce cove r in Feb ruary , and rema ins partia l l y  ice-cove red 
through Apr i l ;  of ten some ice is present in the eas tern bas in un ti l 
mid-May . The orien ta tion o f  Lake Erie i s  paral l e l  wi th the preva i l ing 
winds . Wind s f rom the we s t  cause an eas te r l y  ice transport , and 
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dur ing s pring , l a s t ice  leave s  s l owly from Lake Erie a t  the eas te rn 
end , wh ich is in the shape of a f unne l and serve s as  a na tural 
cons tric tion .  Cons equen t l y ,  the l o c a l  s pr ing c l ima te near  the l ake 
shore in Buf f a l o  i s  made c o l der na tura l ly by preva i l ing winds off  the 
cold wa te r and ice  in the l ake . 

The s pr ing sea son near the l ake i s  c loud ier and coo ler than a t  
po ints no t affec ted by the col d l ake . Spr ing time grow th o f  vege ta tion 
i s  re tarded and pro tec ted from l a te s pr ing fros ts . Wi th heavy win ter 
ice accumula tions in the lake , typ i c a l  s pring cond i tions a re de l a ye d  
na tura l ly un t i l  May or e a r l y  June , b u t  summe r come s sudden ly b y  
mid-June . The seas ona l change s can be infe rred from a tabu l a tion of 
mon thly ave rage Nia gara River wate r tempera tures a t  Ft . Niagara : 

January- 3 2°F (0° C)  

Fe bruary- 3 2°F (0° C) 

Ma rch- 3 2°F (0° C) 

Apr i l- 34. 3°F (1 . 3° C)  

May-49. 6°F (9 . 8° C) 

June-61 ° F (16 . 1° C) 

Ju l y- 7 1 . 6°F (2 2 . 0°C)  

Augus t-71 . 8°F (2 2 . 1° C) 

Sep tember-6 7 . 5°F (1 9 . 7° C) 

Oc tobe r-56 . 8°F (1 3 . 8°C) 

November-50°F (l 0 . 0°C) 

De cember- 3 3 . 8°F (l . 0° C) 

The annua l mean wa ter f low rate ou t of Lake Erie is abou t 204 , 000 
cub i c  fee t per second (c f s )  (5 7 7 5  cub ic me te rs pe r second (ems ) )  in to 
the Niagara Rive r ,  rang ing from a winte r  monthly ave rage f l ow o f  abou t 
1 6 0, 000 c f s  (4 5 3 0  ems ) to a summe r mon th ly ave rage of abou t 250, 000 
cfs  (7080 ems ) .  Flow acros s Niagara Fa l l s  i s  cove red by the Niagara 
Tre a ty of 1950 be tween the Uni ted Sta te s and Canada . During the 
day l i ght hours of the touris t season (Apri l 1 to Oc tober 31 ) , a t  leas t 
100, 000 c f s (2 8 3 0  ems ) mus t f low over the f a l l s . At a l l  o ther t ime s a 
d i s c harge of 5 0 , 000 c f s  (141 5 ems ) , ap proxima te ly 3 0  pe rcen t o f  winter 
f l ow, mus t  go ove r the fal l s  for scenic purposes . 

I t  has recen tly been found tha t in 50  pe rcent of the ye ars from 
19 6 0  to 1979 a t  lea s t  8 5  percent o f  Lake Er ie was ice-covered dur ing 
February (Ass e l  198 3 ) . Ice bre ak-up begins by early March , bu t 
c learing i s  not a s  rap id  nor a s  con tinuous a s  free ze-up . By early 
Apr i l , i t  is usua l l y the case tha t  abou t 15 pe rcen t of Lake Erie ' s  
to ta l a rea wi l l  rema in i ce-c ove red , wh i le abou t 85 pe rcen t of the l ake 
e a s t of Po rt Co l borne (19 5 mi 2 or 505  km2 ) wi l l  re main covered . 
By la te Apri l ,  i t  i s  usua l ly the c ase tha t only abou t 5 pe rcen t of  
Lake Erie ' s  to ta l area wi l l  rema in ice-c ove red , wh i l e  abou t 65  percen t 
(1 5 0  mi 2 or 390 km2) of the l ake eas t of  Po r t  Co lborne wi l l  rema in 
ice -covered (Asse l 198 3) . The eas tern end of Lake Erie may no t be 
free of ice unti l we l l  into May . The se charac te r i s tics  are large ly 
c l ima te -contro l led and unre lated to the ice  boom. 

Accord ing to seve ra l au thori ties t he Ni agara Rive r  can pas s abou t 
10  mi 2 (2 6 km2) o f  i ce per day for ex tended t ime periods wi thou t 
j a mming . Up to 20 mi2 (5 2 km2) of  ice per day can pas s through 
the r ive r for 2 or 3 days . 
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RIVER ICE FORMAT ION 

Ic e  conveyed in r i vers c an c ause part icularly seve re problems because 
of  i t s  tendency to form in jams at a rive r  sect ion whe re t he 
i ce-t ransport c apac ity  o f  that part i cu l a r  s e c t ion i s  exce eded by the 
ice d ischa rge to the river .  In the se  case s , the ice  come s  to res t , 
and , i f  t he rive r v eloc i ty i s  suf f i c ien t ly grea t , i ce f loe s ( s lab s )  
arriv ing subsequen t l y  are forced above and below each o the r . The 
resul t i s  t he f o rma t ion o f  an ice jam , which c an part i a l ly or a l mos t 
completely  b lock the channe l and the reby produce a ma jo r  increase  in 
the r iver e levat ion a t  that locat ion .  Th i s  i ce may c ause loc a l ized 
prob lems , e s pe c ia l l y  a t  intake s t o  wa t er-supply sys tems and powe r 
p l ant s ,  when the intake becomes whol ly o r  p art i a l l y  b locked by ei ther 
fraz i l  ice or by the accumulat ion of  subme rge d ice f l oe s .  

Th e accepted prac t i ce for a l leviat ing t he se intake prob lems has 
been to ini t iate format ion of a s tab le , s t a t ionary , re l a t ive l y  thin 
i c e  cover a t  locat ions where the f low ve loc i t y  i s  suf f i c ient l y  l ow  
tha t the arriving ice i s  arres ted , bu t no t subme rged , and the 
resul t ing i ce cove r  front is moved upstream by the arrival  of new 
ice . The ice f l oe s  are the reby prevented from being t ransported 
downs tream to s i te s  whe re they may produce prob le ms .  Moreover ,  the 
s t a t i onary ice cover insula te s the underly ing wa te r agains t hea t 
t r ansfer to  t he a i r  by convect ion and evapora t ion .  Th i s  d imin i she s 
the total  amount o f  ice produc t ion and e s sent ial l y  s tops format ion of 
add i t iona l fraz i l  i ce , wh ich c an be  t he major caus e of  intake b lockage . 

LAKE ICE FORMAT ION AND D ISSIPAT ION 

A l ake surf ace freezes a f t e r  t he near-surf ace water  is cooled to the 
freez ing point and add i t iona l hea t i s  t rans ferred t o  the a t mo s phe re . 
W i t h  an i ce cove r, t he rate o f  hea t  l o s s  from t he l ake i s  gre a t l y  
reduced due to t h e  insu l a t ing prope r t i es o f  ice , and the ra t e  i s  . 
f urthe r  reduced by any snow cover on t he i ce . Thus , a f ter lake water 
reache s  the free z i ng po int , an ini t i a l  ice layer forms rathe r rapid ly , 
but  t he reaf ter t h ickens progre s s ive ly s l owe r. In add i t ion to a s l ow 
growth in thicknes s  of  exi s t ing ice during cold  weathe r ,  l a rge amount s  
o f  new i ce res u l t  from t h e  processes  o f  i c e  c racking , r idging , and 
ra f t ing through hea t  los s from the open wa t er areas crea ted by t he i c e  
de format ion . A s table i c e  cove r pro t ec t s  t he l ake from add i t ional 
heat los s dur ing cold  wea the r and minimize s the total  volume o f  i c e  
produced in t he l ake . W inter i c e  in t he Gre a t  Lak es t ends to have a 
high a lbedo (re f le c t ivi ty ) , so tha t mos t sunl igh t  fa l l ing on the i c e  
during winter i s  ref lec ted away , and ve ry l i t t l e  me l t ing b y  the sun 
can occur . 

The freez ing o f  Lake Erie usua l l y  begins in late De cember , after  
the l ake has  los t l a rge amount s  o f  hea t energy b y  evapora t i ve and 
sens ib le h ea t  f lux to t he a tmosphe re. The l ake fre ez e s  f ir s t  a long 
the shore l ine , s ince l e s s  cool ing of the wa te r column i s  requ i red  to  
l owe r t he surf ace t empe rature to the fre ez ing point . In the deepe r 
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Lake Erie eas tern bas in , more hea t mus t be removed from the wa te r 
column be fore ice c an form .  The mechanical  mixing o f  wind and wave s 
ve r ti c a l l y  s t irs the wa te r column and transfers  hea t upward from 
de pth .  Thus , by the t ime the surf ace tempe ra ture of  any s igni f i can t 
po rtion o f  Lake Er ie reaches  3 2°F ( 0° C) , the l and areas near the 
shore are a l ready frozen and may we l l  have a snow cove r .  The 
forma tion of  ice on the l ake begins in the shal lowe r wa te r at the 
shore l ine and s preads ou t into the l ake . 

The typ ical  smoo th i ce thickne s s  on Lake Erie during the 1 9 70 ' s 
was abou t 1 f t  (30 em) . Dur ing the s ame pe riod , da ta ( Ass e l  1 9 8 3 )  
s ugge s t tha t the ave rage February i ce cove r on Lake Erie was 86 
percen t ,  o r  8600 mi 2 (2 2 , 2 7 5  km2 ) .  From the se da ta ,  i t  is  
es tima ted tha t on  an average , some 1 . 6 mi 3 ( 6. 7  km3) o f  i c e  a re 
formed e ach yea r .  Thi s i s  a conse rva tive f igure (i . e . , pos s ib l y  too 
sma l l )  because i t  doe s no t take i n to accoun t the thicke r areas  o f  i c e  
whe re r i dging and raf ting have occurred . An ave rage ice vol ume of 2 
mi 3 (8 km3 ) i s  l ike ly to be a be tter es t ima te . 

In gene ra l ,  wa te r tempe ra ture s begin ris ing i n  a l ake af te r  a l l  
ice has  me l ted . Because Lake Erie ice i s  usua l ly transpor ted by wind 
to the eas tern b a s i n  dur ing d i s s ipa tion , howeve r ,  wa ter tempe ra ture s 
in the we s tern par ts o f  Lake Erie begin r i s ing wh i l e the eas te rn bas in 
wa te r rema ins a t  l e s s  than 3 3°F (1 °C) as l ong as s igni f i can t 
amoun ts of ice  rema in the re . 

Mo s t  i ce tha t i s  formed on Lake Erie a l s o me l ts in Lake Erie . 
From measurements made a t  Peace Bri dge ( In terna tiona l Niagara Rive r 
Wo rk ing Commi t tees 1 9 7 5-1 9 7 7) and from the powe r en t i ties ' da ta , the 
amoun t o f  ice  transpor ted into the Ni agara Rive r  range s from near l y  
zero to somewha t ove r 3 0 0  mi 2 (7 80 km2 ) during the en t i re i ce 
s e ason (i nc lud ing s torm-d r i ven ice in January-March) . These discharge 
ra te s indica te tha t 9 7-100 pe rcen t of the ice me l ts in Lake Erie . 
During s pr ing , solar  hea t ing rap idly warms the l ake wa ters , wh ich 
supply hea t to me l t  i ce . As the ice  begins to me l t ,  i ts surface 
charac te r change s and more s olar ene rgy is ab sorbed b y  the ice , 
has ten ing the me l t ing proce ss . In advanced s tage s o f  me l ting , the 
in te rna l s truc tu re a l s o  change s and the s treng th of the ice decreases 
markedly . 

ICE MOVEMENTS 

The de format ion of ice by ridg ing and raf ting and ice  transpo r t  a l ong 
the l ake s urf ace a re l arge l y  c aused by the force of winds ac ting on 
the ice surface , and to a much l e s s e r  de gree by l ake curre n ts . In a 
s torm , h i gh winds ove r  the l ake are par t i cularly eff ective in break ing 
ice into irregular fragmen ts , wh ich p i l e  up i n to ridge formations  
a l ong the shore l ine , and in caus ing l aye rs o f  ice to  submerge or raf t 
over o the r layers of  ice . For example , dur ing a s torm on Apri l  2 , 
19 71 , the area o f  i ce on the e as te rn bas in o f  Lake Erie was reduced by 
ab ou t one-ha l f ;  ice tha t seemed to d i s appear wa s mos tly  subme rge d 
unde r the rema ining i ce . The open wa te r quickly froze , forming 
hundreds of  square mi l e s  of new ice on the l ake . 
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Temporary r i s e s  in  wa ter leve l caused b y  s t rong wes te r l y  wind s a re 
a l so an e f fec t ive c ause o f  i ce p i le-up s .  A pr inc ipal factor caus ing 
the grea te r ice cove r usually found on the eas tern port ion of the l a ke 
i s  t he preva i l ing w inds from t he we s t  t ha t  push t he i ce eas tward , 
al though eas t wind s  can drive the ice  in the oppos i t e  d i re ct io n .  
Southwe s t  wind s a re e spec ially  e f fec t ive i n  driving i c e  into the 
funne l -l ike confi gura t ion a t  the eas tern end o f  Lake Eri e . 
Consequen t l y , t he t ransport of ice into t he Ni agara Rive r  depends very 
much on the d i re c t i on ,  speed , and dura t ion of the wind s nea r the 
e a s te rn end o f  Lake Er i e . 

When ice i s  t r ansported from Lake Er i e  into t he Ni agara Rive r ,  the 
ice cove r in the eastern port i on of  the lake w i l l  be  reduced only i f  
t he ice  removed i s  not re p laced e i t he r  b y  new i ce growth o r  ice 
t ransported from furthe r we s t . Unde r freez ing cond i t ions and 
extens ive ice cove r--for examp l e , more than 1000 mi 2 ( 2600 
km2 ) --t ransport of i ce into t he r ive r wi l l  re sult in no s igni f i cant 
change in the ice  cover i n  the vi c in i t y  of Buffalo .  This is because 
the i ce removed is s oon rep laced . On the o t her hand , during the 
spring me l t  pe riod , when the i ce cove r  has been reduced t o  onl� a 
sma l l  frac t ion o f  the eas tern port ion o f  the l ake--s ay , 2 5 0  mi ( 6 50 
km2) --i ce t ransport into t he r ive r i s  a f ac tor in reducing lake ice 
cove r .  In t h i s  cas e , n o  new i c e  rep l aces tha t d i scharged t o  the 
r i ver. Nevert he l e s s , t he proce s s  o f  ice t ransport i s  not o f  equal 
impor tance t o  ne t rad i a t ion i n  warming up Lake Erie . 

The charac t e r i s t i c s  o f  t he l ake ice such a s  thickne s s  and surf ace 
roughnes s  are qu i t e  variable  and depend on the t ime o f  year ,  the 
l ocat ion on the l ake , and t he part icular weathe r  expe rienced each 
yea r .  Undefo rmed ice is re la t ive l y  smooth and range s in  thickne s s  
from an inch o r  s o  ( a  few cent ime ters)  short ly a f ter forma t ion to  ove r 
3 f t  ( abou t  1 m )  a f t e r  a lengthy fri gid pe riod . De formed i c e  i n  
r id ge s c an be we l l  ove r  3 0  f t  (9 m )  thick,  a s  demons t rated b y  pas t 
scouring of  the lake bo t tom in  dee p wa ter and the he i ght of i ce ridge s  
above t he l ake leve l . A 1 9 82 s i tuation has been d ocumented in whi ch 
the bot tom of  Lake Erie wa s scoured a t  a depth o f  5 2  f t  ( 1 6 m)  by a 
ma s s ive p i le o f  grounded ice that rose s ome 3 2  ft ( 10 m) above the 
lake ice surface , for a t o t a l  ice  thickne s s  o f  ove r 84 ft ( 26 m) . 

THE LAKE E RIE-NIAGARA RIVER ICE BOOM 

The deve lopment of  hydropowe r on the Niagara Rive r  da t e s  bac k t o  1 7 8 5 ,  
when a permi t was i s s ued t o  John Burc h t o  bui ld a hydromechani ca l ly 
powe red saw and gri s t  mi l l . In 1 881 an e le c t ri c  generat o r  wa s 
ins t a l led a t  the small Schoe l lkopf p lant . De ve l opmen t  of 
hydroe lect r i c  powe r in  the vic in i t y  of Nia gara Fal l s  proceeded at an 
acce lerat ing rate t hrough t he fir s t  half of t he Twent ieth Century . A 
des i re to  harnes s  a l l  ava i l ab l e  wa ter power i n  the rive r  culmina ted in 
t he cons t ruc t ion a f t e r  1 9 5 0  o f  h i gh-he ad p lant s a t  Queens ton , 6 mi ( 1 0  
km) downs t ream from the fal l s . The intake s for the s e  h i gh-bead plant s  
a re l oc a ted above t he f a l l s  in t he Gra s s  Is l and Poo l .  Condu i t s  to 
carry the wa ter from the intake s t o  the gene rat ing s ta t ions cons i s t  of  
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an open cana l i n  the case of S i r  Adam Bec k  Plant 1 ;  twi n  tunne l s  4 5 ft 
( 1 3 . 7 m) in d i ame ter under t he c i ty o f  Ni a gara Fa l l s , On tario , 
d i scharg ing f ina l l y  into an open cana l for S i r  Adam Be ck Plant 2; and 
covered c ondu i t s  4 6  x 66 f t  ( 14 x 20 m) for t he Robert Moses Plant 
deve lopment on the u.s. s ide of the r i ve r .  

O f  t he s everal hyd roelectric p lant s bui l t  t o  u t i l ize the Lake Erie 
ou t f low ( 204 , 000 cf s ( 5 7 7 5  ems )  on the average ) ,  those l i s ted in Tab le  
1 a re c urren t l y  in  s ervi ce .  

As a resu l t  o f  ice  runs out o f  Lake Erie , jams have occurred in 
the Niagara Rive r ,  both ups t ream and downs t ream from Niaga ra Falls , 
damaging both p ub l ic and private prope rty on t he r ive r.  De s truct ion 
of the Honeymoon Bridge i n  1938 is probab l y  the s ing l e  mos t 
s pe ctacu lar example ,  and flooding o f  shore prope rty has occurred a t  
Grand Is land , the town o f  Wheat f ie l d , and Cayuga Is land . 

Re duc t ions in  hyd roe lectric  ene rgy gene rat ion a t  Niagara Fa l l s  
have been a ma t ter o f  particular  conce rn. In the years pri o r  t o  1 9 5 0 ,  
only a sma l l  pe rcentage o f  t he Ni agara Rive r ' s d i s charge was used for 
hydropowe r product ion be c ause the gene ra t ing fac i li t ie s  unt i l  tha t 
t ime we re qu i t e  mode s t  in  c apac i t y .  W i t h  t he c ons tant increase in 
demand for e le c t ri c a l  ene rgy and the comp l e t ion o f  the mas s i ve 
Canad ian and u.s. h i gh-head p lant s  in  t he 1 9 5 0 ' s and early 1 9 6 0 ' s ,  
howe ve r ,  the hydrau l i c  genera t i ng capac ity  c apab le o f  re ceiving a l l  of 
the Ni agara Rive r  d i s charge in exce s s  of t he requ i red fal l s  f l ow for 
scenic pu rpos e s  be c ame ava i l ab le .  The refore i c e  jams tha t coul d 
reduce t he d i s charge for powe r produc t ion became of greater conce rn to  
the Canad ian and U . S .  powe r ent i t ie s . 

An ext reme i ce jam i n  t he s pr ing o f  1 9 5 5  so a larmed local 
inte re s t s  tha t they preva i led upon the Corps of Enginee rs t o  a t temp t 

TABLE 1 Ni agara River Hyd ropowe r Plan t s  

Ne t No . o f  Ins t a l led Fl ow to  Achieve 
Head Un i t s  Capa ci t y  Ins tal led Capac i ty 
( f t/m) (kw) ( c fs/cms ) 

Onta rio 1 80/5 5 12 1 38 , 00 0  1 0 , 700/303  
Canad i an�Ni agara 1 3 5/41 1 1  80, 000 1 0 , 6 00/300 
De Cew ( two p l ant s )  262/80 12 1 54 , 1 0 0  6 , 400/1 80 

286/8 7 
S i r  Adam Be ck 1 294/9 0 1 0  3 73 , 000 
S i r  Ad am Beck 2 2 92/89 16 1 , 2 2 3 ,  600 8 2 , 000/2320 
Pump gene ra t ing 85/26 6 1 7 0 , 000 
Robert Mo ses  3 0 3/92 1 3  1 , 9 5 0, 0 0 0  1 0 5 , 000/29 70 
Lewi s ton pump- 75/23 1 2 240 , 000 

generat ing 
TOTAL 4 , 3 2 9 , 000 21 4 , 7 00/6080 
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to free the j am by blas ting wi th dynami te . Howeve r ,  the b l a s ting had 
no e f fec t .  Lmmedia te l y  pr ior to ins ta l l a tion o f  the i ce boom ,  an i ce 
j am in 1 964 caused $146 , 000 wor th o f  shore l ine damage s (exclud ing 
powe r l o s ses)  acco rd ing to governmen t  es t ima tes . In 1 96 2  the Rober t 
Moses  Pl an t  was comp l e te l y  shu t down by the occurrence o f  i ce jams a t  
i ts power i n takes , and the S ir Adam Beck Plan t has s imi larly suffe red 
serious reduc tions in i t s wa te r supply and re sul tan t powe r production . 

A number o f  i ce c on tro l mea sures taken by the powe r enti ties pr ior 
to 1 965 have proved to be wor thwh i l e  bu t have had only l imi ted e f fects  
on  l arge runs o f  l ake ice . These mea sures a re now used in 
coordina t ion wi th the ice boom. The primary goal o f  the con trol 
mea sures i s  to keep i ce i n  the r i ve r  mov ing re l a tive l y  briskly . When 
ice s l ows to very l ow speeds , due to a large quan t i ty o f  i ce ente r ing 
the r iver o r  to s ome o ther imped imen t in the r ive r,  a brief s toppage 
a t  one po in t can suddenly form a jam , and huge ma s s e s  of i c e  can begin 
to p i l e  up qui ckly . As the j am in tens i f ies , i t  grea tly reduce s  the 
f low of wa te r pas t i t ,  the reby decreas ing wa te r f l ow ava i l ab l e  
downs tream for b o th s cen ic and power genera tion purpose s .  Once a jam 
forms , i t  i s  extreme ly d i f ficul t to b reak , s o  the power enti tie s are 
ve ry eager to pre ven t the f o rmation o f  any jams . On the canad ian 
shore an i c e -es c ape channe l wa s cons truc ted 300 f t  ( 91 m) wide and 
3800 f t  ( 1 1 6 0  m) l ong through the con trol s truc tu re . The New York 
Power Au thori ty dredged a dee pe r channe l downs tream from the i r  in take 
for the s ame purpose . Toge ther,  the powe r en t i ties ma in ta in i ce 
breakers in almo s t con t inuous service to d i s lodge and b re a k  up 
i nc i p ien t i ce j ams . A l arge shoal l oc a ted a t  the head o f  the cascade s  
above the fa l l s  wa s a l s o  removed to fac i l i ta te the d i s cha rge o f  i ce 
from the Gra s s  Is l and Poo l .  A1so ,  an Orde r  o f  the In te rna tional Jo in t 
Commi ss ion tha t i s  des i gned to ma i n tain na tura l leve l s  on the Gras s  
Is l and Poo l  may be s us pended for sho r t  periods to pe rmi t the f lushing 
of ice over the fal ls . 

The vas t maj or i ty o f  the i ce tha t f o rms on Lake Erie each win te r 
me l ts in the l ake each s pring .  Bec ause of preva i l ing we s t  winds , 
the re i s  a near l y  c on tinuous eas tward migra tion o f  the lake ice dur ing 
s pr ing break up . Th i s  mi gra tion re sul ts in a na tura l accumu l a tion of  
i ce in  the eas te rn end o f  the lake . Some o f  thi s  ice f inds i ts way 
into the Niagara River and i s  transpor ted downs tream. Becaus e the 
wid th of the lake whe re i t  joins the r ive r is much narrower than the 
wid th of the eas tern bas in , the l a rge -scale ice  f l ow toward the e a s t 
i s  p inched o f f , and an ice a rch i s  formed a sho r t  d i s tance ups tream 
from the rive r  entrance . The a rch i s  grounded f i rmly on one 
shore l ine , arc s  s l i gh tly we s tward away from the lake ou tf low ,  and is  
again f i rml y  grounded aga ins t the oppos i te shore . Even though the i c e  
f o rming the arc h  i s  composed o f  many ind ividual b locks o f  ice ,  the 
arch compac ts and cons o l ida te s ,  and cu ts o f f  the f l ow o f  i c e  in to the 
r ive r. 

The gen tly c urving ice a rc h  forms j u s t ups tream from the r iver 
reach where the wa te r s urface has suf f i c ien t s l ope to acce lera te the 
f l ow o u t  of Lake Erie  ( i . e . , whe re f low ve loci ties increase ) ;  i t  thus 
is loca ted on the boundary of the hyd rau l i c  change from l ake to rive r .  
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As l ong as t h i s  i c e  arch rema ins intac t , the f l ow of  l a ke i ce into 
the r iver is  e ffe c t ive l y  s ealed o f f . However,  occasional ly heavy 
s t orms or wind -driven waves , whi ch are character i s t i c  of t he l a ke , 
wi l l  des troy the a rch and permi t t he entrance o f  mas ses o f  l ake i ce to 
the rive r .  After the s torm s ubs ides , the arch wi l l  aga in form and 
again c u t  o ff the movement o f  i ce i nto the r iver. 

If  there is a des i re to reduce the transport of i ce ou t of a l a ke 
into a r i ver,  the u sual t a ct i c  i s  to  promote the forma t ion and 
ma intenance o f  a s tab l e  i c e  cove r  on the l ake . Experience on many 
wa ter b od ies a round the wor ld has demons tra ted that i ce b ooms are the 
mos t  e ffe c t i ve and mos t  pra c t i ca l  means o f  e s t ab l i sh ing and 
ma intaining s uch an i c e  cover on a l ake . 

The Lake Erie Ic e Boom i s  a typi cal  boom and i s  shown 
schema t i cal ly in Figure 3 .  Th e  b oom i s  b a s i cal ly composed o f  a series 
of wooden t imbers held  in place by loops o f  steel cabl e s , whi ch are 
anchored to the l ake bot tom. The Lake E r i e  boom t imbers , each 30 f t  
( 9  m )  l ong , 1 6  in.  ( 41  em ) h i gh ,  and 2 2  in . ( 5 6 em ) wide , a re 
c onnected i n  groups o f  1 3  t o  s trands o f  2 i n .  ( 5  em) d i ame te r s teel  
cab l e .  Each t imber i s  a t tached near each o f  i t s  ends to  t he loop  of  
s t ee l c ab le by a 4-f oot  ( 1 . 2  m) cha in.  The s tee l c ab l e  i s  supported 
in the wa ter by the buoyancy o f  the t imbers thems e l ves , as s i s ted by 
the f l o t a t ion buoys a t  the points whe re the anchor cab les are a t ta ched 
to the boom cab les . Each end o f  the s t e e l  cab l e  i s  conne cted t o  the 
l ake b o t tom by a 5 00-f t ( 1 5 0  m) anchor c ab le abou t 2 1/2  in.  (6 em) in 
d i ame t e r .  There are 22 such l oops of t imbers mak ing up t he ent ire 
boom, wh i ch extends abou t 8 800 f t  (2680 m) acro s s  the eastern end o f  
Lake Erie , about 1000 f t  ( 305 m )  s outhwe s t  o f  the wa ter  intake cr ib  
for the c i t y  o f  Bu f fal o .  Th e  b oom does n o t  extend shore-t o-shore . 
The northern end o f  the b oom s t a r t s  s ome 500 ft  ( 1 52 m )  from the 
Canadian shore , and t he s outhern end of the b oom s tarts  near the 
breakwater  for the ou ter harbor , s ome 2000 ft ( 61 0  m )  from the u. s .  
shore . Thus , when t he re i s  no i ce on the l ake , the b oom may be pas sed 
a t  e i ther end by boa t s  or ships . 

The boom has no r i g i d i ty o f  i t s  own , s ince the t imbers are 
conne c ted by l ink -chain to fl exib l e  s t eel  c ab l e s . In  the presence o f  
n o  w ind , the sma l l  na tural l ake c urrent t oward the Ni agara Rive r wi l l  
caus e  the t imbers t o  bow northeas tward i n  each l oop , the orienta t ion 
shown i n  Fi gure 3 .  This wi l l  a l s o  be the o rienta t ion with genera l l y  
we s terly winds . Howeve r ,  w i t h  wind s  ou t o f  the east , t he t imbers  wi l l  
be pu shed b ackwards , and may bob abou t s omewhat a imles s l y , 
occas iona l l y s t riking an adjacent t imber and damaging i t , or  actua l l y  
bowing o u t  t o  the wes t ,  forming a mirror image o f  the o rient a t i on in 
Fi gure 3 .  

The key t o  the succe s s ful func t i oning o f  a b oom i s  i t s  
ins t a l l a t i on a t  a s i t e  whe re the f l ow ve loc i t y  i s  suffic ient l y  l ow so 
that  arriving i c e  i s  not s ubmerged . It i s  a l so import ant tha t  t he 
arr1v1ng i c e  floes b e  s u f fi c ient ly large and s t rong tha t they do no t 
pass  through openings be tween t he t imbers o r  that t he f loes be 
suffi c i ent ly cohes i ve so as to  hold to each o ther t o  form an int act 
i c e  c over. The force s exe rted on the s ta t i onary i ce by the wa ter f low 
beneath i t  and the wind above i t  are transmi t ted t o  the t imbers ,  then 
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to the anchor cab l e s  and even tua l l y  to  the l ake bed anchor . Exc e p t  
during a re l a t ive ly sho r t  period when the s ta tionary i ce cover i s  
be ing i n i tia ted , the boom does not hold the ice in place . Th e  ice 
cove r i s  then he l d  by the ice a rch tha t forms when f l oe s in con tac t 
wi th e ach o ther freeze toge ther and ex tend e n t i re ly acro s s  the end of 
the lake . The boom only ac ts  to ini tia te and form thi s  arch whe n  the 
wea ther i s  c o l d  enough; once formed , the arch holds the ice cover in 
place . The i ce a rc h  wou ld form when the wea the r i s  cold enough--wi th 
or wi thou t the boom. The boom a l l ows the arch to f o rm  more qui c k l y , 
thus c rea ting a s table ice c over.  

Ice booms canno t re tain all  type s o f  ice . If  the i ce has 
re l a t ive ly low in ternal s treng th , as  i s  the case in old  or "ro t ten" 
ice ( such as  occurs in la te s pring ) , the ice canno t wi ths tand the 
s tre s ses a t tendan t to the shore- to-shore a rc hing . The wind and 
curren t s tre s s e s  exe r ted on the ice  then are transmi t ted to the boom 
t imbers , wh ich,  because o f  the way they are te the red , submerge and 
pe rmi t pas s age of  the i c e . The d i scharge ra te o f  i c e  pas t the boom 
sec tion then i s  de te rmined by the i ce- transpo r t  c apac i ty of the f l ow ,  
and the boom plays  l i t tle  o r  n o  role i n  regula t ing ice  movemen t pas t 
i t  when i ce transports are h igh . 

ICE BOOM IMPACT ON ICE FORMAT ION AND RETENT ION 

To des c r ibe wha t the Lake Er ie Ice Boom accompl ishes , i t  is useful to 
con s i der three pe r iods of the annua l ice season .  During the earl y 
win te r  period , o r  forma tion s ta ge , ice s ta r t s  forming a t  the shore l ine 
of Lake Erie . If the w inds are genera l l y  from the we s t ,  various s i zed 
b l ocks ( o r  f loes ) are broken away from the shore b y  wind and wave 
ac t ion and driven toward the eas tern end o f  the l ake whe re a few f l oe s  
pa s s  i n to the Niagara Rive r. Mos t of  the se i ce f loes push in to one 
ano the r as the l ake narrows , and an ice arch i s  forme d .  

During the mid-win te r  period , o r  ma ture s ta ge , the i ce cover i s  
essen ti a l l y  s o l id acro s s  Lake Erie , a t  leas t acro s s  the eas tern bas in , 
and rema ins in tac t excep t  when frac tured by s to rms . Some 
s torm-genera ted ice f loes near the entrance to the Niagara Rive r may 
move i n to the river.  As the s to rm  sub s ides , however,  ice f loes in the 
vi c in i ty o f  the ini t i a l  ice a rch wi l l  re free ze , and aga i n  i c e  wi l l  no t 
f l ow i n to the river.  

During the s pr ing period , o r  d i s s ipa tion s tage , the ice i s  
de te riora t ing due t o  warm wea the r and inc reased s o l a r  hea ti ng . S pr ing 
s to rms produce cons ide rab le cracking , raf ting , and r idging .  Unde r 
proper wind cond i tions , s o me of  the de teriora te d i c e  b reaks o f f  from 
the arc h  and move s i n to the river.  The arch con t inua l ly forms and 
breaks as ice i s  con tinuous ly pushed eas tward by the preva i l ing winds . 

The da te s f o r  the three periods vary each year,  depend ing on the 
wea ther pa t te rns . 

The i n te rac tion o f  the boom wi th the i ce i s  as  fol l ows . 

1 .  During the early win ter pe riod , usua l l y  occurring during 
De c embe r  or January , the boom promo te s early forma tion o f  the ice 
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a rc h .  Format ion o f  the arch short ly a f te r  ini t i a l  i ce forma t ion in 
t he e a s tern bas in promotes  t he forma t ion o f  a uni form i ce cove r wes t  
o f  the boom , thereby reducing the f low o f  i ce into Niagara Rive r .  
Reduced i ce f low i nto t he r iver reduce s  power generat i on interrupt ion 
but d oes no t add to the i c e  area in Lake Erie . Any are a  los ing i t s  
i c e  c over t o  river d is charge w i l l quickly f o rm  a new cove r dur ing 
preva i l ing s ub freez ing temperature s .  

2 .  Dur ing t he mid-winter per iod , gene ral ly o ccurring during 
January, February , and early March ,  the boom fac i l i ta t e s  
ree s tab l i shment o f  t he i ce a rc h  a f t e r  s to rms .  Under nons torm 
cond i t ions the ice rema ins intac t and act s as if the boom we re not .  
there , s o  t he boom has n o  e f fe ct o n  t he i ce .  During s torm per iods , a 
wes t  or  southwes t wind i s  like l y  t o  push i c e  ove r the boom , and a s 
much i ce would arrive a t  the r iver head a s  would arrive without the 
boom. Agai n  the boom has no e f fe c t . But in the 1 2  t o  24-hr pe riod 
when winds decrease f o l lowing a s to rm ,  t he b oom resurf ace s ,  shut t ing 
off the supp ly of ice to  the rive r ,  prevent ing the ice transport into 
t he r iver t ha t  wou ld occur without t he b oom . Th i s  i s  a s igni f icant 
e f fe c t  tha t  re sul t s  in bene f i t s  to the powe r ent i t ie s , be cause i t  
g i ve s  t he r ive r and c on t ro l techn i c ians t ime t o  move s torm-d riven i ce 
th rough the rive r  wi thou t serious interrupt ion o f  powe r generat io n .  
The re i s  n o  measurable  o r  c a l cu lab le ne ga t i ve clima t i c  aspe ct to  the 
boom ' s  presence fol l owing a s t o rm ,  s ince the wa te r temperature i s  
about t he s a me a s  t he i ce t empe rature and i ce t ha t  i s  t ransported pas t 
the b oom wi l l  soon be rep l aced w i t h  new i ce .  

3 .  During t he l ate w inter and early s pr ing period , occurr ing 
during late  Ma rch and April,  the ice begins t o  b reak up and 
d e t eriorate because o f  s o lar hea t ing . Sub s tant i a l  amount s  of  ice are 
transpor ted to  the eas tern bas in from the central and wes tern bas i n s . 
W i t h  mode rate o r  s t rong wind b l owing toward the inl e t  o f  the r iver , 
ice flows ove r the boom ,  and the re i s  no e f fec t o f  the boom .  With 
l i gh t  winds blowing t oward t he r iver, the b oom wi l l  re t a in ice o f  
suf f i c i ent s ize and s t rength bu t wi l l  pas s rot ten ice . Unde r  ca lm 
condi t ions or wind s  b lowing away from t he r iver,  i ce would not move 
into the rive r  even i f  the boom we re not the re , s o  there i s  no e f f e ct 
o f  t he b oom . Aga in , i t  i s  in  t he period f o l lowing a s torm tha t the 
boom ho lds s ome i ce back. 

REGULATORY ORDERS 

The l as t  seve re ice  jam in the uppe r Niagara Rive r during the preboom 
years occurred i n  January 1 964.  It was t he e ffect s  o f  thi s jam tha t  
led the powe r ent i t ie s  t o  reque s t  pe rmi s s ion t o  ins t a l l  t h e  i ce boom . 
Ano the r  boom had b een ins talled by On t ario Hydro and t he New York 
Power Authority ( NYPA) i n  the Interna t iona l Rapi d s  sect ion of the S t . 
Lawrence Rive r  in 1 9 59 and had proven i t s  value . 

In February 1 96 4 ,  the powe r ent i t ie s  applied t o  the IJC for  
pe rmi s s ion t o  cons truc t and ins ta l l  the Lake Erie-Ni agara Rive r Ice 
Boom.  Af ter conduc t ing a pub l i c  hea ring in June of 1 9 64 ,  the IJC 
au thorized t he cons t ruc t ion and p lacement o f  the b oom on a 1-year 
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t r ia l  bas i s .  Authoriza t ion was cont inued on a ye ar-by-year bas i s  
unt i l  1 9 67 ,  a t  wh ich t ime t he period o f  authoriza t ion was extended t o  
5 yea rs . 

The o r i gina l Ord e r  o f  Approval was amended in May 1 96 5 and a ga in 
in Oc tobe r 1 969 . Thes e  amendment s made only two s i gni f i cant change s .  
The o r i gina l  o rders s pe c i f ied tha t  a l l  s e c t ions o f  the f loat ing boom 
be opened by the f i r s t Monday of April,  with d i s a s s emb l y  completed  by 
Apr i l  1 5  o r  ear l ie r  i f  s o  o rde red by the IJC. Howeve r ,  in June 1 969, 
the powe r ent i t ie s  reque s ted tha t the IJC cons ide r a la t e r  da t e  for  
b oom o pen ing and removal , ci t ing a s  the  bas is for  t he i r  reque s t  a 
number of  severe i c e  runs tha t had occurred after  Apri l 1 (bu t not 
during t he pre vious 5 years tha t  t he boom had been in place ) . Af te r  
conduct ing a pub l i c  hearing o n  th i s  ma t te r  in Buf fa l o , the IJC revi sed  
this port ion o f  the o r i g inal orde rs . The por t i on now s pec i f i e s  tha t 
"Al l sec t i ons of  the f loa t ing boom sha l l  be opened on a date t o  b e 
f i xed e ach year by t he Commis s ion , a c t ing on the advice o f  its  
Inte rna t iona l Niagara Board of  Control and in the  l i ght o f  wea the r and 
o ther cond i t ions preva i l ing in t ha t  year.  Di sassemb ly o f  the boom 
sha l l  be comp l e ted by 1 5 May each ye ar . " The second s i gni f i c an t  
change made i n  t he 1 96 9  amendment was t he i nc lus ion o f  a requi rement 
tha t  the Interna t iona l Niagara Board of  Contro l , be fore re commend ing a 
boom removal date t o  the IJC, consult e ach year wi th  the 
re pre senta t i ve s  of  the powe r ent it ie s , St . Lawrence Seaway Au thori ty , 
t he Ni a gara Front ier Po rt Autho r i ty , and s uch o ther intere s t s  tha t  may 
be a f fec ted by open ing o f  the boom.  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

T h e  L a k e  E r i e - N i a g a r a  R i v e r  I c e  B o o m :   O p e r a t i o n s  a n d  I m p a c t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 0 1

http://www.nap.edu/catalog.php?record_id=19501


3 

REGIONAL CL IMATE TRENDS AND LAKE EFFECTS 

REG IONAL COOL ING TREND 

Pe o p le who pay even c asual a t tent ion to t he wea ther recognize tha t  
tempera ture and pre c i p i t a t ion in mos t  regions o f  the Un i t e d  S ta t e s  
change marked ly from day t o  day and from year to year o n  the same 
c a lendar date . The mean tempe ra ture for a day , month , o r  year i s  
gene ra ted from a l arge number o f  tempe ra ture va lue s , t he ove rwhe lming 
ma j o r ity of wh ich are above or below t ha t  mean va lue . Indeed , i t  i s  
ve ry rare t o  expe rience a day o r  month who se t emperature behav ior i s  
the same a s  the long-t e rm mean f o r  tha t  t ime pe riod . 

The re i s  a l s o  a gene ra l recogni t ion t ha t  in s p i t e  o f  wea ther 
variab i l i ty ,  there is a bas i c  pa t tern o f  wea the r event s in  a given 
l ocale t ha t  eme rges as t he c l imate of t he region .  Many people fee l 
tha t  the c l imate or ave rage wea the r i s  fixed , meani ng tha t t he 
"ave rage" behavior o f  t he weather i s  a c onstant , w i t h  value s a t  any 
given t ime hav ing a more or le s s  known range o f  depa rture from t he 
me an.  De parture f o r  s eve ra l consecut ive years o f , s ay ,  t he January 
average tempe ra ture from the c l ima t o l ogical  mean January temperature 
i s  o f ten viewed a s  "unna tura l , "  and an a rt i ficial  c ause for t he 
de parture i s  sought . 

The i dea o f  a f ixed c l imate i s , howeve r, gene ral ly incorre c t . 
Cl imate unde rgoe s change , both on a shor t -t e rm ( de cade s )  and on a 
l ong-t e rm  ( thousands o r  mi l l ions o f  years)  b as i s . Hi s torica l l y , mos t  
c l imate change has occurred irre spe c t ive o f  human pre senc e . Howe ve r ,  
s ince t he s tart  o f  t he Indus t rial Revo lut ion , human ac t ivit ie s  have 
increas ingl y had an inadve rtent c l ima t ic impac t  on a loca l and 
p o s s ibly even g lobal  bas is .  With t he pos s ib i l i ty o f  both natural and 
art i f ic ia l  cause s o f  c l imate change , i t  be come s important t o  cons ider 
c are fully  any c l imate change t ha t  appears t o  have a s igni f i cant 
ne ga t ive impac t on the gene ra l popu l a t ion to dete rmine i f  the impac t 
could be mi t i gated o r  reve rsed by chang ing s ome human a c t ivity . 

Turn ing now t o  the tempe ra ture aspe c t s  o f  the Buf f a l o  reg ion , t he 
evidence i s  ove rwhe lming , both from o f f icial  t empe rature measurements 
and from peop l e s ' pe rcept ions : s pring ha s been , on the ave rage , 
s omewhat c oo l e r  in t he pas t 5-1 0 years t han s pr ings pr ior to this 
pe riod . Cons ider  data presented by Qu inn e t  a l . ( 19 80 )  concerning 
freez ing degree days . Fi gure 4 shows t ha t  t he number o f  freez ing 
de gree -days in Buf f a l o  was s igni f ican t l y  hi ghe r in the l a t e  19 7 0 ' s  

- 20-
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than in the early 1 9 6 0 ' s .  Or cons ider the heat ing de gree-day ( HDD ) 
data  o f  Yee e t  a l . ( 19 81 )  shown i n  Tab l e  2 .  
The re we re o n  an ave rage 2 00°F ( 1 1 0°C) more hea t ing degree-day s 
for Buf falo e ach year i n  the pe riod 1 9 6 5 -1 9 81 than there we re each 
year i n  t he pe r i od 1 948-1 9 64. At t he hearings held by the IJC on 
March 3 ,  1 9 8 3 , in Buffa lo , seve ra l  local  re s ident s vo iced the op inion 
that  w inter now l as t s  l onge r t han it used to ( IJC 1 9 83) . 
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F IGURE 4 Cumula t ive s tandard i zed freez ing degree-day 
va lues for Buffalo  and the re g ion .  

SOURCE : Qu inn e t  a l . 1 9 80 .  

TABLE 2 
January 

Compar i s on o f  Average Annua l Heat ing De gree-Days 
t hrough May for Preboom and Po s tboom Years 

Buffa lo , N . Y. 
To l edo , Oh i o  
Cl eve land , Oh io 
Ro che s te r ,  N .Y .  
Syracuse , N . Y .  
Hami l ton , On t . 
Kings t on ,  Ont . 

1 6  Preboom 16  Po s tboom 
Years ( 1948-64)  Years ( 19 6 5-81 ) 
4140 4340 
3880 414 0  
3 7 20 3960 
41 8 0  4 2 7 0  
4160 4340 
41 8 0  4600 
4630 49 20  

Sourc e : Ye e et  a l .  1 9 81 . 

Di f f e rence 
+2 0 0  
+260 
+240 
+ 90 
+1 80 
+420 
+290 
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Howeve r ,  the  undeniab le fac t o f  re cent somewh a t  coo l e r  cold  
seasons is  onl y  part o f  t he s to ry ,  and it  is  t he re s t  o f  the s to ry 
tha t  i s  more ' important : Buf f a l o  a i r  t empe ra ture ha s been dropp i ng 
s ince be fore 1 9 6 5, and many o the r locat ions w i thin 3 00 mi  ( about 480 
km) of Buf f a l o  have expe rienced s imi lar tempe ra ture de c l ine s during 
the s ame t ime p e r iod . Fi gure 4 c learly shows how t he annua l 
tempe rature o f  Buf f a l o  has o sc i l lated ove r  the 80-year pe riod o f  1 89 8  
t o  1 9 7 9 .  From 1 8 9 8  t o  about 1 9 2 0 ,  w in ters  became progre s s ive l y  
c o l de r .  From 1 9 2 0  unt i l  1 9 5 8 , winte r s  became warme r .  An d  from 1 9 5 9  
to  1 9 79 ,  w inters h ave got ten coo ler  a ga in .  

Compar i son o f  c o l d  season tempe ra t ure s a t  Buf f a l o  w i t h  tho s e  o f  
o ther reg iona l c i t ie s  i s  mos t  ins t ruc t ive . Tab le 2 shows tha t  whi le 
Bu ffalo wa s somewha t cooler ( by 2000F or 1 1 0oc HDD ) i n  the 
1 9 6 5-1 9 81 period c ompared t o  1949-1 9 64 ,  s o  we re s ix o ther c i t ies , up  
to  abou t 200 mi ( 3 2 0  km ) away . At one end o f  the range , Roche s t e r  wa s 
9 00F ( 500 C ) HDD cooler,  and a t  the o ther,  Hami l ton , Ontario , was 
4 2 oPF ( 2 3 00C) HDD c oo l er.  Ha s san and Sweeney ( 1 9 7 2) show tha t  the 
mean high and low tempe ra ture s for March , Apr i l , May , and June for 
Fredonia , Wate rtown , and Buffalo ( a l l  c i t ies  in New York s tate ) show 
nearly ident ical  behavior for the pe r iod 1 9 5 8  to 1 9 71 .  From Figure 5 ,  
i t  may b e  seen t ha t  t he mean h i gh t empe ra tures for Marc h for t he se 
three c i t ie s  for t h i s pe r iod fo l low ve ry s imi l a r  annua l change s .  
In t e re s t ingly enough ,  F i gure 5 a l so shows Buf falo  March h igh 
temperature s to be s l i ght l y  highe r than those a t  Fredon i a  and 
Wa tertown .  
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F IGURE 5 Mon thly mean h i gh a i r  tempe ra ture s-�rc h .  

SOURCE : Ha s san and Sweeney 1 9 7 2 .  
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Qu inn e t  al . ( 19 8 0 )  calculated comb ined tempe rat ure read i ng s  from 
Er i e , Pe nnsylvania , Roche s ter,  New Yo rk , and Toronto , On tario , to  
de te rmine the  temperature trend for the  region surround ing Buf fa l o . 
They a l so ave raged t empe rature s  for some 2 5  s ta t ions surrounding the 
Great Lake s ( see Fi gure 6 ) . From Figure s 4 and 6 ,  i t  may be seen that  
t he winters in  Buf falo , a s  d e s c r ibed by freez ing degree days , have 
shown the same gene ra l coo l i ng-warmi ng-cool ing pat t e rn from 1 8 9 8  t o  
1 9 7 9  a s  d id t he region around Buf falo and t he ent i re Great Lakes area . 

In 1 9 7 8 ,  t e s t imony wa s pre sented t o  the Erie  County Legis lature 
and Bu f fa l o  Ci ty Common Counc i l  from a s tudy o f  t he January-Apr i l  
average a i r  tempera ture a t  f ive c i t ie s . Th e  s tudy showed that t h i s  
4-month t empe ra ture ave rage decre ased s l i gh t ly f o r  To l edo , Cleve land , 
Ro che s te r ,  and Syracuse a s  we l l  a s  for Buf fa l o , for  the pe riod 
1 9 6 5-1 9 7 8  a s  compared t o  1 9 2 7-1 9 64. 
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F IGURE 6 Cumu l a t ive s tandard i zed free z ing de gree-day 
va lues for Bu ffalo  and the Grea t Lake s . 

SOURCE : Quinn e t  a l . 1 9 8 0 .  
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77le panel bel ieves tha t the evidence i s  veri} clear tha t ,  while 
there has been a sl i gh t  cooling of win ters in Buffalo since the 
mid-1 9 60 ' s ,  the cooling did not s tart then and i t  was not limi ted to 
Buffalo . No known phl}sical laws allow the conclusion tha t an event 
unique to the immediate Buffalo area (e . g . , the presence of the ice 
boom ) can be responsible for a tempera ture change in Buffalo that 
s tarted before the event and i s  duplicated in manl} ci ties at a 
considerable di stance from Buffalo . An overal l  regional change 1n 
clima te has occurred . 

LAKES AS HEAT RESERVO IRS 

In the abs o rp tion o f  ene rgy from the sun and a bmo s phere and the 
re trans fer of th i s  ene rgy from ear th back to the a i r ,  lakes behave 
d i f feren tly from l and surfac e s  on a da i l y  and seasonal bas i s .  Ene rgy 
ab sorbed a t  the s urf ace of a lake is transfe rred s lowly throughou t i ts 
vol ume a t  ra te s depend ing on wave ac t ion and curren ts . By contra s t ,  a 
l and surf ace trans fers hea t only wi thin a thin s o i l  l aye r.  At nigh t ,  
the l and l o s e s  hea t more read i l y  to the a tmo sphe re . In winter , when 
the l and i s  snow-c ove red and the l ake ice-c overed , noc turnal hea t l os s  
ra te s are s imi l a r--re l a tive l y  fas t .  The seasona l e f fec t i s  tha t the 
l ake tempera tu re increa ses more s lowly a t  the surf ace than the l and in 
spr ing and de creases  more s l owly i n  fa l l . Lake s usua l l y  re ta in an i ce 
c ove r l onge r  than snow rema ins on dry l and . 

Among the Grea t Lake s , Lake Erie i s  the mos t  sha l low and has  the 
sma l les t wa te r vo l ume  or hea t re s e rvo i r. Thus cool ing and warming o f  
the l ake l ags beh ind the spring and f a l l  tempera ture change s ove r l and 
to a l e s ser  ex ten t than , s ay ,  Lake On tario . Howeve r,  the re is a 
pe riod of  seve ra l  we eks in the s pring and f a l l  when the l ake i s  
typica l l y  coo l e r  during the day t ime and warme r during the nigh t time 
than nearby l and surfaces . The e f fec t of  the wa rme r  or coo ler  l ake on 
a i r  tempe ra ture s is usua l ly eviden t wi thin the immedia te vic in i ty of 
the lake , bu t the affe c ted area varie s from hour to hour and day to 
day , depend ing on w ind and sunsh ine . Th i s  e f fe c t i s  probab ly  s l i gh tl y  
larger in magn i tude in regions adjacent t o  the dee pe r eas tern bas in o f  
the l ake than in regions adj acen t t o  the we s te rn two- th i rds of  the 
lake . On a day wi th the w ind b l owing from a given coas ta l area  ou t 
ove r  the l ake , the tempe ra ture d i f fe rence e f fec t i s  minima l ove r tha t 
area , conf ined to a few me ters inland from the shore . When the wind 
i s  b lowing from the l ake toward a c oa s ta l a rea , the re i s  a gre a te r  but 
variable e f fec t depend ing on the sea s on .  In au tumn , the l ake can b e  
wa rme r  than the l and , par t icularly a t  n i gh t ,  but  t h i s  i s  a "damp" 
wa rmth a l ong the shore l ine , no t bring ing any par ticular comfor t  to 
re s iden ts . In l a te f al l , c loudine s s  and reduce d vis ib i l i ty become 
more common , las t ing un t i l  an ex tens ive a rea of ice  cove r  forms in 
De c embe r. 

In s pr ing , the re is a c hi l l ing e f fec t f rom o f f-l ake winds on days 
when the l and would be o therw i s e  cons iderab l y  warme r  than the lake . 
The d i s tance inl and tha t the coo l ing ex tend s i s  re l ated to the wind 
speed and the con tras t in a i r  tempe ra ture ove r  the l and and wa te r .  
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When thi s cont ras t is marked , i . e . , on a sunny day when wind s are 
l i gh t , a l ake b reeze i s  gene rated whe re a i r  f lows from t he l ak e  ont o 
the land . The inland pene tra t ion o f  t h i s  bree z e  depend s on terra i n  
and b u i l d ing s t ruc ture s , a t  leas t ini t ia l ly ,  as  t he a i r  movement i s  i n  
the lowe s t  layers  o f t h e  a tmo sphe re . Th e  lake breeze season la s t s  
through s pr ing and e arly  s ummer. While  it  prov ide s natura l 
ai r-cond i t ion ing on ho t days to  lake shore peop l e , i t  can be an 
uncomfortab le s i tuat ion on coo ler  days . The same e f fe c t  as the lake 
breeze occurs when the regiona l wind is o f f -wa te r .  

The c l imate o f  muni c ipal i t ie s  s uch  a s  Buffalo and Fo rt Erie i s  
mode ra ted b y  the adj acent l ake . They d o  no t expe rience t h e  s ame ve ry 
c o ld o r  hot days a s  l oca l i t ie s  farthe r  inl and . On t he o ther hand , 
they have h i ghe r a i r  humid i t ie s , mo re c loud ine s s  and fog , and gre a t e r  
wind s peeds and s nowfal l dur ing o f f-l ake s torms t han more inl and , 
cont inenta l loca t ions . He re a l so , s pring i s  re tarded for a few week s ,  
but  autumn i s  l ikewise pro longed . The growing season i s  genera l ly 
l onger near the lake s ide . Such cond i t ions have promo ted extens ive 
hort icul tural and marke t garden indus t r ie s . In t e rms o f  winter  
he at ing requi rement s ,  there i s  ve ry l i t tl e  d i fference between 
l ake shore and inl and loca l i t ie s . At Toronto I s land , for examp le , t he 
average seasona l hea t i ng degree-day accumu l a t ion ( 1 9 51 -19 8 0 )  i s  
6 9 800F ( 3 8 800C) , wh ich may be compared w i t h  To ronto  Ai rport 
( 7 4 6 00F o r  414 5°C HDD ) and Toronto i t s e l f  ( 6 563°F o r  3645° C 
HDD ) . The a i rport i s  a t  a s imi lar d i s t ance inl and t o  tha t of  
Bu f falo . The hea t ing re qui rement s  are l e s s  w i t hin t he c ity  because o f  
the gene ra l ly e leva ted a i r  tempe ra ture i n  urban area s .  

Th e  con t ra s t  i n  t empe rature s from l akesho re t o  inl and can be ve ry 
ma rked , pe rhaps mo re t han 1 8°F ( 1 0° C) at the t ime o f  ice bre akup . 
Rumer ( 1 980)  has obs e rved tha t the s pring average da i l y tempe rature 
d i f fe rence be tween t he Buf falo sho re l ine a rea and t he a i rpor t i s  up to 
6°F ( J° C) . S tud i e s  o f  air t empe rature d i f fe rence s be tween l arge 
lake s and the adj o in ing l and areas ind icate a rap id tempera ture 
increase on a f ine s pr ing day within t he f i rs t  hal f-mi le or k i lome t e r  
of the l ake a l ong a regular shore l ine w i t h  n o  part icular  b lock ing 
obs tac le . Whe re shorec l i f f s  or  h igh b u i l d ings r ing t he shore l ine , the 
tempera ture change occurs c l o s e r  to  the l ake . Figure 7 contains a 
gene ra l i zed dep i c t ion o f  t he natura l  f low o f  a i r  from l ake to l and , 
and the reve rse tha t occurs when local  pre s s ure grad ient s are 
e s tab l i shed by contra s t ing air t empe ra ture s . Dayt ime and night t ime , 
spring and fal l case s are i l lu s t rated . Local c i rculat ions do no t form 
o r  a re not apparent when t he regiona l air  c i rculat ion is  s t rong or 
dur ing pre c i p i ta t i on .  

METEOROLOG ICAL OBSERVATIONS AT LAKESIDE CITIES 

In add i t ion to  air tempera ture , sunshine (or  c l oudine s s ) , humid i t y , 
and w ind c ond i t ions a t  t he shore l ine may be cons iderab l y  d i f f e rent 
from those of some d i s t ance inland . Wha t then i s  a re presenta t i ve 
s i te for me teoro l ogical  measurements a t  Buf falo and a t  Fo rt Erie ? It 
de pends on the purpose for which mea surement s are t aken.  Fo r many 
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days of the year the cont ras t  be tween lake s ide and inland i s  no t 
gre a t . These a re ra iny o r  s nowy days , mid- and l ate-winter days , l ate 
summer and early f a l l days , and day s when the wind is off the land . 
The World Meteorological Organizat ion ( WMO )  o f  t he Uni ted Na t i ons has 
se t s tandard s for the s i t ing of me teorologi cal  s ta t ions i n  orde r t o  
ob t a in uniform informat ion valid f o r  a s  extens ive a n  area a s  
po ss ible . Th e  WMO re commend s  re lat ive l y  f la t  s i t e s  having a l ow 
ve ge t a t ion whe re b u i ld ings , s t ruc ture s , and abrupt c hange s in 
topo graphy and wa ter bod ie s a re we l l  away from the measuring 
i n s truments . The se  recommenda t ions insure t ha t  measurements are not 
inf luenced by high l y  loca l ized factors . Tempe rature s are warme r on 
s un-f ac ing s lope s , for e xample , and re l a t ive l y  cooler in val leys and 
de press ions a t  night ; wind s are mo re turbulent and variab le  i n  
d i re c t ion ove r h i l l s ;  t he b u i l d ings and s t ree t s  o f  a n  urban area 
absorb more ene rgy and are warme r than the countrys i de . Howeve r ,  ove r 
a more e xtens ive a rea t hese  e f fec t s  are c ounterbalanced ,  and t he 
re giona l  c l imat e  has a certain uni formi ty , whi c h  a f t e r  suf f i c ient 
homogeneous da t a  have been c o l lec ted may be compared and cont rasted 
with o the r regiona l c l ima t e s . 

The Na t iona l Weathe r  Service Meteorological S ta t ion at Buf falo , 
lo ca ted on eve n  terrain a t  the Buf f a l o  Ai rpo rt , i s  re presentat ive o f  a 
b road surround ing a rea , but wi l l  not d e t e c t  seasonal and da i l y  
lake shore c l imat i c  charac teris t i c s  even though i t  i s  onl y abou t 8 mi 
( 1 3 km) from t he shore . There fore s tudies s uch a s  Rume r e t  al . 
( 1 98 3 ) , Quinn e t  a l . ( 19 81 ) , and Has san and Sweeney ( 1 9 7 2 )  tha t state 
that t he i ce boom doe s not have an e f fec t  on Buf falo ' s  c l imate are 
correc t  in the sense that , fo r mos t  o f  Buf f a l o , a s  re presented by the 
a i rport me teoro logical s ta t ion , t he re i s  no demons t rab le e ffec t .  
Howeve r ,  for loca l , l imi ted area s near  the shore l ine , the i r  evide nce 
canno t be used to refute a pre sumed e f f ec t . 

ENERGY BUDGET FOR A LAKE 

The heat  content o f  Lake Erie  has an annual c yc le with a maximum in 
late summe r and a min imum in late  winter or early  s pring ( Rume r and Yu 
1 9 7 8, Pinsak and Rodge rs 1 9 81 ) . In add i t ion , day-to-day var i a t ions in 
heat ing and cool ing of Lake Eri e  are a s soc ia ted w i t h  the pass age o f  
s t orms . Du ring t he warming period from l ate w inter to  l ate summe r  
( March through Augus t ) , the primary proce s s  warming Lake Erie i s  t he 
increased ne t rad iat ion f lux into t he l ake due to  t he comb ined solar 
and terre s t rial  rad iat i on .  During the coo l ing pe riod ( from l a t e  
s umme r t o  mid-winter) , t he dominant l ake-c ool ing proce s ses  are the 
evapora t ion of  lake wa t e r  into the atmo sphere and the  sens ib l e  heat i ng 
o f  t he coo ler a tmosphe re by  t he warmer l ake . An ene rgy b udge t mod e l  
appl ied t o  Lake Erie provide s under s t anding o f  na tura l mechanisms . 
The l ake ( o r  a port ion o f  i t )  i s  t reated a s  a box--c hange s in ave rage 
ene rgy i n  the l ake vo lume are re lated to  ene rgy f luxe s o r  transpo rt s 
through t he s ide s , bot tom, and top . A heat budge t e quat ion for Lake 
Erie may be wri t ten as f o l l ows : Q = n + v + f + s + e ,  whe re Q i s  t he 
ne t heat ing o r  cool ing o f  t he l ake , n i s  the net rad iat ion f lux int o 
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the l ake , v i s  the d i fferent i a l  heat t ransport o f  wat e r  flowing i nt o  
and out o f  t he lake at  d i f ferent temperatures , f i s  the h e a t  t rans port 
by wa ter f lowing into the l ake replacing i c e  f l owing down t he Niagara 
River, s is the s ensible  heat ing of the l ake by  the a tmosphe re ,  and e 
i s  the hea t i ng e ffec t o f  evapora t i on or condensat i on ( latent 
heating ) . In the s pr ing per iod , Apr i l  o r  May , the sum of sens ible and 
latent hea t ing ove r  a week ly  pe riod i s  sma l l  ( Pins ak and Rodger s 
1 9 81 ) , s o  the t e rms s and e may be dropped from c ons idera t ion . 

It i s  ins t ruc t ive t o  app ly thi s heat balanc e concept  in Apr i l  
during f inal i c e  d i s s ipat ion t o  a volume o f  Lake Erie o f  rough ly 14 0 
m i2 ( 3 6 0  km2 ) s urface a re a  e a s t  o f  a l ine o r i ented s ou theas t  
through Port Colborne (see Figure 8) . Le t  us cons ider two 
hypothe t i cal c a s e s  i n  whi ch the eas tern ha l f  o f  this  area is 100 
percent cove red by i c e  1 . 6  ft ( O . S m )  thick and the we s t e rn ha l f  i s  
i c e  free ( Fi gure 8) . In c ase  A, a weak eas terly wind wi l l  keep the 
i c e  cover  i n  p l ac e  with no i c e  transpor t out o f  t he area . In c a s e  B ,  
a we s terly wind w i l l  resul t i n  ice  t rans port down the Ni agara River at  
10 mi2 ( 2 6  km2 ) per  day . typ ical  values ( for late  Apr i l )  o f  the 
hea t ing proce s s e s  i n  un i t s  o f  calori e s  p e r  square cent ime t e r  per  d ay 
( c a l  cm- 2 d ay-1 ) a re n � 3 SO,  v � 8 S ,  s + e � 0 ;  f wou ld be 0 for 
cas e A and 2 3 0  for case  B ;  the ne t hea t ing for case A is 4 3 S .  I f  c a s e  
A c ond i t i ons pers i s t  f o r  7 d ays , the wa ter t emperature o f  the i ce-free 
area wou ld  increase by S0P ( 2 . 8°C )  to  a depth of 33 ft  (10 m ) , t he 
i c e  woul d  me l t  comp l e t e l y  over the ini t i a l l y  i ce -c overed area , and t he 
wa ter temperature wou ld be 3 2°F ( 0°C)  (see Append i x  B for t he 
calcula t i o n) . I f  case B cond i t i ons pers i s ted for 7 days , 7 0  mi 2 
( 1 8 0  km2 ) o f  i c e  wou ld be  t ransported down t he Ni agara Rive r ,  the 
wa ter tempera t ure in  the we s t ern ini t ia l ly i c e -free area wou l d  
i ncrease by S0P ( 2 . 8°C) , the i ce wou ld b e  e l iminated from t he 
ea s t ern ini t i a l ly i ce -cove red are a , and the re sul t ing wa t e r  
tempera ture woul d  vary l inearly with  d i s t ance from 3 70p ( 2 . 8°C )  t o  
3 2°P ( 0°C) . The resul t ing average d i f ference in  wa ter tempera ture 
be tween c a s e s  A and B would be 2 . S0P ( 1 . 4°C )  over t he eas t e rn  
i n i t i a l l y  i ce-c overed are a  due t o  i ce t rans ported out o f  the eastern 
area ( and down the Niagara River ) b e i ng replaced by wa ter  and s ome o f  
the ne t radiat ion warming t h i s  wa ter rather t han me l t ing i ce . The 
examinat i on of c a s e s  A and B with t h i s  s imp l e  energy budge t mode l 
pr ovides an examp le o f  the magni tude o f  na tural variab i l i ty in the i ce 
d i ss ipa t i on proce s s--l ake temperature d i f ferenc e s  o f  t he order o f  
2oF ( 1°C) c an re s u l t  from natural variab i l i ty i n  wind ve l oci ty .  
Rumer ( 1 9 7 3 )  has appl ied s imi l a r  conc e p t s  t o  an ana lys i s  o f  the i c e  
d i s s i pa t i on pr oce s s . 

Th e  wa ter t emperature d i f ference s  c a l cula ted above are we l l  wit hin 
the na tura l variab i l i t y  of wa ter temperature s i n  Lake Eri e for 
d i f ferent wea ther c ond i t ions i n  the s pr ing . The impac t on a i r  
tempera ture o f  a sma l l  wa ter temperature d i f ference i s  even sma l l e r ,  
whe reas t he natural variab i l i ty o f  a i r  t emperature i s  large . Thus , 
smal l wa ter tempera ture d i f ferences  (between i c e  and no i c e  
c ond i t ions) wou ld  resul t i n  neg l igible and poss ib ly unde tectab le a i r  
temperature d i f ferenc e s  on shore . Na tural variations in a i r  
t empera ture due t o  variab l e  wind s peed and d i rec t ion and the depth o f  
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the mix ing l aye r (dete rmined by vert i ca l  tempe ra ture variat ion in the 
a i r) would e c l i p se t he inf luence of ice c over. 

Use o f  an ene rgy balanc e mode l to  explain de ta i l s  o f  i c e  t ranspo rt 
and me l t  should  not be  c arried too f ar s ince s igni f icant spa t i a l  and 
tempora l variab i l i ty occurs i n  the l ake , and lake dynami c s  plays  an 
import ant role i n  i ce t ransport and t he me l t ing proce s se s .  Fo r 
examp le , dur ing f ina l s tage s  o f  i c e  d i s s ipa t ion eas t o f  Po rt Co lborne , 
the s h a l l owe r nearshore region o f  t he e a s tern bas in o f  Lake Erie wi l l  
warm ( due t o  ne t rad iat ion ) mo re rap i d l y  than the dee pe r off shore 
region .  Th i s  c auses  a s t rong o f f shore t empe rature var iat ion and a 
s t rong (on the orde r of  1 6  mi ( 26 km) pe r day ) northeas twa rd curre nt 
a l ong t he u.s. nearshore re gion ( s ee Say l e r  e t  a l . 1 9 81 , page s 
28 3- 28 7 , for comparab le  coas t a l  current phenomena in  Lake Ontario ) .  
An e xamp le o f  t h i s  phenomenon i s  shown i n  F i gure 9 ,  a map of  Lake Erie 
surface tempe ra ture for Apri l 8 ,  1 9 7 6 .  Al though the Lake Erie  coas t a l  
current has  h a d  l i t t l e  s tudy , i t s  e ffe c t  on i ce d is s ipat ion should b e  
s i gn i f icant . Likew i s e , the pas s age o f  s torms inf luenc e s  l ake wa t e r  
and i ce movements  and c an p i le u p  l arge ma s s e s  o f  i ce a long t he 
shore l ine for wh ich ne t rad iat ion i s  the onl y me l t i ng proce s s .  
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F IGURE 9 Lake Erie surface wa te r tempe ra ture , Apri l 8 ,  1 9 7 6 . 
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4 

IMPACTS OF ICE ON AREA NEAR NIAGARA RIVER 

HYDROPOWER 

The boom has s i gni ficant l y  reduced los ses  in hyd ropowe r bene f i t s  
caused b y  i c e  j ams , reduced d ivers ions , e levated  t a i l wa te r s , and 
damaged e quipment .  To t a l  ins t a l led gene ra t ing c apac i ty on the Ni agara 
River is ove r 4000 me gawa t t s  (mw) , w i t h  the Rob e r t  Mose s  and S i r  Adam 
Beck h i gh-head p lant s cons t i tu t ing ove r 80 percent of this total  
capac i ty .  In  a 1980 report to the Interna t iona l Jo int Commi s s ion , the 
powe r ent i t ie s  ind icated t hat  t he boom bad e f fec ted an ave rage 
improvement in powe r gene ra t ion a t  the s e  p l ant s o f  nearly 1 5  pe rcent 
in January and about 9 perc ent in Feb ruary . The se l o s s  reduc t ions 
represent a savings of nearly 41 5 mi l l ion k i l owa t t -hour s  annua l l y .  In 
the c ontext of t he amount o f  fos s i l  f ue l s  requ i red to produce t he 
equivalent amount o f  e l e c t rical  ene rgy , thi s amount o f  ene rgy i s  
e quivalent t o  1 7 0, 000 tons o f  coa l o r  7 6 0, 000 barre l s  of  oil . If a 
very conse rva t ive , o f f -peak value o f  2 . 5 cent s pe r k i l owa t t  hour i s  
a s sumed , t he powe r gene rat ion l o s s  reduc t ion t rans lates t o  ove r $10 
mi l l ion annua l ly . The do l lar  amount o f  inc reased powe r produ c t i on 
f ac i l i ta ted by t he boom , howeve r,  may exceed $30 mi l l ion or more i f  
l o s se s  are a s s umed to b e  avo ided in t h e  peak ing pe riod o f  wint e r  
months . 

In both preboom and pos tboom years , the greatest  reduc t ions in 
hyd rogene rat ion have occurred in the winter months of  January and 
Feb ruary , and , to a s omewhat l e s s e r  extent , March .  There have been 
ice -re l a ted powe r reduct ions in Apri l and May as we l l ,  bu t s pring 
season l o s s e s  gene ral ly have been neg l i gib le  compared to those of the 
winter months , even in  ext reme years . Al though a j am occurred on 
Apr i l  3 and 4, 1 9 8 2 ,  when i ce ove rtopped the boom , for example , total 
power losse s for the ent i re month of  Apri l  cons t i tu t e d  onl y  1 1 . 5 
p e rcent o f  t o t a l  e s t ima ted January t hrough May reduc t ions . Power l os s  
i n  May 1 9 8 2  amounted to only abou t 4 pe rcent o f  t o t a l  Janua ry through 
May l o s se s . 

In a 1 9 6 8  report propos ing a l a t e r  and more f lexib le date for �oom 
removal ,  the Niagara Rive r Board o f  Cont ro l  e s t imated tha t ene rgy 
l o s se s  a f te r  Apr i l  1 ave raged approximately  $5 , 200 per year for the 4 
ye ars tha t the boom had been in ope ra t ion and we re "re l a t ive l y  
minor. " Mos t o f  the pos t-Apr i l  1 l o s s e s  we re a t t ributed t o  decreased 
d iversions to insure an adequa t e  f low to carry i c e  ove r the fal l s .  
Al though the Board o f  Con t rol  c i t ed cases  o f  l arge runs o f  l ake ice in 
late Apri l and early May--spe c i f ica l l y  in 1 9 09 , 1 9 3 8 ,  and 1947--and 
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argued tha t s imi lar cond i t ions could create exce ss i ve losse s afte r the 
f ir s t  wee k  o f  Apr i l , spr ing losses  o f  record have been o rders o f  
magni tude l e s s  than reduc t ions experienced in winte r month s . The 
re l a t ive ly mino r nature o f  pos t-Apr i l  1 hyd ropower l o s se s  is  further 
conf irmed in a 1980 s tatement by the powe r ent i t ie s , whi ch report s 
that d i f fe rence s i n  preboom and pos tboom powe r generat ion for the 
months of  Apri l  and May have been "ins igni fican t . "  

A recent ( NYPA and On tario HYdro 1 9 83) report e s t imates two set s 
of Apri l powe r gene rat ion figure s  for 1965 through 1982 , one se t 
a s suming that the boom was in p lace for the month and the o the r 
as suming no boom. OQmpari sons o f� these  e s t imate s are then emp loyed t o  
quant i fy the dollar value o f  the b oom i n  reduc ing Apr i l  power los se s .  
Wh i le admi t t ing tha t such ca lculat ions are based o n  numerous 
a s sumpt ions , t he powe r  ent i t ies  e s t imate that t he boom can save 
seve ral  thous ands of dol l ars in Apri l--part icularly during the f i r s t  
1 0  days o f  the month--and hundreds o f  thousand s o f  dol l ars i n  ext reme 
years such as  1 9 7 6  and 1982.  The powe r ent i t i e s  expre s s  concern tha t 
part icularly s eve re ice runs in Apr il,  such a s  t hose that occurred 
prior to the cons t ruc t ion of the h i gh-head p l ant s ,  could inf l i c t  s o  
much d amage to s ome o f  the gene rat ing f ac i l i t ie s  themse lve s that they 
could no t be repai red economica l ly .  At the same t ime , the powe r 
ent i t ies  ac knowledge tha t  Apr i l  ene rgy s avings a t tributab le to t he 
boom are typica l l y  qu i t e  sma ll in re l a t ion t o  tho s e  accruing ear l ie r 
i n  the i ce season. 

In add i t ion to  t he re be ing negligib le  ave rage s pr ing powe r 
reduc t ions , monitoring of  ice d i scha rged from t he l a ke ove r a period 
of three years ind icates that spr ing ice u s ua l ly has l it tle o r  no 
internal s t rength , and as  a resul t ,  the b oom has ve ry l imi t e d  
re s tra ining e f fect ( In t e rnat ional Niagara Working Commit tee 1 9 7 5 ,  
1 9 7 6 ,  1 9 7 7 ) . 

In s ummarg ,  all a vailable informa tion indicates tha t the ice boom 
substantiallg reduces losses in power generation in all but verg 
severe s torms . Depending on specific time of occurrence , reduction in 
gearlg losses mag reali sticallg exceed �30 million , but � bg 
conservative es tima tes , the ice boom precludes energg losses of 
approximatelg �10 million annuallg . Blstoricallg , most substantial 
losses have occurred in the winter months ; consequentlg , i t  is during 
Januarg , Februarg , and March that the presence of the boom has been 
the most cri tical and the most effective . Damaging runs in April are 
rare but in extreme cases could effect major reductions in power . 

EROSION 

The Ni a gara Rive r shore line inc l udes 69 mi ( 1 1 0 km) of mainland and 37  
m i  ( 60 km) of i s l and .  Eros ion o f  the shore line re sul t s  princ ipa l l y  
from rap idly mov ing rive r  wat e r. Eros ion i s  greatest  when wat e r  f l ows 
are abnorma l l y  high .  When f l ows are near norma l , the e ros ion a l  
proce s s  i s  usua l ly s low s ince mos t  o f  t h e  e a s ily e rod ib le mate rial has 
al ready been removed and transported downs t ream.  The e s tab l i she d 
channe l provides a good wa ter t ransport a t ion route . 
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Eros ion increas e s  when water leve l s /flows go up and /or when 
material such as  ice is  transported by the water.  Erosion is highe s t  
when wa ter leve l s  are i n  the uppe r norma l  range , especial ly i f  large 
quant i t ies  o f  hard i ce are also  being t ransported . High water f lows 
expose the rive r  banks to the force of the water.  River banks or  
shore l ines in  the Buffalo area are fre quent ly c omposed o f  sof t , eas ily 
e rodible sediment s such as weak shale beds , and unconsol idated 
materials  o f  glacial origin. The increased e rosion continues unt il 
e ither al l broken material i s  removed or the water leve l s /flows return 
to "normal" and the r iverbed s tab i l izes . 

Transportat ion of  ice  can increase the eros ional proce s s , 
part icularly hard p ie ce s  o f  b lue o r  b l ack i ce , which will  s cour and 
gouge the riverbed and shore l ine . If combined with high water leve l s , 
the des truc t ive force o f  the ice and water c an greatly modi fy river 
banks , channe l s , and shore l ine s and destroy even s t rongly bui l t  
s tructure s . A recent survey ind icated 2 1 7 4  boat s l ips and 225 
moorings in existence on the U . S .  s ide of the Niagara Rive r alone 
( ILERSB 1981 ) could be damaged . . 

Wa ter leve l s/f lows in the Niagara Rive r are d irec t ly related to 
Lake Erie ' s  water leve l s . Lake Erie ' s  leve l s  in turn are a natura l 
func t ion o f  me teorological and hydrological cond i tions of  the uppe r 
Great Lake s region .  There fore the conceivable  impac t of  the ice  boom 
on wa ter l eve l s /f lows i s  l imited to the ab i l i ty o f  the boom to keep 
the ice from forming ice dams and allowing the wa ter to f l ow 
unres tricted under the ice f ie l d . 

22le impact of the ice boom on downstream erosion ·  and ice damage 
has not been completel !l quantified . Bowever, the boom appears to 
decrease the chances of local flooding caused b!l i ce  jams b!l 
decreasing the abundance of hard ice entering the river. Ice runs in 
1964,  j u s t  prior to the b oom ins tallat ion , caused $146 , 000 in damage s 
to marinas . 

FLOODING 

Flooding has been a recurring prob lem on the Niagara River .  Th e  mos t  
vulne rable  areas  have been Cayuga Is land and Grand Island . Cayuga 
Is land , for example , has expe rienced 10 f loods s i nce the advent of 
res ident ial deve lopment in the early 1 940' s .  Unl ike mos t  rive rine 
f l oods , which are caused by exce ss ive seasonal runo f f , floods on the 
Ni agara have resul ted from a backwater e ffec t c aused by ice j ams , 
s trong southwe s terly winds that raise the water leve l  at  the eas te rn 
end o f  the lake , o r  a comb inat ion o f  both. 

Reduct ion of f lood ing on the Niagara River has been a frequent ly 
emphas ized secondary benefit  of  the i ce b oom. While there doe s appear 
to have been a decrease in flood severity and frequency in pos tboom 
years , two po ints me rit  at tent ion : ( 1 ) the i ce boom has l it t l e  e ffec t 
on ice j am f l oods of  ext reme magnitude ; and ( 2 ) the decrease in 
f looding i s  not a t tributab le solely to the i ce boom but also bas been 
affec ted by regulatory change s governing d ivers ions from Gras s Is land 
Pool . 
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As eviden t from ice -j am-induced f loods of  1 9 7 5  and 1982 , the b oom 
ne i ther comple te ly e l imina tes f loods nor reduce s the magni tude of 
ex treme even ts . As more thoroughly de scribed in Chap te r 2 ,  the boom 
i s  des igned to fac i l i ta te the forma tion o f  an ice arch. Wh i le the 
boom has succe s sfully done thi s , i t  wi l l  subme rge in large s torms and 
al low wind-d riven i ce to move downs tream across  the submerged 
s truc ture . Ice pass ing ove r the boom in such events may become j ammed 
downs tream in  the r iver and c ause f looding . Al though argumen ts in 
support of the boom ' s e f fec tivenes s  of ten c i te the March 1 9 5 5  flood 
( the gre a tes t f lood of  record ) as a part icularly damaging even t tha t 
woul d have been mi tiga ted by the boom ,  the re i s  no reason to bel ieve 
tha t a comparab le e ven t would be e l imina ted or  appreciably al tered i f  
i t  occurred wi th the boom in place ( U . S .  Army Co rps of Engineers 1 9 7 9 ) . 

Du ring periods o f  free f low down the Niagara River,  wa te r d iver ted 
for power can reduce Grass  Is land Pool leve l s . Such divers ions can be 
s ignif icant in reduc ing f loods caused by s torm-induced inc reases in 
lake level . When the boom i s  overtopped by large ice runs , howeve r ,  
the s tage of  Gras s  Is land Pool mus t b e  maintained a t  a level tha t 
fac i l i ta te s  the movement of ice and reduce s the amoun t of  ice  
grounding . 

Wh i le the ab i l i ty of the boom and d ive rs ions from Grass Is land 
Pool to mi tiga te ice jam floods of extreme magni tude is doub tful , 
the re i s  amp le reason to bel ieve tha t more frequen t ,  mode ra te f loods 
are al levia ted in severi ty or e l imina ted en tire ly . A 1966 Corps of  
Eng inee rs feas ib i l i ty s tudy for  f lood con trol on  cayuga Is land prior 
to ins tallation of the ice boom es tab l ished a s tage he igh t  of the 
25-year f lood as 5 6 7 . 5 f t  ( 1 7 3  m) IGLD . A s imi lar Corp s  s tudy 
re leased af ter seve ral years of boom opera tion and regula tory change s 
a f fec ting Gras s  Is land Pool  ind ica ted tha t the 25-ye ar f lood s tage was 
reduced by 0 . 6 f t  ( 1 8 em) . Seemingly smal l , th i s  decrease 
cons ide rab ly les sens the area of  inunda tion in a 2 5-year f lood . 
Similarly , there have been fewe r ice j am f l oods on cayuga Is l and s ince 
the ins talla tion o f  the boom than occurred in the s l igh tly shorter 
period of re cord prior to  1965 . As a resul t ,  the 1979  Co rp s s tudy 
conc luded tha t reduc tions in f lood ing obvia ted the need for s truc tural 
con trol s tha t had previously been recommended as technically  and 
e conomical ly feas ible . 

The inab i l i ty to segrega te comple te ly the e f fec ts of  the boom from 
the effe c ts of  the Gras s Is land Con tro l Struc ture and the diff icul ties 
o f  isola ting even ts tha t have been reduced o r  e l imina ted by the se 
s truc ture s confound any effort  to d raw spec i f i c  conc lus ions abou t the 
e f fec tiveness  of the boom in mi tiga ting f lood los se s . However,  i t  can 
be safely and fairly general ized tha t ,  while  d ivers ions from Gras s  
Is l and Poo l  reduce the magni tude o f  free-f low f loods , the i oe  boom 
reduces the frequency of ice jam flooding, al though the boom has 
l i ttle effect on high-magnitude floods . 
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B IOLOGICAL NATURAL RESOURCES 

The Niagara River, with approxima te ly 1 06 mi ( 1 7 0 km) of shore l ine 
(ma inland and i s land comb ined ) ,  i s  a very produc t ive f i sh and wildl i fe 
area . Approximate ly 7 21 acre s  ( 2 . 9 2 km2 ) of wetlands exi s t  on the 
U . S .  s ide of the r iver ( ILERSB 1 9 81 ) . A recent f ish survey in the 
boom area identi f ied 2 7  f ish spec ies . Relat ive abundance s are given 
in Append ix Tab le C-1 .  Other s tudies have identified 91 spec ies of  
f ish from the Niagara Rive r and tribu tarie s ( Appendix Tab le  C-2) . A 
large s ports f ishery exi s ts on the ext reme eastern end of  Lake Erie 
and the upper Niagara Rive r .  This  f ishery is mainly populated by 
smal lmouth bas s , ye l low perch , wal leye , northe rn  p ike , muske l lunge , 
and various spec ie s of introduced trout and salmon .  

f.h e  impact of the ice boom on these fish resources i s  considered 
negl i gible during the early and mid�inter time periods . The greatest 
potential for a boom impact occurs during the spring spawning season 
by ( l )  altering the spring rise in wa ter temperat ure and ( 2) altering 
the degree of ice scouring on the Lake Brie shores and upper Niagara 
Ri ver . 

Water temperature i s  an important fac tor in the reproduct ion , 
growth , and behavior of f ishes . In particul ar , the t iming and succe s s  
of  reproduct ion of  s pe c ies  that spawn i n  the spring are often related 
to the rate and regularity of water warming during the spawning and 
incubat ion periods . Ye l l ow perch,  wal leye , northern p ike , 
muske l lunge , smallmouth bass , common sucker ,  and burbot spawn in the 
early s pr ing in e a s tern Lake Erie and the upper Niagara River ( O ' Ha ra 
1 9 7 7 ,  Harrison e t  al . 1 9 7 8 ,  Spo t i l a  e t  al . 1979 , ILERSB 1981 ) . 

No s tudies have been undertaken to assess  d irectly the impact of 
the ice boom on reproduct ive success  of f i shes in this  are a ,  and 
insuffic ient da ta exis t to e f fect ively evaluate the d i rect ion and 
magnitude of such an e f fect , should  i t  exis t . 

A review of the ava ilab le f isheries l iterature provides some very 
general guide l ine s as to  the leve l of boom-related phys ical change s 
necessary to affect f ishes . If the delay in spawning i s  of a few days 
and the change in tempera ture is l e s s  than l . 0°F ( 0 . 5° C) or the 
rate of change in temperature is  compensated for within 2 days , any 
a f fect on f i shes would be negl igible under normal c ircumstance s .  It 
is concluded from estima tes of the effect of the ice boom on water 
temperatures that the boom does not significantly affect fisheries in 
the area . Should the e f fect of the ice boom ( i ce holding) on the 
water temperature be undere s t imated , impacts on fisheries resource s 
might occur ( see Appendix C for d i s cuss ion) . 

Ice scouring of the bot tom occurs within Lake Erie and the Niagara 
River. The effects  of  the boom on ice s couring e i ther in the l ake or 
the river i s  no t known. Ice scours could de s t roy hab i tat or even f i sh 
e ggs o f  early spawners in the case of  late i ce floes . Ice scours 
could also  have benefic ial impac ts by creat ing hab i tat  d ivers i ty in a 
region , the reby increas ing the produc t ion o f  benthic inve rtebrates , or 
by provid ing good spawning s ites  or larval re fugia for f i she s .  

A l is t  o f  other types o f  wildl ife in the Great Lakes area 
includ ing the Niagara Rive r and eastern Lake Erie and we stern Lake 
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On tario i s  given in Appendix  F of Envi ronmen tal  Effe c ts o f  the Lake 
Erie Wa ter Leve l  S tudy ( ILERSB 1 9 81 ) . Information conce rning the 
po ten tial impac t o f  the ice boom on these resources i s  no t availab l e . 
Co l onial nes ting b irds such as the Common Tern , Ring-B i l led Gu l l , and 
Herring Gul l occupy nes ting s i te s  loca ted on the Buffalo Breakwa te r ,  
on the sou theas t por tion o f  Buckhorn Is land , and i n  the Niagara Gorge 
areas ( Scharf 1 9 79 ) . These  b i rds  may f ind feed ing a l i t tle more 
d i f f icul t during an ex tens ion of the leng th of ice cove r, but a few 
days woul d be ins ignificant . 

RECREATIONAL F ISH ING 

Eas tern Lake Erie and the Niagara Rive r  are used extens ively by sports  
f i shers . A s ta tewide angler survey conduc ted by the New York 
Depar tmen t of Environmental  Conserva tion in 19 76-1 9 7 7  showed a to ta l 
of  613 , 100  angler days spen t annual ly on the New York wa te rs of  Lake 
Erie . To tal expend i ture s  a t  the de s tina tion are es tima ted a t  $1 . 8  
mi l l ion o r  approxima te ly $3 spen t per angler day ( Brown 1 9 80) . 
Approxima te ly 98 pe rcent of these  angler days origina ted in the 
Buffalo area . A f ur the r to tal of 510 , 700 angler days was es tima ted 
for the Niagara Rive r wi th an ave rage expendi ture a t  des tina t ion of $ 2  
pe r angler day . Abou t 99  percen t of the se angler days origina ted from 
the Buf falo area . 

Ea s tern Lake Er ie anglers f ish for a varie ty o f  species . 
Approxima te ly one-th ird of the anglers prefe rred to fish  for wal leye . 
O the r maj or targe t spec ies are coho salmon , various spe c ies of  trou t ,  
bass , ye llow perch , northern p ike , muske l lunge , and bul lhead s .  

I t  has been c on tended tha t the ice boom s ignif ican tly delays the 
beginning of the s pring recrea tiona l  boa ting and fishing due to the 
pre sence o f  ice and tha t this in turn a f fec ts the local economy . To 
assess  adequa tely the maximum e f fec t of  the boom on thi s  recrea tional 
f ish ing we need to know ( 1 ) the exten t tha t the boom delays ice 
removal in the lake , ( 2 )  the ex ten t to which fishing in Lake Erie is 
de laye d by the pre sence of the ice , and ( 3) the fac tors tha t ini tia te 
the beginning of s pring f i sh ing and rec rea tional boa ting (e . g . , a i r  
tempe ra ture may be importan t ) . Ex tending the dura tion of ice o n  the 
lake for a few days should have a negl igible e f fec t on the local 
economy . Fish ing e ffort and recrea tional boa ting vary seasonally and 
do no t peak in early spring . For example , the f i sh ing seasons fo r 
muske l lunge and bass in New York S ta te wa ters of  Lake Erie do not 
begin un til  the third Sa turday in June , and the fishing seasons for 
wal leye and nor the rn p ike do no t open un til  the f irs t Sa turday in May 
( they are c losed from March 1 5) . 

As an uppe r-l imi t e s tima te of  the poten tial economic impac t of a 
de layed s tart of  re crea tional f ishing due to ice cove r ,  i t  can b e  
as sumed tha t f ishing e ffort  is negl igible during ice cover and spread 
equally throughou t the re s t  of the year , say , Apri l  1 to December 31 .  
The re sul ts show a l o s s  of  2 229 angler days on Lake Erie for each day 
tha t the s tart of  the spring fishing season migh t be delayed . Th i s  
amoun ts to ove r $6 7 00 p e r  day . This s imp le analysis assumes a lack o f  
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a seasonal variat ion in f ishing e ffort ; i t  also  assumes t hat  any de lay 
in the ini t iat ion of s pring f i shing w i l l  not be compensated for by an 
increase in fishing e f fort l ater in the s eason and thus tends to 
gros sly ove re s t imate the impact .  It also assume s that f ishing and 
recreat ional boa ting los t on Lake Erie w i l l  not be compensated for by 
transferring act ivi t ie s  to  nearby areas such as the Niagara Rive r 
downs tream from the boom .  If the boom is removed while ice is sti l l  
i n  the lake a s  recommended , there is n o  expected delay o f  the start of 
the spring fishing season and consequently no impact on recreational 
fishing . 

COMMERC IAL SHIPPING 

The ice boom itse l f  poses  no s t ructural barrier to navigat ion , s ince 
it does not cross  the navigat ion channel for ships and is open at both 
ends  to pe rmi t the pass age of sma l l  boats . However ,  the opening o f  
the navigat ion season i n  the eas tern end o f  Lake Erie depends in large 
part on the t iming of ice diss ipat ion . Navigation on the Niagara 
River  i tself  doe s not commence unt i l  nearly a l l  l ake ice has 
d i ss ipated . Ice inf luences  the opening of Buffalo Harbor and the 
entrance to the We l land canal at  Port Co lborne . Based on the 
content ion that  the boom can re tard the diss ipat ion of lake ice , some 
commerc ial shipp ing intere s t s  have argued that  the boom delays the 
opening of the navigat ion season by a number of days or even weeks . 

In the fal l o f  1968 ,  the Niagara River Board of  Cont rol queried 
concerned part ie s about the prospe c t  of mak ing the date for boom 
removal more f lexible as nece s s i ta ted by the part icular seasonal 
characteris t i c s . Three of 10 commerc ial shipping intere s t s  that 
re sponded expres sed the view that  the d i s s ipat ion of l ake ice was 
func t iona l ly related to the boom and opposed any extens ion of  the 
period of  boom ope ration .  Th e  d i rec tor o f  the S t .  Lawrence Seaway 
Au thority voi ced s imilar objections , and the Niagara Port Authority 
was re luc tant to endorse a f lexible date o f  boom removal without a 
thorough s tudy of the pos s ible impac t on the ice season . At a pub l ic 
hearing convened by the International Joint Commis s ion in 1 9 7 3 ,  the 
u . s .  Lake Carriers ' Associat ion also  contended that the beginning of 
the navigat ion season was re lated to the date o f  boom removal , 
particularly during seve re winters . 

The S t .  Lawrence Seaway Au thority prevai led on the Atmospheric 
Envi ronment Service ( Canada ) to conduc t an investigat ion of boom 
impacts  on navigation ,  part icularly the opening at  Port Colborne . In 
the resul t ing s tudy , Webb ( 1 9 7 3 ) found that detai led navigat iona l 
records nece ssary for a meaningful preboom ve rsus pos tboom comparison 
were no t available . As a consequence , Webb carried ou t a theore t ical 
examinat ion of  i ce d is s ipation .  That examination conc luded that the 
e f fects  of the boom we re "almo s t  nil " and that  any de lay in ice 
d i s s ipation would involve only a matter o f  hours . 

Informat ion on annual dates of opening for Buffalo Harbor doe s 
exis t .  Fo r the preboom years 1 9 2 7  through 1 9 64 ,  the average date of  
harbor opening was Apri l  7 .  The average opening in pos tboom years 
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with flexible removal date ( 19 7 0-1982) was also Apri l  7 ,  and the 
ave rage opening date for a l l  pos tboom years ( 1 9 6 5-1 9 82) was Apr i l  8 .  
Correspond ing data for Port Oolborne show an average March 30 opening 
date , but nei the r the Buf falo Harbor nor the Port Colborne data 
provide a sound bas i s  on which to evaluate pos s ib l e  boom impac t s  on 
commerc ial  shipping . Specif ically , opening dates re f lect  many fac tors 
in add i t ion to ice d iss ipat ion : advance s in i ce -breaking technology , 
occurrence of  hol idays , and variab le economic cond i t ions , for 
example .  For this reason , mos t  peopl e  analyz ing boom impac t s  have 
been re luc tant to cons ider harbor and port opening dates as meaningful 
indice s  of  navigat ion cond i t ions and comme rc ial shipping ac t ivity . 

In the abs ence o f  adequate and appropr iate data on navigat ion in 
eastern Lake Erie and the Uppe r Niagara Rive r ,  the boom ' s  pos s ib l e  
e f fect  o n  commerc ial sh ipping mus t  be evaluated in the context of  ice 
d i s s ipat ion informat ion and c l imatological data . Since the boom has 
had , at mos t ,  sma l l  and ve ry short-t e rm  e f fects  on local a ir and water 
temperature s  tha t canno t be d i scerned with exi s t ing data (and are 
perhaps indisce rnib le ) ,  the pane l concurs w i th Webb ' s  conclus ion that 
the effect of the boom on commercial shipping activi ties has been 
negli gible and that ang boom-induced delags in the opening of the 
navi gation season are indeed on the order of hours rather than dags or 
weeks as has sometimes been contended . 

OTHER PUBLIC CONCERNS 

Du ring pub l ic mee t ings hel d  in March 1983  in Fo rt Erie and Buf falo , a 
number of add i t ional concerns we re voi ced about the boom and i t s  
pos s ible impac t s  o n  local activi t ies  and env ironments . Wh i l e  several 
of these i ssue s  are impl i c i t l y  add ressed elsewhe re in this  report , the 
pane l wishes to re s pond to a l l  concerns as spe c i f ically and completely 
as avai lable  informat ion permi t s . 

The object ions to  the boom mos t  fre quently expres sed a t  the pub l ic 
mee t ings we re based on the bel ie f  that by caus ing a pro trac ted period 
o f  cool tempe ratures , the boom e ffects  shorter growing seasons and 
contributes to  highe r res ident ial heat ing b i l ls . Al though data needed 
to evaluate these  conce rns d i rect ly are not available , it is  indeed 
qu ite l ike ly tha t the growing season has been somewhat shorter in 
recent years and that space hea t ing cos t s  have risen fas ter than 
increases  in fue l  price s . These  c i rcums tances , howeve r ,  are 
a� tributed to c l ima t ic coo l ing experienced throughout much of the 
Great Lake s re gion ( see Chapter 3 )  rather  than the presence of  t he i ce 
boom. 

Several res idents o f  Buf falo and the eas tern Lake Erie area also  
no ted tha t the lake leve l has  risen markedly in recent years . Th i s  i s  
true ; the l eve l o f  Lake Erie as we l l  a s  seve ral of  the o ther Great 
Lakes has been ris ing .  Hi gher lake leve l s , howeve r ,  re flect  natural 
processes  tha t  are unre lated to the pre sence of  the ice boom .  Because 
of how the boom ope ra te s , the amount of  wa ter he l d  back by the boom at 
any t ime is negl igible . In fac t , the volume o f  water d ischarged in 
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recent years from the lake into the Niagara River during winter and 
early s pr ing mon ths has been wel l  above the l ong-term average . 

An al terna t ive explana tion volunteered a t  the Buffalo mee t ing to 
account for the rise  in the surface e l evation o f  Lake Erie sugges ts 
tha t the boom has inhib i ted normal ice scouring o f  the Niagara Rive r ,  
thereby increas ing the riverbed e leva t ion and corres pondingly the 
ou t l e t  from Lake Erie a t  the head o f  the river. Thi s explanation i s 
untenab l e  for two reasons . Fi rs t ,  as noted e lsewhere , the boom does 
no t prevent large ice runs , and scouring s t i l l  occurs . Second , water 
entering the r iver a t  the l ake outlet  would norma l ly con tain l i t tl e  
sediment s ince the l ake i ts e l f  ac t s  as a sediment trap . As a resul t ,  
re lat ive ly l i t tl e  s ed iment i s  availab l e  for depos i tion , and the river 
has suffi cient ene rgy to transport i t  downs tream .  In addition , the 
riverbed is probab ly s coured seasonal ly by anchor ice that forms in 
the river independently o f  Lake Erie . Even if sedimentation were 
occurring , i t  is h i ghly improbab le tha t ne t  aggradation of the bed 
during the period o f  the boom ' s  exi s tence could occur a t  a ra te rapid 
enough to account for the c laimed 2-f t  ( 0 . 6 m) rise in l ake leve l . 

The observa t ion also  was made tha t wa ter a t  the Wanakah Wa ter 
Company ,  which s uppl ies the town o f  Hamburg , becomes foul  tas t ing and 
malodorous each s pring . The data neces sary for a preboom versus 
pos tboom comparison of wa ter qua l i ty a t the Wanakah intake are not 
available . Such a s i tuation , however , would  no t be unusual . Surface 
wa ter suppl ies typical ly have les s des irab le tas te and odor 
charac teri s t i c s  in s pring months in part due to increas ed  surface 
runoff  and in part due to add i tional treatment procedures ( greater 
chl orination , for example ) commonly employed to neutral ize  the 
increased runo f f .  Th e  c laim was made , however, that qua l i ty 
degrada t ion at  the Wanakah intake resul ts  from a damming effec t o f  the 
boom, which in turn resul ts  in the re tention of more surface runoff . 
However , i t  has already been no ted tha t the boom does no t dam the 
wa ters of Lake Erie . 

Final ly , a t  the 1 980 pub lic  hearing to cons ider extens ion o f  the 
b oom opera t ion agreement , there was concern tha t the boom presented a 
navigational hazard , particularly to smal l  c raft . Warning markers 
a t tached to the boom were sugges ted as  a means of making boaters aware 
o f  the boom. Al though the amount o f  t ime that b oating can occur when 
the b oom is in pl ace i s  norma l l y  qui te l imi ted , a 1980 report issued 
by the power ent i t ies expres sed their  w i l l ingnes s to ins tal l  safe ty 
devi ces pend ing advice from naviga t i on authori ties  on current 
regul ations . By the 1 983 pub l ic mee tings , however, safe ty markers had 
no t ye t been ins tal led , and the is sue was again rais ed . I f  there 
con tinue to be periods when the b oom is in place tha t  b oating can and 
does occur , the pane l concurs that i t  would be  advisab l e  for the power 
ent i ties to ins tal l safe ty markers . 
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ALTERNATIVE METHODS OF ICE OONTROL 

A number of al ternat ive s  to the present ice boom we re cons ide red by 
the panel ; howeve r, the panel concludes tha t there is no feasible 
al ternati ve that would be comparably effecti ve to the present ice 
boom . Al ternat ives cons idered range from ice re tent ion s truc tures to 
changes in the operat ional use of  the present boom. 

FIXED STRUCTURES 

A variety of concepts  for ice re tent ion s t ructure s  o the r than i ce 
booms exi s t  in the f ield  o f  ice engineering . Mos t of  these cons ist  of 
anchor points such as smal l islands or large piers that would be  
spaced across the Lake Erie out let  to the Niagara River.  In 
comparison w i th the present boom , these have large d i sadvantage s ,  mos t  
no tab ly large cos ts  and the inab i l i ty t o  b e  ope ra ted s o  a s  to allow ,  
a t  appropriate t imes , free pas sage o f  ice and water into the Niagara 
River. Permanent s tructures also  would pre sent a permanent aes thet ic 
change in the appearance of  the lake at  the entrance to the Niagara 
River. For the purpose of ice re tent ion to prevent large ice runs of  
extended dura t ion ,  the present ice  boom i s  cons idered superior to  
o ther s tructural a l terna t ives . 

ICE MANAGEMENT 

Cons iderab le e ffort s ove r the years by the power ent i t ies have already 
resul ted in intake detai l s , confi gurat ions , and ope rating procedure s 
to avo id or  minimize inte rrupt ions to power product ion caused by ice . 
In general , except for very large ice  runs that resul t in i ce jamming 
in the river and consequent f low b lockage , these measures have been 
succe s s ful . The large , extended-durat ion ice runs that the presence 
of the ice boom has a l l eviated are not ab l e  to be accommodated by any 
known improvement in ice management te chnique s at  the intake locat ions . 
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ALTERNATE ICE BOOMS 

Al ternate configurations of the present boom were considered . Anot he r  
boom, e ither in addi t ion to the present boom or as  a replacement , 
located farther out in the lake , was considered to be much more 
expens ive whi le not offering any measurab le advantage to the present 
boom that i s  located in co incidence with the location of the natural 
ice arch locat ions tha t occurred prior to the ins tallat ion of the 
present boom. The boom a l so would not funct ion i f  located c loser to 
the Niagara Rive r  entrance or farther downs tream ,  s ince wat e r  
ve loc i t ies the re e xceed the maximum ve loci t ies  at which ice booms are 
e f fect ive .  

S imilarly , use o f  ice booms that  only part ially extend acros s the 
exit of the lake were cons idered , but no particular advantages were 
found . Presumab ly , openings in the booms would be for the purpose of 
pass ing some ice . This  i s  advantageous only a t  the very end of the 
i ce s eason ,  and opening and removal of the boom occurs prior to thi s  
t ime .  

OTHER ALTERNATIVES 

A number of other alternat ive s  aimed at reduc ing the quant i ty of ice 
i n  the lake near the end o f  the ice season were examined but j udged to 
be not fea s ib le . Dus t ing of the ice cove r  with sand or coal dus t 
would increase the ab sorpt ion of solar radiation and increase mel ting 
ra tes somewhat ,  but the cost s  would be greater than the bene f i t s , and 
the re are s ome obj ec t ions to dus t ing on aes the t ic and ecological 
grounds . Waste  heat (e . g . , from steam-electric  power plants ) of a 
magnitude necessary to cause s ignificant reduc t ion in ice volumes is  
not availab le . Significant increase through channe l improvements  in 
the ab i l i ty of the Niagara River to carry larger amount s of ice 
wi thout jamming would require immense changes in the rive r ' s  geome try 
that c learly are inappropr iate . 

Wa ter intakes o f ten have grates , cal led t rash racks , across  the ir 
openings to prevent large objects  from entering . These trash racks 
of ten become c logged with i ce , part icularly fraz i l  ice that  sticks to 
the bars of  the trash racks . To al leviate this  type of clogging , the 
bars of the racks a re some t imes heated to prevent the ice from 
s t icking to the bars . Trash rack heat ing w i l l  no t al levia te the 
prob lems of  the large ice runs that  the ice boom seeks to l imi t , s ince 
the prob lem is caused by clogging of the rive r  wi th ice rather than 
l ocal i ce b lockage at the intakes . 

Air bubb ler sys tems are of ten used to aid in managing ice 
prob lems . There a re two general types  of  air  bubbler sys tems . In the 
f irst , the ris ing air  bubb les act to move warm water from bel ow 
agains t the ice cover,  and ove r  t ime resul t in me l t ing a local area of 
ice cove r .  In the second , large flows of  air are used to create a 
surf ace current to f lush i ce away from intake areas . Ne ither kind of 
bubbl ing sys tem i s  cons ide red appl icab le in the present case t o  
mi t igate the d i f f icul t ies o f  the large i ce runs that  the ice boom 
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seeks to l imi t . The first  sys tem has no warm water to draw upon , and 
the second "flushing" sys tem i s  only  usefu l  loca l l y  and canno t solve 
the maj or problem o f  the l arge ice runs , i . e . , the c logging of large 
stretches of the river with ice . Both types of systems may be useful , 
however, in mit igat ing less  severe ice prob lems in very smal l areas . 

It has sometime s  been proposed that ice breakers could be used in 
Lake Erie to keep the ice cover broken up . However,  this would be a 
mass ive task and i s  cons idered imprac t ical for tha t  reason. Furthe r ,  
the continual breaking of  ice would both re sul t i n  more ice product ion 
and be redundant with the natura l processes  tha t resul t in pe riod i c  
breaking of the i c e  cover. 
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MODIFICATION OF CURRENT PROCEDURES 

In exam1n1ng the experience of opera t ion of  the present boom toge ther 
with the experience of power interrupt ions pr ior to ins tal lation of 
the boom in 1964 , the pane l found that the mos t  seve re ice prob lems 
as sociated with power product ion occurred during the init ial format ion 
s tage s  and mid -winter periods when the lake ice cove r was of great 
extent . No t  only were the power interrupt ions due to ice smal l  during 
the thawing pe riod but i t  was also  found tha t  the boom d id not 
s ignif icant ly res train ice movement into the Niagara River during 
these thawing periods . It appears that when the ice has deteriorated 
in qual ity as a result of partial thawing, the ice boom is ineffecti ve 
in preventing ice movement into the Nia gara River due to lalce s torms . 
At these same times , should a troublesome run of ice occur , the poor 
qual i ty of the ice makes i t  more manageable a t  the intakes . Bven if 
power interruption should occur, the potential for extended 
interruption is much less than during earl y  winter or mid-win ter . 
22lese considerations s trongly suggest that there is onl y  marginal 
benefi t from the boom during the thawing period . 

22le panel recommends that the boom be opened by April 1 and 
removed as soon as practical unl ess the ice cover is larger than 250 
mi2 (650 km2 ) of ice ,  east of Long Foint . Under these condi tions 
the boom opening may be de laye d  un t i l  the ice remaining reduces to 250 
mi 2 ( 650 km2) in area . 

The pane l cons iders an ice quan ti ty of 250 mi 2 (6 50 km2 ) af te r  
Apr i l  1 as  the turning poin t represen ting the f inal s tage o f  win ter 
cond i tions . This quanti ty i s  a l s o  near the maximum tha t could be 
handled by the river during a l ong and in tense ou trun wi th only  a 
small  chance of a ma j or b lockage . The 250 mi 2 ( 650  km2 ) cri te ria 
i s  ind ica tive of  s ignif ican t  ice me l ting and usua l ly coincides wi th 
reduced ice s treng th . 

The Apr i l  1 da te is  chosen because there is  a l ow  probab i l i ty of 
ice reforma tion at thi s  time , ice is  l ike ly to be in a de teriora ted 
condi tion due to increased solar radia tion ,  and , by regula tion ,  the 
wa te r tha t mus t  pas s  ove r the fa l l s  during the day time increas e s  from 
50, 000 to 100, 000 c fs ( 141 5 to 2830 cub ic me ters per second ) on this 
da te . This change in wa ter flow s igni fican tly increase s  the 
ice-c arrying capaci ty of the river ove r the fal l s  w i thout incurring 
power loss . 
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It  i s  emphas i zed tha t air and wa ter tempera tures in the Buffalo  
region wi th an  ice  boom wi l l  be s imi lar to  those tha t would exis t 
wi thou t an ice boom , and the preponderance of any cool ing effe c t  is  
c aused by na tural cond i tions . However,  a f ter the i ce area a t  the 
eas tern end of Lake Erie has been reduced to a re la tive l y  sma l l  amount  
( l e s s  than 250 mi2 ( 6 50 km2 ) ) ,  the por tion o f  tha t ice tha t can be 
a t tribu ted to the ice-re tain ing capac i ty of the boom , a t  mos t  perhaps 
100 mi2 ( 260 km2 ) ,  can c ause a s l igh t  chi l l ing o f  the wa ter and 
microcl ima te tha t woul d no t o therwise exis t during the early s pring 
warming period . Removing the boom removes this pos s ib i l i ty .  

Th e  i c e  boom i s  from a l l  availab l e  informa tion opera ting as 
in tended : it is  exped i ting the forma tion of an arch in the beginning 
of the ice season , expedi ting the re-forma tion of an ice arch af te r  
s torms i n  mid-winter,  and reducing to some degree the pas sage of ice 
into the rive r  fol lowing s torms . During the colde s t  portion of the 
year i t  accomplishes these purposes wi th no s ignifican t nega tive 
impac ts on any o ther fea ture of  the environment . During this period 
the boom does no t by i ts e l f  res train s ignif ican t  amoun ts of  ice in the 
lake . 

In early spr ing the s i tua tion is  d i f feren t .  Lake ice is 
re la tive ly weak ; once broken the ice  arch i s  unl ike ly to reform 
because tempera tures are no t low enough ; and the amoun t of ice 
remaining on the lake is bu t a sma l l  frac tion of the area of the 
lake . Under these  condi tions , there are s i tua tions in which the boom 
could re tain measurab le amoun ts of ice tha t woul d  no t normal ly rema in 
in the lake . As an example , if in Apri l  100 mi 2 ( 260 km2 ) of  ice  
r.emain and a pe riod of  gen tle wes t winds s e ts inA wi thou t the boom in 
place , i t  i s  probable  tha t perhaps 10  mi 2 ( 26 km� ) of ice  pe r day 
would leave the l ake and move in to the r iver. Wi th the boom in place , 
es sen tia l ly no ice wil l move in to the rive r .  During the time i c e  
remains i n  the lake i t  i s  me l ting , but wi thou t a doub t the re is more 
ice in the lake than would be present wi thou t the boom. 

The wea ther impac t o f  this re tained ice i s  smal l  but not zero . 
Due to the ene rgy available  ( from sun and air ) the 100 mi 2 ( 260 
km2) of ice would  me l t  in the lake in abou t 10 days wi th the boom in 
place . The wa te r tempera ture would be almo s t  3 2°F ( OOC) a t  the 
end of thi s  time . If the boom were no t presen t ,  10 mi 2 ( 26 km2 ) 
per day would move ou t o f  the l ake into the river a t  the s ame time 
me l ting would be occurring . The me l t  ra te and discharge ra te are 
abou t the s ame ; the me l t  ra te decreases the ice thicknes s ,  and the 
di scharge ra te decreases  the ice  area . Under the as sump tion of a wind 
e f fec t tha t keeps the ice a t  the s ame thi ckness , the ice would be gone 
from the lake in 5 days . Then the wa te r tempera ture woul d  begin 
ris ing at abou t l / 2°F ( l /4°C) per day . See Appendix E for the 
ac tual calcula tions . Rumer e t  al . ( 19 74 ) performed a s imi lar analys i s .  

Th e  d i f ference s in the two cond i tions are then a s  fol lows : 

1 .  Wi th the boom in place ,  af te r  5 days abou t 50 mi 2 ( 130 
km2) of ice rema in in the lake wi th wa ter and i ce tempera ture a t  
3 2� ( 0°C) ; a f te r  1 0  days no ice i s  pre sen t  and wa ter tempera ture 
is 3 20F ( QOC) . 
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2 .  Wi thou t the boom , af te r  5 days there i s  no ice , and wa te r 
tempera ture is  3 2°F ( 0°C) , and a f ter 1 0  days the wa ter tempe ra ture 
has increased abou t 2°F ( s l igh tly over 1°C) . 

Air moving over the region of the lake and going inland woul d  for 
5 days be affec ted s imilarly in the two cases . During the nex t 5 
days , wi thou t the boom the average surface tempera ture over thi s  
region of  the l ake i s  1°F ( 0 . 5°C) warmer than i t  would  be wi th the 
boom. This smal l surface tempera ture difference would produce a t  mos t  
a 1 °F ( 0 . 5° C) air  tempera ture difference , c learly a very smal l  
amount . 

I t  mus t  be emphas ized tha t this example i s  des igned to show a 
maximum impac t and i s  based on severa l  assump tions tha t do no t occur 
very of ten . Under more typical cond i tions , the difference be tween 
boom and no -boom resul ts is smal ler in bo th amoun t and dura tion. The 
a s sumptions are tha t the winds are s teady toward the entrance to the 
river for 10 days ; tha t the ice i s  re la tive ly uniform in thickne s s ; 
tha t the me l ting proces s  opera tes exc lus ive ly to reduce the area of 
the ice ra ther than to reduce ice thicknes s  as  we l l  as  area ; and tha t 
the energy inpu t throughou t the period i s  the ave rage amount for tha t 
time of year . 
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MONITORING PROGRAM 

As previously discus sed ,  dis tinc tive c l ima ti c  zone s exis t be tween the 
near-wa ter local i ties of Buf falo and For t  Erie and s i tes  far ther 
inland such as Buffalo Ai rport . In order to spe c i fy more precise ly 
the d i f fe rences occurring , i t  would be neces sary to es tab l ish 
me teorological observing s ta tions in the lakeshore environmen t and to 
s tudy more thoroughly the o lder records on f ile from these . The 
observa tional period for new s ta tions should be abou t 10 years a t  
leas t .  

However, the prob lem a t  hand i s  no t par ticularly to contras t the 
nearshore and inland c l ima te s ; i t  is , ra the r ,  whe ther the ice  boom has 
had any e f fec t on the l akeshore c l ima te . Lakeshore me teorological 
s ta tions are requi red to addre s s  thi s  que s tion .  Be fore embark ing on 
such a moni toring program, i t  is wor th cons idering the l ikel ihood of 
success in resolving the prob lem .  

The i c e  boom con trove rsy has cen tered o n  the breakup period in 
spring when in the pos tboom period there has been an al leged longer 
lake ice season a t  the inle t to the Niagara Rive r. The freeze-up 
period has no t go t ten the same a t tention .  During the breakup season ,  
March to May , the tempera ture of  the ice or  wa ter surf ace is  c lose to 
J 20p ( 00C) . The refore air  moving over this  surface (an on-shore 
wind a t  the river inle t )  w i l l  be modi f ied to abou t the same 
tempera ture whe ther there is ice and wa ter presen t or an ice shee t .  
The normal range o f  varia tion o f  lake surface tempera ture i s  le s s  than 
2oF ( lOC) and ,  hence , the e f fec t on air  moving over i t  would be a 
very sl igh t  tempera ture def i c i t o f  some thing on the order of  a 
frac tion of  a degree F and no t l ike ly to be measurab le wi thin the 
na tural variabi l i ty due to changing wind speed and ver tical  mixing of 
the a i r. 

The pane l ' s  bes t es tima te is tha t during f inal s tages of  ice 
diss ipa tion from Lake Erie the amoun t of ice re tained by the boom i s  
sma l l .  Wh i le i t  i s  theore tical ly feas ible t o  measure small  e f fec ts , 
i t  would be very diff icul t ,  require many years o f  measurement ( on the 
order o f  100 or more ) and require a randomized experimen ta l  des ign .  
Th e  cos t would run i n  the tens of mi l l ions of dol lars . I t  i s  no t 
c lear tha t the pe rce ived small  e f fec t could be def ined wi th accep tab le 
pre c i s ion , cons ide ring the large year-to-year variab i l i ty in ice 
regimes . I t  i s  c lear,  however, tha t such l arge experimen tal cos ts are 
no t j us tif ied . 

-47-

Copyright © National Academy of Sciences. All rights reserved.

The Lake Erie-Niagara River Ice Boom:  Operations and Impact
http://www.nap.edu/catalog.php?record_id=19501

http://www.nap.edu/catalog.php?record_id=19501


-48-

2'he panel does not cons1der a 1110n1 tor1ng progra111 to be 
econondcal l y  v1abl e ,  as there 1s no �1rm assurance that the smal l  
val ues w1l l  b e  clearl y d1st1ngu1shable �rom normal 1nstrument 

measurement error . 
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APPENDIX B 

CALCULATIONS SHOWING THE POTENTIAL IMPACT OF THE BOOM 

The energy balance equa tion i s  appl ied to two scenarios of  fina l i ce 
d i s s i pa tion in the eas te rn end of  Lake Erie in order to give some 
unders tand ing of the impor tances of the various proces s e s  involved . 
The energy bal ance e qua tion is  Q • n + v + f + s + e ,  where Q i s  the 
ne t ra te of hea ting or cool ing of  the lake volume , n i s  the ne t 
radia tion f lux into the l ake through i ts s urf ace , v i s  the 
differen tial hea t transport of  wa ter f lowing in to and ou t of  the l ake 
a t  d i f feren t tempera tures ,  f is the d i f feren tial hea t transpor t  of 
wa ter flowing into the lake replac ing ice f lowing down the Niagara 
River, s is the sens ible hea ting of the l ake by a warme r a tmosphere , 
and e i s  the hea ting e f fe c t of  condensa tion (evapora tion wi l l  cool the 
l ake ) ; see Pinsak and Rodgers ( 1 9 81 ) for a more comple te d is cu s s ion of 
the ene rgy balance equa tion . 

We apply the energy balance concep t  during the f inal s tage s  of ice 
diss ipa tion to a volume of eas tern Lake Erie of 140 mi 2 ( 360  km2) 
surf ace area , eas t of  a nor th-sou th l ine through Por t  Colborne . Le t  
us cons ide r  a hypo the ti cal case in which the eas tern hal f  ( 70  mi 2 or 
180 km2 ) of  the area i s  100 percent covered w i th ice 1 . 6 ft  ( 0 . 5 m) 
thick a t  an ice and wa te r tempera ture of  0°C and the we s te rn ha l f  i s  
ice free a t  a wa te r tempe ra ture o f  O. l°C. We pos tula te two 
s cenarios : case A--a weak eas te rly wind w i l l  keep the ice cover in 
place w i th no transport ; and case B--a l l  availab l e  ice i s  transported 
down the river at  the ra te of 1 0  mi 2 per day ( 26 km2 per day ) . 
Typical values  of the hea ting proce s se s  ( for l a te Apr i l ) are assumed 
to be cons tan t ove r a week ; i . e . , n • 350 cal cm-2 day-1 , v • 8 5 ,  
8 + e • 0 ;  f • 0 for case A and f • 2 30 for case B .  

The ene rgy budge t concep t  applies  to a cons tan t lake volume in 
te rms of  the change in inte rnal ene rgy tha t resul ts from ene rgy 
transports or fluxe s through the boundary surfaces of the volume , bu t 
i t  gives no c lues to the na ture of variab i l i ty or dynamics wi thin the 
vo lume . While we recognize tha t we are in some respec ts s tre tching 
the energy budge t conce p t ,  we wi l l  proceed to cons ider the two cases . 

Case A 

Q • n + v • 435 cal cm-2 day-1 

-5 5-
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Ice-Free Area 

• We as sume t hat Q i s  app l ied evenly t o  the top o f  the water 
surface and tha t  i t  heat s  the water evenly  to  a depth of 10  
m .  The re sult ing t emperature change i s  

• Over 7 days , the water temperature would increase b y  2 . 8o . 

Ice Area 

• We assume t hat  the heat ing wi l l  be appl ied evenly over the 
area t o  mel t  ice , and we assume ice dens i ty ( �i ) is 0. 8 g 
cm-3 . The resu l t ing change in ice thickness i s  

f1Z • Q • __ 
4

_
3

_
5 

"' 7 em day-1 
LfPi 8oxo. 8 

( Lf , i s  the latent heat  o f  fus ion , equal s 80 cal  g-1 ) . 

• Over 7 days , the i ce thickne s s  would decrease by 49 em ("- O. S 
m) . 

SUDIDary 

• In the i ce-free area t he water t emperature from the surface 
to a depth of 10 m would increase from O. l°C to 2 . 9oc 
over 7 days . 

• In the i ce-c overed area , 0 . 5 m o f  ice--the total ice 
cove r--woul d  me l t  in 7 days ; the re sult ing water temperature 
would be ooc .  

case B 

Ice-Free Are a--s ame as  case A. 

Ice Area 

• Of  the init ial 7 0  mi 2 of  ice we a s sume that a l l  availab le 
ice i s  transported down the river a t  the rate of  10  mi 2 
day-1 . S ince the beat ing processes ( n  + v ) are cont inual ly 
mel t ing the ice , however ,  the thickne s s  o f  the ice (and the 
resul t ing i ce volume transport ) wi l l  decrease with t ime over 
a 7-day pe riod . ( The re i s  no c lue from the energy budge t 
approach on what  as sumpt ions on internal ice dynamics are 
feas ib le and reasonab le . ) We assume that open water wi l l  
deve lop from the we s tern s ide at  the rate o f  10  mi 2 day-1 . 
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• The ice s lab ( ini tial ly of 70 mi 2) wi l l  decrease b y  10  
mi2 day-1 due to  ice transpor t .  

• The thicknes s  of  the moving ice slab wi l l  de crease by 7 em 
day-1 due to hea ting by proce s ses n + v as in case A. 

• The open wa ter w i l l  increase by 1 0  mi 2 day-1 

• The tempera ture of  the open wa ter w i l l  increase a t  the ra te 
of  0 . 4oc day-1 (a s  in case A) . 

Summary 

• In the ice-free area the wa ter tempera ture from the surface 
to a depth of  1 0 m would increase from O. l°C to 2 . 9°C 
over 7 days . 

• In the ice-covered area , no ice would remain . The wa ter 
tempera ture , surface to 10-m dep th , in the open wa te r area  
vaca ted by ice , would be hea ted a s  a func tion of the time it  
was ice  free , a t  the ra te of 0 . 4°C day-1 . Ove r a 7-day 
period the wa te r tempe ra ture ( surf ace to 10-m depth) would 
vary l inearly toward the eas t from 2 . 9° to 0°C .  The 
average wa ter tempera ture woul d be 1 . 4°C . 
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APPENDIX C 

BIOLOGICAL NATURAL RESOURCES 

The pub l ic ' s  conce rns abou t the e ffec ts of the ice boom on fisherie s 
and o ther na tural re source s we re we l l  recognized by the pane l .  Af te r  
c ons iderable de l ibera tions the panel conc luded tha t the ice boom doe s 
no t s ignifican tly af fec t f i sherie s  or na tural resources in the area . 
Th i s  appendix summarizes s ome of  the maj or ques tions addres sed by the 
pane l .  

Wha t are the f isheries resources o f  eas tern Lake 
Erie and the Upper Niagara Rive r? 

The Niagara River,  wi th approxima tely 106 mi ( 1 7 0  km) of shore l ine 
(mainland and island combined ) , i s  a very produc tive f ish and wild l i fe 
area . Approxima te ly 7 21 acre s  ( 3  km2 ) of  we tlands a re found on the 
u . s .  s ide o f  the river ( ILERSB 1 9 81 ) . A recen t f ish survey in the 
boom area identif ied 2 7  f ish spec ies . Rela tive abundance s are given 
in Tab le C-1 .  Othe r s tudies have iden tified 93 species of  f ish from 
the Niagara River and tribu tarie s ( Table C-2) . A large sports f i she ry 
exis ts on the ex treme eas tern end o f  Lake Erie and the Upper Niagara 
Rive r .  This  f ishery is  ma inly targe ted o n  smal lmou th bas s , ye l l ow 
perch,  wal leye , nor thern p ike , muske l lunge , and various spe c ie s  of  
introduced trou t and salmon . 

Have there been any s tudies direc ted toward asses s ing the impac t 
of  the ice b oom on the se f ish resources?  

No s tud ies have been undertaken to d i rec tly asse s s  the impac t of  
the ice boom on  f ishes in thi s  area , and insuffic ient da ta exi s t to 
evalua te e f fec tive ly the d i rec tion and magni tude of such an effec t ,  
should i t  exi s t . 

-58-
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TABLE C-1 Lis t  of  Fish Spec ie s  Co l lec ted in the Buffalo Area o f  the 
Niagara River Through the Use of a Variety l of Co l le c tion Gear , May 
1 �-1 9 .  1 9 83 

CoiiiDOn Name 

Gizzard Shad 
Ra inbow Trout 
Brown Trout 
Ra inbow Sme 1 t 
Northern Pike 
Muskel lunge 
Carp 
Go ldf ish 
Carp X Goldf ish 
Go ldenshiner 
Emerald Shiner 
Conunon Shiner 
Spot tail Shiner 
Bl untnose Minnow 
Conunon Sucker 
Brown Bul lhead 
Black Bul lhead 
Wh i te Bas s 
Black Crappie 
Rock Bau 
Smal lmouth Bas s 
La rgemouth Bas s 
Pumpkinseed Sunf i sh 
Wa l leye 
Ye l low Perch 
Johnny Darter 
Freshwater Drum 

Sc ient i f i c  Name 

Dorosoma ceped ianum 
Sa lmo gairdneri 
Salmo trut ta 
Osmerus mordax 
Esox lucius 
Es ox masguinougy 
Cypinus carpio 
Caras s ius auratus 

No temi,onus cry soleucas 
Hotrop 1 s  antherino ide s 
No t ropis cornutus 
Ho t rop i s  hud sonius 
Pimephales notatus 
Catostomus commersonn i i  
Ic talurus nebulosus 
Ic taluru s melas 
Morone chrysops 
Pomoxi s  nigromaculatus 
Amb lop l i tes  rupe s tris 
Micropterus dolomieui 
Micropterus salmoides 
Lepomis gibbosus 
St izostedion v i t reum 
Perea f lave scens 
Etheos toma nigrum 
Aplod1notus grunniens 

Abundance2 

A 
0 
0 
R 
0 
0 
c 
c 
c 
0 
A 
A 
A 

c 
c 
0 
c 
c 
c 
c 
c 
c 
0 
A 
0 
R 

lGear types--sma l l  t rawl , e lectro f i sh ing , g i l l  ne t ,  trap net ,  beach 
se ine . 

2A - abundant , C - common, 0 - occas ional , R - rare . 

Source : u . s .  Fish and Wi ldl i fe Service , Cort land , NY. 
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TABLE C-2 Spe c ie s  His torical ly Recorded in Niagara River No t  Lis ted 
in Tab le  C-1 

Common Name 

S i lver Lamprey 
Brook Lamprey 
Sea Lamprey 
Lake Sturgeon 
Spot ted Gar 
Longnose Gar 
Bowf in 
Alewife 
Ame rican Shad 
Coho Salmon 
Brook Trout 
Lake Trou t 
Lake He rring 
Lake White fish 
Round Whi tefish 
Mooneye 
Central Mudminnow 
Gras s Pickere l 
S t onerol ler 
Redbe lly Dace 
Lake Chub 
S i lver  Chub 
Ho rnyhead Chub 
River Chub 
Bigmouth Sh ine r 
Blackchin Shiner 
Bl acknose Shiner 
Rosyface Shine r 
Spo t f in Sh iner 
Sand Shiner 
Mimic Shine r  
Fa thead Minnow 
Bl acknose Dace 
Longnose Dace 
Creek Chub 
Pe ar l  Dace 
Qu i l lback Carp sucker 
Longnose Sucker 
Lake Chub sucker 
Hog Sucke r 
Re dhorse Spec ies 
Si lver Redhors e 
No rthe rn  Redhorse 
atanne l Ca t f i sh 
S tone cat 

Sc ientific  Name 

Ichthyomyzon unicuspis 
Lampet ra lamo t te i  
Pet romyzon marinus 
Ac ipense s  fulvescens 
Lepisos teus oculatus 
Lepisosteus o s seus 
Amia c alva 
Alosa pseudoharengus 
Al osa s apidi s s ima 
Oncorhynchus k i sutch 
Sa lve linus fontinalis  
Salve l inus nama�cush 
Co regonus arted 1i 
Coregonus c lupeaformi s 
Prosopium Cfl indraceum 
Hiodon te rguus 
Umbra l imi 
Esox amerlcanus 
Campos toma anomalum? ? ?  
<llrosomus eos 
Coue s ius plumbeus 
Hfbops i s  s tore riana 
Nocomis b iguttatus 
Nocomis micropogon 
No t ropis dorsa l is ? ? ?  
Notropis  he te rodon 
No t ropis  he tero lepis 
Hotropi s  rebe l lus 
No t ropis spi lopterus 
Hotropi s  s tramineus 
No t ropis vo luce l lus 
Pimephal e s  promelas 
Rh inichthys atratulus 
Rhinichthys catarac tae 
Semot i lus atromaculatus 
Semot1lus  margarita 
Carpiodes cyprinus 
Catos tomus catostomus 
Er1myzon suce t ta 
Hfpentel ium nigri cans 
Moxostoma s p .  
Moxostoma anisurum 
Moxostoma macro lepidotum 
Ic talurus punc tatus 
No turus f lavus 

Source 

( 2 ) 
( 2 ) 
( 2 ) 
( 2 ) ( 4) 
( 2 ) 
( 2 ) ( 4) 
( 2 ) 
( 1 ) ( 2 ) ( 4 ) 
( 2 ) 
( 1 ) 
( 2) 
( 2) 
( 2 ) 
( 2 ) 
( 2 ) 
( 2 ) 
( 1 )  ( 2 ) ( 4) 
( 1 ) ( 2 ) ( 4) 
( 2 ) ( 4) 
( 1 ) ( 2) 
( 2 ) 
( 4) 
( 1 ) ( 4) 
( 1 ) ( 2 ) ( 4) 
( 4 ) 
( 4) 
( 1 ) ( 2 ) ( 3 ) ( 4) 
( 4) 
( 1 ) ( 2 ) ( 4) 
( 2 ) ( 4) 
( 1 ) 
( 1 ) ( 2 )  ( 3 ) ( 4) 
( 1 ) ( 3 )  ( 4) 
( 2 ) ( 4 ) 
( 1 ) ( 2 ) ( 3 ) ( 4) 
( 2) 
( 2 ) 
( 2 ) ( 3 ) 
( 1 ) ( 2) 
( 1 ) ( 2 ) ( 4) 
( 1 )  
( 4) 
( 2 ) ( 4) 
( 2 ) ( 4) 
( 4 )  
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Tadpole Mad tom 
Brindled Mad tom 
American Ee l  
Banded Ki l l i fish 
Burbo t 
Brook S i lvers ides 
Brook S tickleback 
Threespine S tickleback 
Trou t-Perch 
Wh i te Pe rch 
Longear Sunfish 
Wh i te Crappie 
Sauger 
Greens ide Dar ter  
Ra inbow Darter 
Iowa Dar ter 
Fantai l  Dar ter  
Logperch 
Blacks ide Dar ter 
Mo t tled Sculpin 
Spoonhead Sculpin 
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No turus syrinus 
No turus miurus 
Anguil la  ros tra ta 
Fundulus d iaphanus 
Lo ta lo ta 
Labidesthes s icculus 
Cu laea incons tans 
Ga s teros teus aculea tus 
Percops i s  omiscomaycus 
Morone ame ricana 
Lepom1 s megalo ti s 
Pomoxis annularis 
S tizos tedion canadense 
Etheos toma b lennioides 
Etheos toma caeruleum 
Etheos toma exi le  
Etheos toma f labe l la re 
Pe rc ina caprodes 
Pe rcina maculata 
Co t tus  bairdi  
CD t tus rice i 

( 1 ) ( 2 ) ( 4) 
( 2 ) 
( 2 ) ( 4) 
( 1 ) ( 2 ) ( 4) 
( 2 ) 
( 2 ) 
( 1 ) ( 2 ) ( 4 )  
( 1 ) ( 2 ) ( 4) 
( 1 ) ( 2 ) ( 4) 
( 3 )  
( 2 )  
( 1 ) ( 2 ) 
( 2 )  
( 2 ) ( 4) 
( 2 ) ( 4) 
( 1 ) ( 2 ) ( 4) 
( 4) 
( 1 ) ( 2 ) ( 3 ) ( 4) 
( 4) 
( 2 ) ( 4) 
( 2 ) 

( 1 ) Species taken by On tario Minis try o f  Na tural Resources 1 9 5 7-1 9 74.  
( 2 ) Spec ie s  collec ted by A. R.  Mumma , CDnserva tion Officer ,  On tario 
19 58. 
( 3 )  Ol der ROM records--c a rd catalogue pr ior to 19 5 7 .  
( 4) Spec ie s  recorded on American s ide as given in the New York S ta te 
b iological survey before 19 28. 

Source : ILERSB 1 9 81 , Appendix F. 
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When i s  the greate s t  potent ial for an ice boom 
e f fe c t  on f i she s ?  

The impac t o f  the i c e  boom o n  these f i sh resources  i s  cons idered 
negl igib le during t he early winter and mid-winter t ime periods . The 
greatest potent ial for a boom impac t  is during the spring spawning 
season. These e f fects  are ( 1 ) a l tering the spring rise in water 
temperature and ( 2 ) al tering the degree of  ice scouring on the Lake 
Er ie shores  and upper Niagara River. 

How important is water temperature to  the 
spawning succe s s  of  fishe sl  

Water temperature is  an  important fac tor in the reproduc t ion , 
growth, and behavior of  f i she s . In part icular, the t iming and succe s s  
of reproduc t ion of specie s that spawn in spring have often been 
d i rectly re lated to  the rate and regularity of water warming during 
the spawning and incubat ion period s although other phys ical  fac tors 
such a s  weather,  l ake l eve l , f low rate , water turb idity , the frequency 
of s torm event s ,  oxygen concentration ,  and s i l tat ion and b iologica l 
f ac tors such as predation ,  food availab i l i ty ,  and the number of  · 
spawning adu l t s  can also  significant ly affe c t  reproduc t ive succe s s  
during any one year. Fi shes are commonly characterized by very large 
natural f luc tuat ions in the number of young produced from year t o  
year, part icularly in Lake Erie ( Hartman 19 7 2) . 

Wha t factors are important in assess ing the potent ial  impac t 
of  the ice boom on the f ish resources during spawning? 

It has been argued tha t the ice boom s igni ficant ly de lays the 
spr ing warming by holding back i ce in the e astern basin. 
Unfortunately , from an ecological  point of view , the monthly  mean 
water temperatures used in some of  the me teorological reports are too 
coarse a measurement to  evaluate  cool ing e f fec t s  that may be only  days 
in l ength. 

Three fac tors are important in asse s s ing the e ffec t of art ificial 
changes in the rate of spring warming : ( 1 ) change in the t ime of 
init iat ion of  spr i ng warming; ( 2) change in the rate o f  spring warming 
once init iated ( i . e . , °C/t ime ) ; and ( 3) temperature at the end of 
the spring spawning period . All three proce s s e s  can affe c t  a f i sh ' s  
reproduc t ive succe s s . 

What a re some potential negat ive impac ts  o f  the 
ice boom on f i sh re sources?  

If  there i s  a s ignificant delay in the r i se o f  spr ing water 
temperature in the Niagara River ,  we t l and spawning f i she s could  
experience a negat ive impac t .  Approximately 5 51 o f  the 7 21 U . S .  acre s 
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of Niagara River we tlands are o f  a pro tec ted type . The shal low wa te r 
in these we tlands would  norma l ly warm a t  a fas ter rate than the river 
wa ter .  The differences in the wa te r warming could be even grea te r i f  
the r iver wa ter were chi l led b y  an ice f ie ld . Mos t f ishes d o  not move 
into thei r  spawning area  un t i l  they have reached ripene s s  ( ready to 
spawn) . Fi shes wai ting to reach ripeness  in the cold  river may not be 
ready to spawn unti l wa ter tempera ture and o the r we tland condi tions 
have pas sed "op timum" in the we tlands due to the l ack of synchrony in 
the wa ter warming regimes of the we tlands and the ar tificial ly chi l led 
river. 

The delay in s pr ing warming could a l s o  reduce the overa l l  growing 
season for f ishe s , bu t a few days e i ther way would  no t be de tec tab le  
or would be compensa ted for l a ter  in the s eason .  

Wha t are some po tential pos i tive impac ts of the 
ice boom on f ish resources ? 

Fishe s may bene f i t  from an ice-boom-induced delayed warming s ince 
the r i pening o f  f i s hes , spawning , and incuba tion would take p lace wi th 
very li ttle chance of  maj or wa te r tempera ture reversal s .  Delays in 
spawning , once the f ish is ready to spawn, can be very harmful 
( Poddubny 19 71 , Schumann 1964) . De l ays are usua l l y  caused by an early 
or  f a l se s pr ing fol lowing a mi ld win ter.  Under these condi tions the 
wa ter warms to the mid and high 30 ' s ( °F) , and the early spawning 
f ish become ripe and may s tart moving to the spawning areas . The 
wea ther then change s back to winte r  condi tions , and wa te r tempera ture s  
coo l .  Th e  ripe f ish wi l l  no t spawn un til the wa ter warms aga in . If 
the warming is delayed by a week or more , the f i sh may no t spawn a t  
a l l .  If i t  does spawn ,  the egg deve lopmen t may no t go beyond c leavage 
( Schumann 1964) . 

Fi sh reproduc tion could also  bene f i t  by the compre s s ion of time 
for the spawning ac tivi ty and fas te r egg incuba tion .  For example , the 
number of young wa l leye and ye l low perch produced in Lake Erie were 
synchronous in the 196 0 ' s ,  and reproduc tive succe s s  for the se  spec ies 
was pos i tively corre l a ted wi th the ra tes  and regulari ty o f  spr ing 
warming ( Har tman 19 7 2 ,  Busch e t  al . 19 7 5) . Howeve r ,  the compress ion 
of  the warming period in time may a l s o  c ause the various 
spawning /incubation periods of different species  of f i sh to overl ap . 
Th i s  would have nega tive e f fec ts s ince preda tion (on eggs and larvae ) 
and compe ti tion ( loss  of  food availabil i ty ) could be increased . 

In your j udgmen t ,  does the i c e  boom s igni f icantly 
affec t f ish resources in eas tern Lake Erie or upper 

Niagara River by a l tering the spr ing water tempera ture s ?  

A review o f  the available fisheries l i tera ture provides some very 
general guidel ine s as to the leve l of boom-re la ted phys ical  change s 
neces sary to affec t f ishes . If the delay in spawning is of a few days 
and the change in tempera ture is  less  than 1 . 0°F ( 0 . 5°C) o r  the 
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rate of change in temperature is compensated for within 2 days , any 
a f fect  on f ishes would be negl igib le under normal circums tances .  With 
delays of 7 days or more and 2°F ( 1°C) or  more , e f fec ts  could be 
very s ignif icant . Slight impact s  could occur at intermediate 
condit ions . The impac t may be pos i t ive o r  negat ive and wil l  l ikely 
vary from spec ie s  to species  and year to year. We conclude from 
e s t imates on the e ffec t o f  the i ce boom on wa ter temperatures that  the 
ice boom doe s no t s igni ficant ly affe c t  f isheries in the area . Should 
the c a l culation underes t imate the e ffec t  of  the ice boom ( i ce holding ) 
on the water temperature , impac t s  on f i sheries resources  woul d  occur.  

What are the potential impac ts  o f  ice s couring 
on f ishes? 

Ice s couring of the bot tom occurs wi thin Lake Erie and the Niagara 
Rive r .  The effe c t s  of the boom on ice scouring e ither in the lake or 
the r iver i s  not known. Ice s cours could destroy hab i tat or even f ish 
eggs of early spawners in the case of  late ice f l ows . Ice scours 
could a l so have beneficial  impact s  by creat ing hab i ta t  d ivers i ty in a 
region ,  thereby l ikely increas ing the product ion of  benthi c  
invertebrates , o r  by providing good spawning s i te s  or  larval refugia 
for fishes . 

Could the ice boom a f fect o ther b iological resource s ,  
such a s  b irdl i fe , in the area? 

A l is t  of o ther type s of wildl i fe in the Grea t  Lake s  area 
inc luding the Niagara River and eas tern Lake Erie and western Lake 
On tario i s  given in Append ix F o f  Envi ronmental Ef fec ts  o f  the Lake 
Erie Water Leve l ( ILERSB 1981) . Informat ion concerning the potential  
impac t o f  t he ice boom on these resourc e s  is  not avai lable . Co lonial 
nes t ing b i rd s  such as  the Common Tern , Ring-B i l led Gul l ,  and Herring 
Gu l l  occupy ne s t ing s i te s  l ocated on the Buf falo Breakwater, on the 
southeas t port ion of  Buckhorn Is l and and in the Niagara Gorge areas 
( Scharf 19 79) . The se b i rds may f ind feeding a l it tle more d i fficu l t  
during a n  extens ion of  the length o f  i c e  cove r ,  but a few days would 
be ins ignif icant . 
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APPENDIX D 

PANEL REVIEW OF PUBLIC CONCERNS 

The pane l s tudied commen ts made a t  pub l ic hearings conduc ted by the 
IJC in Buffalo , New York on March 3 ,  1983 ,  and in For t  Erie ,  Ontari o ,  
on March 4 ,  1983.  I t  a l so s tudied aff idavi ts prepared by Erie Coun ty 
for a court sui t des igned to force the permanent removal o f  the boom. 
Many s ta temen ts were made in these  forums a t tribu ting various c l ima tic 
e f fe c ts to the presence of the ice boom. Based on a l l  evidence 
ava ilable to i t ,  the pane l conc ludes tha t whi le many o f  the 
observa tions of  coo l wea ther and a t tenden t s ide effec ts made in the s e  
s ta temen ts are correc t ,  they are no t a t  a l l  due to the presence of the 
ice boom ,  and woul d  be presen t were the boom no t in place . The re we re 
many sugges tions made as to a l terna tive ice con trol me thods . These 
have been cons idered and are d iscussed in Chap ter 5.  Fol lowing i s  a 
d iges t o f  the s ta ted conce rns , along wi th the pane l ' s  responses .  

1 .  The presence of the boom has caused springs in the 
Bu f falo-Fo r t  Erie  area to s tart  l a ter.  Res ponse :  Da ta from a number 
of source s and s tudies c learly documen t tha t tempera tures in March , 
Apr i l ,  and May have been decreas ing in the Buf falo area and in a wide 
region around Lake Erie . However ,  the cool ing s tar ted before the boom 
was f i rs t ins ta l led in 1 9 64. The lake-i ce e f fec ts do no t extend even 
to the Buffalo Ai rpor t ,  ye t tempera ture s a t  the Buffalo Ai rpor t  are 
decreas ing , as  are those several hundred mi les away . The very rea l 
springtime cool ing in the Buffalo area i s  due to na tura l c l ima te 
variabi l i ty ,  no t the i ce boom. 

The Buf falo region has and a lways w i l l  con tinue to have a 
day- to-day tempera ture pa t tern tha t i s  highly variable . Some years 
w i l l  have early spr ings and some wi l l  have l a te spr ings , regardless  of 
the ice boom. In years wi th la te s prings , the re wi l l  be many 
consequences ,  such as  de layed tree budding , l a ter  acce s s  to 
recrea tional boa ting and swimming poo l s , and delayed pol l ina tion. 
Howeve r, these  e f fec ts wi l l  occur over thousands of  square miles and 
wi l l  be much more pronounced than the minu te effec t tha t may be caused 
by the ice boom. The pos s ible boom e f fec t would be so smal l  tha t i t  
i s  safe to say tha t any wea ther effec t direc tly no ticed by people 
could no t have been caused by the ice boom. 
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2. The ice boom causes ice to form earl ier than norma l .  
Re s ponse : The ice boom c annot d i rectly c ause t he formation o f  more 
than a t rivial amount of  ice on the t imbers . In the early winte r ,  the 
boom holds near i t  ice that has already formed at the shorel ine and 
has broken off  and f loated eastward . The presence o f  the boom speeds 
the formation of the natural ice arch by holding ice f loes in the 
proper locat ion while  the low tempera ture s  freeze them into a solid 
ice  cover. 

3. The pre sence of the boom has c aused heat ing b i l l s  to 
increase . Response : Beat ing cos ts are c losely related to air 
temperature . With a cooling trend , one would expe c t  a general 
increase in hea t ing cos t s . 

4 .  Divers ion o f  water f o r  power generation l owers the river 
l eve l ,  thereby caus ing i ce b lockage problems that then reguire 
ins tallation o f  an ice boom. Res ponse : Divers ion o f  water does not 
lower river  leve l s  due to the presence of  the Interna t iona l Niagara 
Contro l  S truc ture ( the control  dam) , which is spec ifically operated to 
ma intain the same leve l s  as  would occur wi thout divers ions . 

5 .  Ice retained on Lake Erie by the ice  boom causes increased 
shore e ro s ion . Re s ponse : Shore erosion is caused by ice pushing 
along the shore or ice scouring the shore due to wave act ion . In 
ac tua l i ty ,  the pre sence o f  the ice boom reduces shore erosion . By 
fac i l i tat ing the format ion of the ice arch , i t  reduces to some extent 
the movement o f  ice t oward Niagara River, and i t  speeds the formation 
of a sol id ice cove r ,  which reduces wave ac t ion. 

6 .  Retent ion o f  ice by the boom reduces s couring o f  the lake 
bot tom, thereby reduc ing l ake water out f low and increas ing the level 
o f  Lake Erie . Response : Scouring i s  mainly caused by large mas ses o f  
ice , no t b y  sma l l  f loes . In s torm condit ions , large ice f loe s are 
pushed past  the boom, so scouring can occur downs tream from the boom. 
Howeve r ,  the l ake bot tom near the entrance to Niagara River is large ly 
bare rock, with no s i l t  bui ld-up . Lake level i s  not maintained by 
lake bot tom condit ions , but rather by precipitat ion and evaporat ion 
rate s .  The ice boom could have no impac t on l ake leve l  or scouring 
amounts . 
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APPENDIX E 

CALCULAT ION OF ICE D IS SIPAT ION 

During the mid-March to May period , the ave rage energy i�pu t ty the 
earth ' s  surface in the Buf falo area i s  abou t 26 0 cal  em- day-

( Rumer 19 74) . Th i s  ene rgy i s  the d ifference be tween the solar hea ting 
by day and radia tiona l  cool ing a t  nigh t .  The re la tive ly sma l l  amoun t 
o f  energy ava i lable  from warm a ir pas s ing ove r a cool  surface has no t 
been included . 

Us ing a value o f  80 cal cm-3 as  the energy needed to mel t ice , 
for each square cen time ter of exposed ice , the available ene rgy cou l d  
me l t  

260 cal cm-2 day-1 
1 ----�=----- • 3 .  25 em day- of  

80  cal  cm-3 
ice . 

The i ce cover on Lake Erie i s  assumed to be 1 f t  ( 30 em) thick , so the 
ice would me l t  in 

3 0  em 
------=- • 9 . 2 5 days ( say 10  days) . 
3 . 25 em day -1 

The to tal ene rgy inpu t to the 100 mi 2 ( 260 km2 ) region o f  the 
lake is 260 cal cm-2 day-1 X 260 km2 = 6 . 8  X 10 14 cal  
day-1 . The vol ume o f  ice tha t this ene rgy could mel t  is 

6 . 8 X lol4 cal day-l 
• 8 • 5 6 3 1 X 10 m day- • 

80 cal cm-3 

The to tal volume of ice in the 260 km2 region i s  260 km2 X 32 
em • 8 . 3 X 101 m3. In a 5-day pe riod of ice discharge o f  26 km2 
per day from the l ake , hal f  of this amoun t would depar t the lake , 
tha t would leave 4 . 2 X 107 m3 of ice the l ake . The time for this 
amount of ice to me l t  i s  

4 . 2 X 10 1 m3 
-----��--� • 5 days . 
8 . 5 x 1 06 m3 day-1 
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Thus , in 5 days ha l f  of the ice me l ts and hal f  of the i ce move s into 
the Niagara River. 

Fo r the nex t 5 days a l l  energy inpu t to this region of  the lake 
wi l l  cause the wa ter to warm. The wa ter in the eas tern bas in is we l l  
mixed i n  the s pr ing , s o  the energy wil l  be mixed through a dep th of  
wa ter of at  leas t 10  m.  The tempera ture rise woul d  be 

260 cal cm-2day-l 
• 0• 2 5  deg day-1 • l /4oc day-1 . 

1 cal  cm-3 deg-1 X 1 0  m 

Then in 5 days the wa ter tempera ture woul d  rise 5 X 1 /4° day-1 • 

l -l /4°C.  
Th i s  hypo the tical example is based on  several s imp l ifying 

assumptions , any one of which may be deba ted . However ,  i t  is bel ieved  
tha t the group of  a s sumptions yields  a scien tifical ly sound resul t 
tha t is  cons i s ten t wi th observa tions . 
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APPENDIX F 

GLOSSARY 

This appendix def ine s many terms as  used in thi s  repor t .  The 
de f ini tions are general ly s impl ified , and appl icab il i ty may be l imi ted 
to unders tanding o f  usage in the con tex t of this  repor t .  

AGGRADATION--The buildup or  e leva tion o f  a s tream or river bed b y  the 
deposi tion of sediment . 

AIR TEMPERATURE GRADIENT--The change o f  tempe ra ture over dis tance . 

ALBEDO--The re flec tivi ty of  a surface , e . g . , ice , expressed as  the 
ra tio o f  ref lec ted to incoming solar radia tion . 

BACKWATER EFFECT--The rise in wa ter surface eleva tion caused by a 
downs tream obs truc tion ( e . g . , a bridge or  ice j am) or channel 
roughness . 

BANK TO BANK BRIDGING--See " Ice Bri dge . "  

BENTHIC INVERTEBRATES--Sma l l  anima l s  (wi thou t bones ) tha t l ive in or 
on the bo t tom o f  a l ake . 

"CONTINENTAL" LOCATIONS-- Inland loca tions remo te from lakes or ocean 
influence . 

DEFORMED ICE--A general te rm for i ce tha t has been pushed toge ther 
and forced upward and downward in places . Subdivis ions are raf ted 
ice , r idged ice , hummocked ice , and o ther s imi lar deforma tions . 

DEGREE-DAYS--The depar ture of  the da i ly average a i r  tempera ture from 
an e s tablished thre shold summed ove r a period of days . 

FREEZING DEGREE-DAYS ( THAWING DEGREE-DAYS ) --Tbe thresho ld is 
J�F ( oPe) . Consecu tive days wi th average daily 
tempera tures o f  31 °F ,  30°F ,  29°F ,  and 28°F would 
accumula te 10°F degree days . 

HEATING DEGREE-DAYS--The threshol d  is  typical ly 6 5°F ( 1 8° C) . 
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FRAZIL ICE--Smal l ice crys tal s  suspended in wa te r.  

GROUNDED ICE--Ice tha t has  run aground . 

HEAD--Approxima te ly , the difference in wa ter surface eleva tions 
b e tween two points , for example above and below a wa terfal l .  

HEAT BUDGET EQUATION--Ma thema tical  descrip tion of hea t ga ins and 
l osses in a given region .  

HEAT CONTENT--Amoun t o f  thermal energy s tored i n  a ma terial . 

HIGH-HEAD--Re fers to the eleva tion dif ference be tween the ups tream 
energy gradien t and the wa ter leve l downs tream from a power 
plant . A high-bead plan t  genera l ly has a drop of 100 f t  ( 30 m) or 
more . 

IGLD ( In terna tional Grea t Lakes Da tum) --A s e t  o f  re ference e leva tions 
used to measure wa ter dep th s . 

ICE ARCH--A cres cen t-shaped bridging of  ice formed be tween shores . 

ICE BOOM--A floa ting s truc ture des igned to s tabi l ize an i ce cove r .  

ICE BRIDGE--A con tinuous i c e  cover of l imi ted s ize extending from 
shore to shore acros s a river  l ike a bridge . 

ICE-CONVEYANCE CAPACITY--The maximum ra te o f  ice f low tha t a channe l 
is  capable of  pas s ing . 

ICE DEFORMATION--Squeez ing toge ther and forc ing upward and downward of  
ice . 

ICE FLOE--Piece o f  ice , gre a ter than approxima te ly 3 f t  ( 1 m) in 
ex tent . 

ICE JAM--An accumula tion o f  ice a t  a g iven l oca tion , which , in a 
rive r ,  res tri c ts the flow of wa ter .  

LAKE BREEZE--A cool breeze b lowing inland from a l ake . 

LATENT HEATING--The hea t exchange tha t i s  assoc ia ted wi th 
evapora tion/condensa tion or freez ing/ thawing . 

NET HEATING--The hea ting tha t re sul ts from adding a l l  the gains and 
l o s ses . 

NON-POINT D ISCHARGE--Li quid e f f luen t coming from an area ra ther than a 
s ingle , concen tra ted source . S torm runoff f lowing ove r cul tiva ted 
f ields is a non-poin t d i s charge . 
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POINT DISCHARGE--Li quid e f f luent released from a s ingle source such as 
a pipe or conduit . 

PREDATION--the a c t  o f  an animal k i l l ing and eat ing another for food . 

RAFTED ICE--Type o f  deformed ice  formed by one shee t o f  ice overriding 
another. 

RAFTING--Processes  whereby one piece of ice ove rride s  another.  Mos t 
common in new i ce . 

REFUGIA--A p lace o f  she l ter o r  pro tec t ion from danger or  s tres s .  

RIDGED ICE-- Ice pi led haphazardly one piece over another in the form 
of r idges or  wa l l s .  

RIDGING--the proce ss  b y  wh ich ice i s  forced into ridge s .  

RIPARIAN--Referring or  pertaining to the banks o r  shores of a natural 
water body , usually a r iver.  

"ROTTEN" ICE--Ice in an advanced s tage of d i s integrat ion . Ve ry weak 
ice . 

RUNOFF--the water conta ined in a r iver o r  l ake that  i s  contributed by 
s torm wa ters or snowmel t  from adj acent land area s .  

SCOUR--the e ros ive act ion o f  running water and/o r ice upon the l and in 
contac t wi th a wa ter body . 

SENSIBLE HEATING--The heat f low that resul t s  from contac t of air with 
wa ter or ice that i s  a different temperature . 

TAIL WATERS--The water f lowing just  below o r  downs tream from 
hydropowe r-generat ing fac i l i t ie s .  

TRASH RACK--A grid o r  screen across  a hydraulic s truc ture for the 
purpose of catch ing debri s . 

TWE NTY-FIVE YEAR FLOOD--A f lood having a magni tude that i s  equaled or 
exceeded once every 2 5  years on the average . The 2 5-year flood 
can a l so be def ined a s  an event tha t  has a 4 percent chance of 
being exceeded in any given year . 

WATER COLUMN--The water conta ined in a volume with a one square uni t  
surface area and a he ight  equal t o  the depth of  the wa ter body . 

WIND SET-UP--the r i se in water l eve l due to wind b lowing acros s a 
water body . 
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APPENDIX G 

BIOGRAPHICAL SKETCHES OF PANEL MEMBERS AND RESOURCE PERSONS 

PANELISTS 

HARRY L. HAMILTON, JR . holds a B .A. degree in physics from Bel oi t 
Co llege and M. S .  and Ph . D .  degree s from the Univers i ty of  Wiscons in 
in me teorology . He i s  Dean o f  Undergradua te S tudies a t  the S ta te 
Univers i ty of New York a t  Albany . He has ex tens ive and diverse 
academic , consul ting , research,  and adminis tra tive experience and , 
un til recen tly , had been chai rman o f  the Depar tment of Atmosphe ric 
Sc ience at  SUNY-Albany . Hi s par ticular exper tise is  in 
microme teorology . 

GEORGE D .  ASHTON rece ived B . S . ( Un ivers i ty o f  Iowa) , M . S .  ( Un iversi ty 
of Arizona ) , and Ph . D .  ( Univers i ty of  Iowa ) degrees in c ivi l 
engineering , mechanic s , and hydraul ic s ,  respec tive l y .  Pr ior to 
joining the Cold Regions Research Engineering Labora tory ( CRREL) of  
the U . S .  Army Corp s o f  Engineers in  19 71 , Dr . Ash ton d id hydraul ic 
and ice engineering research and worked wi th the Bech te l  
Corpora tion a s  a s truc tural engineer. He was chief of  the Snow and 
Ice Branch a t  CRREL from 19 7 5  to 1981 and i s  now chief  of the 
Geophysical Science s Branch. Dr .  Ash ton i s  ac tive in many 
techni cal and advisory commi t tees  and ha s publ ished widely in the 
areas o f  hydraul ics , hydrology , and i ce mechanics and con tro l . 

EUGENE J .  AUBERT ho lds  B . S .  and M . S .  degrees from New York Univers i ty 
and a Ph . D . from MIT in me teorology . Dr .  Aubert has held technica l  
and managemen t pos i tions i n  the field of  me teorology f o r  4 0  years ; 
he i s  d i rec tor o f  the Grea t Lake s Environmen tal Research Labora tory 
of the Na tional Oceani c and Atmospheri c Adminis tra tion ( 19 74 to 
presen t) ; he has been the U . S .  d i rec tor of the In terna tiona l Field  
Year for  the Grea t Lake s ( IFYGL) ( 1 9 71 -19 81 ) ; vice pres iden t o f  the 
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