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RIVER CHANNEL CHARACTERISTICS AT
SELECTED ICE JAM SITES IN VERMONT

Lawrence W. Gatto

INTRODUCTION other pertinent geologic and geomorp hi infor-
mation on ice j a m site character is t ic

Kennedy ( 1975) l i s t s  two requisites for the for- It was not an objet: t ive of this stuidy to ij ro~ ide
mation ot an ~ e j am: 1) a large discharge of the apabi lify of predicting where and when ue’
f r a ,p i l  or fragn iente ’d so lid ice , and 2) an obstacle jams wi l l  occur or to explain ice ja m nie ’chanics
in the hannel th ,it impedes downstream The feas ib i l i t y  ot develop ing su h a predic t i ce ’
passage of ir e’ Roth Ke’nne’cly (1975) and Uzu ncr index , an(l the’ analysis of ice am mechanic s are
,ind Kenne dy (19761 indicate that the types of being addre ’ssed in an ongoing, long-te ’ rm anal~’-

hanne’I obstat:  It’s (natural and manmade) are s is of < c ’  lams onduu ted by other CRR LT L in-
,ilmost boundle ss , i.e., hanges in width (e.g., ~ ‘st iga tors (Ca lkins , principal invest igator)
bridge’ piers ,ind abutments), changes in dept h
(e g , san( l bars), manmade’ surl ,ic e obsta c les Previous investigations
(e ~ , it e’ hoomsl. and combinations of the ’se ’ . Aer ia l  photograp hs have’ been use(l in anal ’,,-
‘,t e k ,elo ’ , and ( c)tlih (1 975) also e’nurne’rate some ing s e c  e’r, r I ,ispe( Is ot ice p,i ois ,‘slol l,ird (14 7 3)
b e  ,I lions along a river ha nnel svhere i e e ’  jams de’s ribed sonic’ ge’ohvdro logi t e a t  ci re’s , e’ u
,in frequent l y ot cur 1) t ransi t ion ione’s where hannel s inuosit ’, , hannel patterns , qe~ ,i i ta t i v e ’
hannel slopes e hange sudden lv t roin steep to stre a m he’d grad cot s , c hannel Ie’ngt hs , ‘. a I Ic” ,

gent 6’ , 2) re ’ac hes he’ l mc rapids where t ms lengths , stream e ha noel ma te ’ r ia I, and f loodp la in
e ’ loi i t ’, is re tar ded, .3) r iver con fluences , 4) typ e ’ s , that  can be obse’rved and nie’asuire’d on

sh,irp hi’n(ls w he re wide ’ c i’Ioc ity d isf rihu it ions aerial phote grap hs I Ocring (1968) and (K i idritsk ii
(it ( or , ~) ,ibruji~ rl ,irrowings of hanne’Is , 6) et al 1456 ) inc Iude’d hanne’I ‘,s idth and roug h-
sh,i l ow s ~s it h isl,I nc ls , a rid 7) rive’ r re,o he’s ness , drainage area . meande’r es ave lengt h.

irs e n d  cc Ui staI ) le ’  ~c. stream and hank vegetat ion , lengths irI shoa ls
a rid pools in channel , and b c  at ions ot ra j ) i( ls as

Objc’ii~ es rde nt i t  ab le and measurable on ,u’ri,r I photo-
l iii’ obje O u r ’ s  p, t  th is st ucI~’ w e ’ re ’  t o 1) grap hs ocr ing (1968) concluded that  aerial

( le ’s ( nbc m d  e’numi’ r ,Ite h,inime’I har,i e t e ’ r i s t i (  s photographi( interpre ’ta t ion I)rovi( les re’Iiabb’
and ge’ogr,iphu sI’~ engs ,rt se ’ le ’ ( t ( ’ ( l  i c e ’  t , i i i i  s i t e ’ s  ret onna issar i ( c - I ’ ,  j i e data for hy(lrologi
in ~‘c’rmori t uisI m p~ , p e ’ n p  I ph ’  P p  ‘ ‘ ~,‘r, iphs ta k e n  dur- ,m n,ilysis and incenlor’ ,  Kudri tsk i i  et al 1’i~ h)
ing e r ’  t r e e ’ e < ,nc lit ions , 2: indit a te ’  whi t  Ii ,ilso nmi ’ntione’d th ,it stereo photograp hs a re ’

har ae t en is t i e  s m i’ ,  hi’ f,i ‘ r s  in c auising i re  e ’spe ’~ al ly usef u l  cshen some u t  the se ’ hannel
.mms to forni and cc 1: . .  ‘i ‘‘ , c ,iggr ,ic , i t e ’  the c i  f e a t u r e s  ,ire’ being nie’ ,msured Me Kim et ,rI

te e is 1)1 I lls i t  t he ’s~’ s i t u  , i iu t i  3) suggest some ’ ompared t he’ u t i l i ty  of s a te ’ I l r te  ,iriul high-
peissi hle ’ addit ional uses of o r  a l photograp hs in a l t i tud e ’  ,iin ra f t  photographs for ana lyz ing many
t h e ’ ,in,ilys is of (t’ lair s and in the ’ ,o qt i is i t ion of of the ’ ,ibove te ’ ,iture ’s as ~c e ’ l l  as general 1o al 
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topograp hy , h,i’~ c c’ h,ipe’, dra i riage’ de’ris it’,’, and s i re’am cv he ’ re ,i dec re ’ase in e’bo ii’, tnd u< c’s
strealil n e t w o r k c ’  ha int’l patt erns , stre’a ii de position (n u ’ , en bar . m_ hanne’l b,m ni
ordering, and bit ti nt ,i ion n.m t os) 1 hey comic I cud- Bed ma teru,i / — I he’ ma te ’r i,i I ut cc hit 6 I be I~e’d
ed t hat ma fly 01 the’ u ha orle ( and baa ri fe ’at ure ’s of ,m st ream is c 001 posed , it ma’, onigi ri,m Ic bas e ’
,ire’ more ev iclen f i n  ,mre ’,is o f hi 1h rel c t  hee’n I be’ m,m fenm a I of suspend e’d Icm,id or on he’d

De’n H artog (1977) use d vi r t ue  a l a€’ni,m I load , or may in some ’ cases he’ part ly re’ sudua l
photograp hs to observe ’ the ’ locat  it,n 01 shal bo’,c’ Con t / uence — A 

~~~ 
e’ of nle ’e’t rig on tcc u on

bars . he’nds , and constr ict ions ,it ,in ce ’ I,io) s i t e  mont’ streams , t h<’ point cc he r e ’  a Ir ibt uta r’ ,  toin~
on t he’ Pe’mugecc ,us e ’ t t  Rive ’r , n ear Plc mu on th , Ne’s ’ , file ’ main str ea r iu , a tork (t unt  I ion)
Fl ar iìpsh mne’ li e’ c onc I ucie’d that ,ue ’r ia I photo - í a  I /s  — A cc atent a lb or other pre ’ ipi toils de’-
grap hs (ml a spm if mc site ’ must be’ t ,mk e ’n cc he’ri the ’ su e’nt ot sc a te ’r
s i te ’  is cci I h ,mnd wi th <uu t jam s to ,i md in de ’ te ’ rnp in’ ,“c I ’ ,i p id t ’r  One’ 01 a se rie s of sorilesc hat
rig the ’ ,iuse ’s of j,iri s Mac Kay e’t al (19741 use’d re’gu lar , sharp, r re’e’ l’, dc’s e loping, an d sinuous

,i e’ri a I photograp hs for nc  e r sum rvi’i I lan e’ of e’ro- cur se ’s , bc ’ricl s , loops , turns , or cci  rid u rigs in ( lie’
s iori on harint’ b us l , iods , beds , and har ’iks , cauise’d our on ,m s t re ’ ,u o u

by i r e  miloving in t he’ r i c e r  during bre’ ,mk ui ju In ,md- . ‘c lc ’ ,uni lu ’ r  ‘~, u, ’ / pomo ( flat! ‘s de ’ pos ut ot sand
d mn mon , t he’’,’ used the ’ photographs t o de’t e’ niiuirie ’ ,i ricl gras ui lot ,ite’d urn the’ un s ude ’ , ,uncl e ’\t e ’nd ur lg
su irfa c e’ current ‘, el m tie ’ s and to (bo( ume’nt the’ u n to t he’ c Un’, c o t  ,( uui e ’ , u micl e ’ r
ex te nt of t ltmodin g <Lie’ It) iC e’ j am s Sher s to nie ’  Pool — 1) ‘s srii ,ulI , quie t ,un d r ,rt he’ r ( b e e p
(19 73 )  ,ilso used ,me ’ nial photograp hs to Iile’ , ms l ur , ’  re ’ ,i( h O~ ,i str e ’ ,imll , ,ms be’ tcc < ‘e n (cc ci rapids or
s u r f a c e ’  w ,ute ’n se ’ Io (  tue ’ s  ,mn< 1 It) h,ira fe ’ r i ie ’ c c ’  cc be ’rt ’ t he ’ re ’ i~ c e r ’ ,  l i t t l e  urre ’ nt  2 ! ‘s sni ,m ( l or
w i t hin ,mn i c e ’  j ,m ni C , m l k mni s (1977), using a e ’ r mal  l,mri.p ’ hod’,’ of umnpounde ’d cc ,mte ’r , , m rtufu c all ’,’ ( on-
photogr,mphs . nme’ ,isure’d t he’ s i /c ’s  01 1 e’ blot ks ill I ned ,mhoc e’ a <l,mr ’ni or tile’ bosed g ,mte ’s 01 a lot: k
a ,im along the ’ longitudinal prot i le ’  01 the’ .1111 Rap ids — A part 01 a str e ’,urlu cc here ’ the’ um rrt’r if
,m rid found the ’ s m / c ’ s oP the bbo k” de rc’ ,nse ’<) us coos org ic uth ,m grt’a ter sic it tcu’s th’n , m n usual ,mnd
uu ps l re ’~mm Gerard ( 1975) re’ porte ’d that  ,ie’nial cc here’ the cc ate ’ r  s u,m rt ,m < e’ is brok e n h’, ohstr ue -

photographo n c  onnaiss ,url ( e’ , ,mni prounde’ t i c uns  hut cc i t bo c u t ,m scu l l ic ie ’f l t hr e’,ik in s lope’ to
va lu mab le ’ mr ilorr in ,m lion on the’ to rmat ion , . h,mra - norm ,m cc , r t e ’ r t a l b  ,ms cc here’ (lie ’ cc , m t e ’ r  cb e ’ sc e nds
ti ’r i st m c s , ,i:id oni se’tluJe’nl u’s 01 i Ce ’ jams , and on 0 5 c r  ,i se ’rue ’’, cut s nui ,mll s t e p s  It e omu nuonb’ , re ’s u l ts
ge’omorp h u ( c har,it t e’n ust ir sot l i e ’  d~~ site ’s iron) ,u s iudde ’ r i s t u ’ep e ’ nenig 01 the’ stre’ ,m m lu gra-

As p,mn l of ,mn earlie r CRRI I. inv e’ stmgat ion i , d ue’ n t , tro nlu the In~’sen e’ 01 ,i re’s (nu < led ( banne’ l .
‘‘An alysis of pute ’ n tu ,u l  ( C ’  j,mr Ii s i t e ’ s , Connie’c t i c  Ut cu r from the’ im ne ’ c t ua l  ne ’ su s t ,mn ic  e’ cut ti l e ’ su e ‘‘~s u’, e’
Riv er ,it ‘c’s nudsor , V e’rm uu o ni t ’ ((lalkmns e’t ,ib rocks tr ,u s e ’ rse ’ d by the ’ s t r e ’ a n i i
1 976),photorrit u ’rpre’t ,n fioni te’c hniqi ie’s cc c rc’ use’d R i f i l e  — A ni at e i r ,m I s h ,mlbo cc s or cuthe ’r exp,unse’
cc (h ground truth d,mt ,n to be’gmn ev ,u (uatinig t h e’ ot shallocu hot lonii e’’st e ’ni d iii g ,mc ross ,n stre’an mlu e ’d
possibility 01 pre’p , i rrng ,rri um ide’ ’, ol mc e’ janii rii i rig irs e n  cc hir 6 I he’ sc ,ite ’r I locu s s’,c III ’ , and the cc ,m (e ’r
pott’nt u~m l th ,rt cou ld  us ii to determine ’  l ikely’ scj r t , i (  e’ is br oken in cc ,us c’s 6’, obst r ue tu ons
site’s of ice’ am occ u urr c’s ,ibong a ru s i ’ r cc holl y or p ,m rt ly sub nuue ’ rged , ,i sh,ilboc’ , r,m pids i u t

13e’ ause of the’ stir u c’ss ol ibis pbotoinfe’rpre’ta- omp a nat ls ’e ’ lv  b i l l i e ’  fa l l
lion approach and ot the ’ o th e ’ n i i i s e ’ s t i g , mt i on s  Rupanuan — Pe ’rf ,mi nn ng to cur sutu , i t e ’d (in the
ju st nie’ntior ie’d , ,n photou ni te’rpne’ tat ior i ,rppno a< Ii h,irik 01 a body ot cc ,rte ’ r . e ’ s pe ’ c a l I’, c)t ,i cc ,ite’r-
cc.i 5 use’d during the’ pre’se’n 1 s tucly to de’s n bc’ c c i i i  rse ’ sue lu ,is ,r nc e’r
the’ channe l and lot ,il se ’tting an se ’ Ien te ’d i r e ’  p,rnlu yhuoaI — ‘s ne ’b , itis e ’l ’ , slm, i l b cicc p I.m e’ ri a
site ’ s s tn e ’ , mnmu , I,uke’ s e a , or uthe ’ n hod’, ot cu ,ute ’r ,n

sha I lc mcc s
Sunuo ~u 1~ R,ntio c u t  length ot the ’ h,innie’l or

GLOSSARY OF 1ERMS* I b,m lcc e’g t u u  the ’ (10cc ri-c ,il c ’ s dist, inc , ‘ c h,rnne’ Is

cc tb s in uo s ituu ’~ cit 1 5 ic r nimuu n e’ ,ire’ c ,iil e(l
Bar — A nmd ge ’-Iike ’ ,ie < umu i I,mtic ~ i of s,und , niic ’ ,i niele ’ rm ri g

gn, ice’l , on other a l luv ia l  m,ite ’ri, r l forr uie< 1 in the ’
h,rrine ’I , ,rlong the ’ banks, or ,it fhe ’ mouth of a

I ) , ’ r unu t uu , n~~nr uu ,,  ( , l,,s’,,,r~ ii ( , t ’ , ( Ic ’ r p c ( C c ’ . P
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Figure 7 .  Ice jam si tes.

APPROACH n,ift a l t i t u d e ’ f lue  t t ia t io r is  e ,iu’.e’d the ’
photogra phic s ale ’ v, i n t  ions shioc~ ni ri 1 ,ible’ I

Photo acquisi t ion I, ! S . Ge’obogn< ,il Sn , rc c ’ s topogr,i~nhic io,ip’. (1 a ble
13 1a(k and whnt e ’ (PI us—X 2402 f i lm ) ae’ni ,m I II) cce re used ri pI,riinnrig ( lii’ t l igh t  l ine ’ e ) nie ’ r it a -

photograp hs (9 X 9 in .) we ’re’ obta ined from 14 lion arul rui u le ’age ’ . a jqn rop ni ,ite ’ a i rc  r,it I ,c l t i t i u c le ’ s .
sites in Vermont on 17 , 19 and 21 April 1976 (1 mg ,i rid ‘.e’que’ ri< e for photograp iirng t he’ s i t e ’ s  t~: mu

1) T he’ j )hOtogr~lphs were ’ taken with ,r Leiss t c ) n tr c ) I lecl pbc m t oniee s, i ic s ot e’ ,it ii si te ’  cc crc
RPcIK IS 2 1 ,ienia I c anue’ra Aunt: ra f t  ,i It itude’ was pre’p,ired sc it ii tim e’ bl,mt: k ,incl cc bite’ ;nn mr ml
,eclj ustet:l above’ the ’ nie,m n ground e’ le ’v at ic ) i i  ,lj (p hotoniosair ,ire’ chocs n in App ‘s I  Points 01 in
eat: h site’ to provide photogra phs wit h a nmoniinal te ’ rest ,miici the’ limits of the’ t ic  e’ r hanneb ~‘,ii,’ ci ’
sc a le ’ of 1 bOOt) I co ,ib t e ’ n r ,min  hanges and ,lur- o r ’  tam’ . usuallc Oc ( tin cce ’ re ’ c l i ’ l t r ie ’ , i t e ’ cJ I he’
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Tab le I. Data on aerial photographs acquired for anal ysis of ice jam sites in Vermont.
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Table II. Topogr ap hic quadrang les used for planning aerial
photographic mission s , for determining pho tographic scale , and
for analyzing each site.

SuIc ’ Que ,mc i rangle ’
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(•‘ Midclk’’.e’c . Vt 1 24,01mm ) n 91,11
I N 4415-W72I7575

7 .Slor,’puv. 1 \\‘,i iu ’rhu rs Vt 1 24,11(5) l’i4ii
N4415 - W724 5 7 5

V,’ ,i u t sI c l e f , V i 1 24 ,111111 1 ‘1711

L N 4 4 1 ) 7 5 - W 7 2 4 5 7 5

it Mtu n r pe ’ iee ’ r  t l ,e rr e ’ , Yr n 1,2 Sill ) 1957
N440li - 55 72 (II 15

9 I Mc,nrpe ’ iee ’ r I’i ,uuni ue ’ ict , VI 1 1,2 , 51)11 l i S t
N 4 4 1 5  - W 7215 15

to (;re,ncun \mS’uuc,cl s v u lie ’ , \‘t NII I 1,2 50(1 I’ i lS
I n  I c or in th N44iii) - W72i)II 15

2 ttc ,ecfl eu r ci (‘i nne r

( Wu;e clsvutl,’ , Vi NFI 1 1 2  51111 I’ll!

N44IHi - W7200 1 5

i t  t ir,m clt cur ci 
~ Mt C’euhe’ , Nil VI 1 Cml Sihi “lIt

N4 14 5 - W721)1i 15

14 I uun h ru cfge ’ Str ,uIIr ,rui . V I 1 1,2 SUn l’e44
N4 145 — W 72 1 5  15

15 l’,ees ’ie ’t I’,ucs ‘n Yr 1 24 . i k i  1 11,7
NI ( 15 - 5 5 7 1 0 7 5 7 5

IC, l.%’i l rru urgtc,tr 55 i lm uic rgto n , S r  m e , ,’ SiMm ‘154

N4245 557245 iS



-— .‘- ‘ . ~~~~~~~~~~~~~~~~~~~ 
- ,  - 

~~~~~r ’r rr, - ~~~~~~~~~~ -‘ ‘-~=‘,~~~~~-,w~~_n c,- ’ “ ‘

Ta ble II (cont ’d) . Topographic quadrang les used for p lanning
aerial photographic missions , for determining photographic
scale , and for analyzing each site.
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I c,ui luecc , V t  I l,2 , Siii( t ’ l ,!’l
N 4 i i 5  . ‘ ,\ 7 I I i i iS

17 C t u e ” . n e ’ r  1 S,usIe , i t ’ .  R i s e r  S t  I

L 5.1 1(1(1 ‘.57211115

lit (~ cu e’u he.,’ (Ju,,’, he’,’, ‘c l  I 24 ( 1111 )
7,4 ( 1 ” ‘, ‘.5 7222 5 7

i i , ’ ’ . Ii,’,’ , V t I 2—I inn

1 9 t ,u m r sc u tle ’ 5 5 , , , d ’ . t r , , k S , r t I u .~~ i 1 .‘ 4 ( uih( ‘ e e c ,
N4 117 5 cc 72 III 7 5

Wu,r ,eI’.tuu, C Suu uliu , S t  1 24 1(011

_ _ _ _ _ _  
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to February, t hen increases fhroug h March to The’ e ’ t le ’c t s of these h imitaf io ni s can he reduu, ee l
Apri l when it peaks and decreases to the August- by uti l izing geometrical ly corrected ,mnd ret -

September period. A stable ’ ice c over generally t i f  med photograp hs t hat lessen the mt ’asure ’ment
Forms during f he decreasing dIscharge period errors that result from distortion s on un or-
from December t hrough F e’bruary; then this rected photograp hs I cornet ted photograp hs
co ver is broken and set in motion as discharge are nof available , howe’ve’r , it must be recog-
inc re’ ,Ise’s in Marc h. nized t hat scale variations and geonle’t ric distor-

After  considering th,m t niue. h of the’ hannel fions tend to increase ’ from the e’ntr ,m l to the
mig ht he obscured from view during the August perip hera l port ions of a pho t o g r a p h, t he’ retore ,
-October period he’ ,muse ’ of the ’ tree ’ (‘ ,mnopy, ant i measurements should be ni~mde in t he’ middle’
be’c,muse ’ of aircraf t  scheduling problems durIng portion of the photograp h where ” distort ions are’
t his time ’ , t he’ ,mircr ,mtt niission was t lown in A pri l minimal. Thus , w henever possible , measure-
before leaf out and ,mt te ’r t h e ’  dis ,nppearance of nients of river cha n nel ch a ra c t e r is t i c s  during this
ice ’ from a ll the sites Re’gmon,m I floss’ s were ’ I) ro Ie’ct we ’re’ made in t he’ niiddle third of the’
variable from norm,i I to above’ normal tiuring photograph to ni inimize’ the’ errors caLise’d bc
t his time (USGS 1976). these distortions

In retrospect , t here’ are’ se ’ve ’ ral re’ason s that In sp ite of t hese l imitations there are several
t he best time to acquire ’ ,merial photograp hs For ,idvantages in using aerial pho tog rap hs: 1) a per-
t his type of study would he in I,mte ’ O toher or rn,mne’nt record of river channel conditions c’,-
ear ly November. Based on t he long-term flow sting ,it the time of photo acquisition is obtain-
data in Fi gure 2 . f lows at this time are com- e’d; 2)  more detail is avai lable than on maps or
parab le to those in February and March when char ts  of the same sca le; 3) the ef fects of proc-
jams usua lly begin to form During the’ 0< to he’r- e” .se ’s ,mctive ’ and the’ features present at a site ’
Novembe’r period, t h<’ extents of r i f f le ’ s and <a n  be observed ; and 4) some data can be’ more’

poo ls cou Id be’ easily obse ’rve’d ,mnd me’ ,ms ured ec onomica lly acquired from photogr,m phs t h,m ni
since ’ water levels would be’ d o w n  I he’se’ from e’x t enm sive f ield surveys . However , dat ,m col-
features were apparent on the’ Apri l  photograp hs let ted from photograp hs may not be ~ms ac e, orate ’
for on ly a few site’s In ,iddition . nmos t tree’s ,mre’ as data clCqUired from f ield reconn,tissant c’ ,
hare at t his time and would not obscure ’ c harine’l the’re’ tore . t he’ require ’ments and ohje’< tive ’s ot an
margins Flynng weat he’r is usu,mIly good be’ ause ’ mnve ’stigation must be considered in (ie ’ terr Tmm ni m ig
atmosp heric haze is low and loud-tree ’ day’ s ,ire whether photointe ’ rpretation te ’chnique’s WO LI Id
numerous. However , sun ,c ng Ic us ch’ re’a sing dun- he’ u se’t ul This pwje t wa s designed as a n’c on-
ing t his period and shadows may ni,msk por t (c )n i s na iss ,mn e’ of ice ’ am cite ’ , to shocc the ’ ruve ’ r ha n -
of t he channel margins that ,mre ’ borde’r c’d by ne’I fe ’ ,mtures that  characteri ze’ the’se ’ s i t e’s arid
tre ’es As DenHartog (1 977) indi ,Ite’(l , ideal ly those ’ tha t c a n  he’ obse’rve’d and me’ ,isure’d using

,ienial photographs should he taken twit e’ once’ ae’r m ,mI ~)hotogr,mp hs This prole ’c I was not mnte’nd-
w hen water Ieve ’ ls are low ,mnd tam ’ . are ,ihse’nt to e’d to determine’ pre’ se’ c ross see tions c)r
,m llow best observ,mtion of the ’ hanne’I so th,m t hydrauli c p,mranie ’te’rs that must he’ oht,iiiie’d
possib le’ obstructions to f low ould he’ I roni I ie’ld surveys
documented , and again , during mn re’ase ’d f lows
after ams have’ formed to show whe ’re’ the’ Ic e ’ Features observed and measured
was stop ped and to sugge’st which ohstru tion Init ia l ly the’ c har,m c te r ist i t  s th ,m t we ’ re ’ to be’
may be’ t he primary factor  in initi,it ing the’ icims ol, e’ rve’d and measure ’d were: c hanne’l cc’ idth ,

e anne’I shape or pa tte ’ rns , d r4minag e p, itte ’mns .
Photo advantages and disadvantages hanne’l s1ope , relative’ de’pth’.. ge ’ner,mliie’d c ross

A lthough the’ ut i l i ty of ,menia l photographs in se ’ction (width and de’pth), r i f f le’ (i t’ , sh,iIIosc s)

geomorp hit studie ’s is we ’ ll established , t he and poo1 lengths , and m,mnm ,mde’ strut tunes cnn
fo llowing l i mitations or clisadv ,mnta ge’ s inherent mod if i c  at ions However , atte ’ r a pre’ l immn )a ry
in t he pho t o g r a p hs should be consid ered he’f ore’ e’va luat non of the’ photograp hs arid ,m de’termina-
quantification of geomorp hi fe’ature’s. 1) uncor- tion of t he’ river charac ter is t ic  s I ikel s, It) have’ a
recte d hor,zont ,m I distance ’s ,mre’ easily de’te rmin- role in ,uus mng ice jams , t he numbe’r of ha ra -
e ’d hut ve ’rti .iI relief is more di f f icul t  to te ’ n mst R s to be’ me’as ured or des ribe’d cc ,m s me’ -
measure ’ , and 2) photograp hR s ,il e’ is vari ab le duced
and geome’tri or re’ I cf distort iofls a re’ ( ommon

7 
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Drainage’ pattern (e .g., clenci r i t ic , tre ’ l l is  and natural nuve ’ r o ntmg urat ion can he’ ve ry rn-
l)a ralle ’ l , e’tc.) was consid ere’cJ an uniniportant portant f a c to rs  in in i t iat ing ic C’ janls , the’re ’lore ’ ,
t~l b r  in causing ice ’  ja nis, and t he’ retore it was these ’ small nive ’ rs ccou ld be’ metasure ’d in terms ot
riot desc r i bed during this stu d y ,mlthough aerial drainage’ area or I)O55i h lV cc udth s On l,m rge’ r
photogr aphs could be used for that purpose’ . ruve ’ rs , channe l conf igurat ion us less impor tant
Although re l , utiv e ’ depths ,in be’ observed arid and manmade structures can be the’ pre’c iom i-
ge.’nera litc’d c ross se’ l ions determined cc ith nant factor in initiat ing the’ jams A (‘omt)arisomi
aeria l photograp hs, the accuracy of the’se’ c ie ’te ’ r- oi the drain,ige’ areas of the s niia lle’r arid larger
nhmn,Itions is tot) low to be useful in site ’ r ivers may g ive a nie’asure’ of the’ ne ’ la t iv e ’ impor-

hara te ’ rm z ,u t ion.  Because rive’ r t hanne’ l slope ’ is tan c e’ of I he ’ se ’  lccc ) riv e ’r conditions

important hLi t not re’adi ly obtam n,ihle from ae ’ r ia l Riparian ve’get ,ut ion cc ,us described , s m n e’ it
photograp hs , t opograp hic. qu,mdnangle’s (T ,uble’ II) cc , ts  te ’ l t  that  the’ pre’se’nce of tre e ’ s arid brush
we ’re’ use’d to e ’sti mate ’ the’ Ioc,iI aver ,uge’ c h,innel m,iy teni( l to Inc re’ase the ‘‘ho lding c apat ity ’’ 01
slope ’. C, ilkmns (personal comniunication , 1 97(u) the ’ shore . Howeve’r , C,mlkins (pe’rsonal to m-
stated that  ave’ rage’ river slope miie’as ure ’tl troni nlunicat ion . 1976) inc lic ate’d that riparian e’ge ’la-
quad rang les woul d be i nadequate ton cisc in th~ lion prc)hab lv doe’s not nt lu€ ’nce’ the ’ i c e ’  am . c ’s-
m et ’  j ,im areas w here backwaters are’ pre’se’nt . ( e’pt cc ht ’ rc ’ trees are abundant , in t h i s  ase ’ . t ile’

Calk iris e’t a I. (1976) have ,m Iso inci i ,mte’d I hat tre ’e ’s cou ld  keep the ’ ice’ in the’ cha nne’ l  and
s ites in a s t ream c hannc’l cc’ hc’ re’ Re ’ ani~ ge’ ne’r ,m I. re’ st ri< I the ’ ice ’ t mom spread i rig into t h e’
h y torm ,i ne 1) c onstric lion s , 2)  e’x pose’d rot F’. out - Flooci p lai mm I he hannel 01,1 term,i I cc as dt ’sc rihe’d
crops ,mnd m,iiim,ide’ strut ture ’s (e’ g , l) ruelgt ’ s i n c  e ’ it s si z e ’  cc’ou Id nt lue’ ci m e’ t lie’ t r i  t ional
piers); 7) long, cu ss - s c lot ’ ity ,  (ie’e’ l) ‘,s’,I Icr pi c u ls , re ’smst ,m nit e’ of the ’ ni ’, e n  bed to I loss
and 4) sha h cIsc set t lor is th,it c ross port lor is cml I h1’ As arm e”c ’ ,I I u,it ion of the ’ at c urae y 01 I bie’

h,inne ’) cc here’ grounding of ic e’ l ive ’s cou ld niu’ ,isu re’rne’ni t s of t hanne’l w id th , and ri F t  It’ ,miit i
begin . Ca lkins (pe’rson ,u l c on , munic ,itmon . 1 ‘ i 7 f e j  p em c ml Ie ’ m gths . mac ic’ on the ’ aerial 1)hotograp hs ,
has ,ilso inci iea t e ’ c i  th ,mt drainage’ are ’ ,) m,iy ri t u e  me’ ,ms t i re ’ r lue ’ nt s cce ’ n e ’ c c unup ,m re ’d cc tb t hose ’
e i ire ’< I ly nt lue’nc e’ i c e ’  am formation ,it m m ’ . e r  ( e mi l - t ,m ke ’ n <luring g r o u n d  slur s c’s s ,lt a d i t t e ’ re ’ r ’m t t ir uie
tl ue’ ne c ’s I he’ t r i bu ta ry  rive ’ r w i th  ,i smii,ilI liii’. omp,mrisor l cc ,is ni,ecle ’ ,it t ile’ I iiiihrudge’ (14)
c lr,iiii,ige’ ,mrea niight i,miii f i r s t  be’c ,m use’ the ’  ~ie’ ,ik ,inid the ’  Que’e lice’ (18) (F ig  1) s i te ’ s , cc here ’ I ue ’ ld
I loss’ ,mriel tr, ms ’e ’ I I me’ cc’c)uI( i o t t  ur e ’ , m r lm e ’ r  t han chit ,i we ’ re ’ c 0) 1 le ’ c ted at I ,mneI I I r~’c e’ r d ross s e ’~

thc ;se ’ for ,i r i c e r  cc mth  a large ’ r cc ate ’ rshe ’ d h,m’c rig lions , re ’spe ’c t mve ’ l~ Photo nile’ , isure ’moe’ nts c ) f
the ’ s,lme’ ge ’ne ’ r ,eI sbi ,i 1)e ’ ,iiici 5,11111’ ge’ogr ,i~) i) t c h,mnnie’l cc mdlii ’, c’,c ’ rc ’  ,mlso m,ide’ at flit ’ Hardcc mc k
,isl)e ’( I (e m r m e ’ i i t , m tic u nl lie’ has also me ’po rte ’d th ,it (I) , ‘it lohnshury (~ ), Bradford (I i) ,  a nt i  (‘ h e s t e r
the ’ (lr,iunl,ige’ ,m re’ ,i tom t he’ s nu,mIl e ’st r ic e ’ r  on cc hic h (17) s i te ’ s  I lie’ Ie’ngths 0) 1 r i f f l e ’ s  ,ini<l pc)c ) ls cc e ’ me ’
lie’ h,ici o bse ’ r ’ c e ’c i  ,i s i g n i i tuc ,imit 0 e’ i,~ 11 55 ,15 ,i;n iiue’ ,ist irt’t l oni l~ ,it tile’ I unibmidge’ ,ind llr,idtorei
Im rt )xm n l , it e ’ lv Itt squ ,ire’ numb’s , t h e ’  cc ic lth  ot that  s i t e ’ ’, cs’ hie’ re ’ the ’y’ w e ’ re ’ fliost appare ’nt T he’ ,m boc e’
r i ve ’ r  ,it till’ f ,ifl ) s u l e ’  ~c , ms ~l) 711 It j s in ih,ir Iti the ’  s ic s i te ’ s  cc c rc ’ c ons ide’re’d mn))po rt ,not 1)5 ~‘e’ ronrnl t
1 unbridge’ site’ no 14 . F ig  1), I ,il)Ie’ B I t ) , ‘\pi~ 

I)e ’ ima rtm e ’ nf c) I \\‘ a t e ’ r Re’sour e c ’ s  pe’ rs onimie ’ I
Ill) be’c ,iuse ’  

~‘ 
ml)s ,it I he’se’ site’s ,mre’ usu,i l Ic se’s (re ’

h e m  ,in,ilmt i e ’  he’ s i te ’ s  tc ) r  the ’ te ) ur c c ndit ions \4ost t)t the ’ cc ic l ths miie’ ,isume’ d on ti le’ phicm t e m ’
de ’se ri be’ei I)’, ( ,ilk ios i t  ,mI 11976) , t i le’ to l l c sc rug grap hs 5’. i re’ w i th in  1(1” ,, cml those ’ me’ ,isure’d Ii’.
h,innl’l t e a  loi re ’s w e ’ re ’  obse ’mve ’d , cie ’s ribe’<i , or s uRe ’ s s 1 he’ c lii te ’ re ’ nc c ’s  me ’su It I moni se ’s e’r,i I I ac

nle’ ,isu re ’e l 1)  nue’a r iole’ rs , s inc e’ I h e y  an t ,mu se tors I) grc u rid s lim ’ , e ’ s s  w e ’ re ’  ri’iacle ’ in I he’ sum-
dr,ist ie e h,inge’’, in I In is’. t ie ’ lei ’, arid 1.) n re ’d uc e’ the ’ nile’r , cc he’re’as t he’ photograp hs cc e’ re ’ ,mc qu mm cd in
c lownst re ’ ,mrn I loss of ic e’ , 2) t h e ’  pre ’se ’n( i’ Of A pril w he’n cc , ite ’ r le ’ve ’ Is cce ’ me di t te ’ me ’ n i t , 2 ) lot a-
shoa ls or r i f t  he ’ s , sine e’ i c e ’  ,mn he ’( oflie’ groun(Ie’d I loris cc he ’ re ’ I lie’ cc’idt hs w e ’ re ’  nie’asure’d on I he’
on the ’ r i se ’r he’d ,it these ’ lot ,it ic ) nls , I) the’ b c  a- ground did not t omnt id e’ pre’e use ’ Ic cc ith phic)to
lions of poo 1s 5mm e ’ ri the ’se ’ Iow—v e ’ Ioe u t y  ,Ire’as mllc’ ,isure ’me’nt Ic ) c ,mtions , anti I) photo s c , lhi ’s
i c e ’  nuoce ’nue’ nt t ,ini slem s ’ . , ,iniel ,i st ,ihle’ i c e ’  cove ’r vami e ’d In s pm le ’  of the ’s, ’ di l te .’me ’nc c’s , tile’ ,IC
an tcm n ni , 4) the ’ present e’ of m,inmade’ strut lure’s ur,ie y of phofo me’ ,isure’mt ’nt s d ould he’ so t fm

and c h,mrinie ’ I cc icllhs , sin~ e’ these fa  b r ’ .  0 ,1 11 c ne ’ nt de’pe’nding on the’ ohpeo live ’s cml tht ’ roe ins
re ’s t r rm t I low naiss,m nR e ’

( , i l km ns (pe’rson ,il e c mnuuniiem nc i ,mt icoi , t ° 17( m) , i l s cu
st, i te ’cl t ha I on snl,r II nlve ’ rs ni,inniade’ str uc Iii re ’s
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In summary, t he descri ptions of t he geo- channel islands (.3), s hoals or bars (4), ,mn d c x -
g r a p hic settings for all 19 si tes included: 1) posed rocks (5) obstruct f low and con t r ibu te ’  to
upstream and downstream limits of the reaches the ice jam potential of a part icular r iver neat h
where t he ice jani s usually form; 2) estim ates of Following the measuring proc edures sug-
local channel slopes; 3) presence of ma lor slope gested by Langbein and Le’opold (1966) ,mnci
changes (i.e., fal ls , rapids); 4) channel widths , Leopold and Maddock (195.3), meanders (6 in 1 mg
shapes , or patterns (p lan view configuration , i.e. , .3) were c lassif ied into six groups (Fig 5 , T able ’ I I I)
meandering, sinuous , braided , strai ght), 5) me la- based on th&’ angle between 00 and 1800 ma de’
tive c hannel depths; 6) channel material that in- by the river neache ’s on either side 0 the ’
f lue’nces the fr ict ional resistance to flow , 7) ap- meander: A = 00 to .30° , B = >3t)° to 60°, (‘

paren t  water  sur face  roughness (enhanced or = >60° to 90°; D = >90° to 120° , F = >1 20° to
obscure d by sung llnt *); 8) channel bottom varia- 150° ; F = >150° to 180° . The upstream nieanide’r
lions cc he’ri water penetration us suf f ic ient ;  9) in Figure .3 is c lass  A , the two middle miieande rs
mipami,i n vegetat ion that may contribute to the’ are’ t l,m ss B. Riparian trees and brush (7) mac te nti
restr ict ion of c c ’  f low when the river water level to imped e the break-up anti release of an o c ’
is higher t han the’ normal hannel , 10) f loodp lain ~ani T hey may also re’duce’ the ’ areal e’s t ont 01 ,l
c haracterist ics; 11) manmade structures and jam by restr ict ing lateral movement out ol thie
modifications; and 12) possible majo r factoms river channel (Ca lkins , personal com rnunic ,ition ,
causing j a ms. 1976). Meander bars (8) were de line’ate ’ci be’ ause - ’

f lowing nc:e may become grounded on thie’m ,ms
the ’ ice ’  moves throug h a meander I lie’ sunglint
(9) is s hown ,ms a very light wate’ m surt,i ’ c’ thatRESULTS AND DISCUSSION
resul ts from sol ar me’t let:tion from the ’ cc a t e ’ n unto
t he camera.

Bri dge crossings where the chanm e’ l has hee’mi
Appearances of observe d features narrowed or where ’ br idge’ piers e”.te ’nc i into ti le ’

Figures 3-9 indicate how the features and con- river are site’s where jamii s can form L’ su ,i l ly pue ’ rs
dmtmons (Table III) observed at the various si te ’ s  can not be’ seen on the aerial photogn,iphs , h u t
appeared on the om nguna l aerial photographs at the ’y (1) are evmd e’nt at a brid ge’ mie’ ,ur I bit ’ St
fu ll scale. Many of these features are shown in jo hnsbury site (Fig 6) An examll p le” of cc c , ‘s ’ . i ve
Fngure .3. The ’ other figures were selected to show sung lint that obscures all w afe ’ r  de’ tai l  is ,ip-
t he remaining features at di f ferent geograp hic pare ’nt at Point 2 in Fi gure 6
settings [he’ dark , smoot h ,mpp(’ar,ince’ of the Poo ls (2)  (Fig. 7) upstream from clams , ta ll’ . tmr
1)001 (1 )t contrasts w i th  the wavy lmghte ’ r at)- ot he’r floss ’ control s t r u c  lures are’ t y po  ,ml s i t e ’ s
pearance of the’ r i f f le  (2) (Fig. ,3). Wate ’ m depths where ’ jams forni Danis appear ,is d u s t  inc I i t t ’ ’ .
are greater in t he pools , hut water ve boc tue ’ s  anti (1) ac ross the river cc ’ ith wh i te  cc at e ’ n list doss n-
sur face roughness are generally less The Iighte’r stream Rapids appear as Pate he’s ol cc b ite’ cc ,mte ’ r
appearance’ of the r i f f l es  results from a 1)Ocs ible’ he ’bow the ’ dani in this photogr,m ph Sung l un ’m t
combination of increased bottom re f lect ion and ohsc lire’s surface ’  wate ’ r de’t ,m i l on the ’ cc c c l  s ide ’  cml
inc re ’ase ’d solar re ’f lection due to water surface ’ the ’ photograph (Fig 7)
roug hm ie ’ss A large’ r i f f le (1 in Fig 4) th,u t extends I ni n,mrrow , shal low rivers nii,iniy Ie ’ature ’ ’ .  i i’
,uc ross th~ Wai ts  River is fre ’que’nt ly the site ’ eu l be ’ s ’ .  obvious This us appare’nt on F mgur e ’ 8. cc h u e  h
ice ’  l,mms . Bed material  here is coarse wi th e ’s. shows the uppe’r p a r t  ot tile’ G roton site ’  R,m i ui dc
posed hou lde’ rs ( 2) a n d  e obble’s (3 )  In F mgure’ 3 , (1) ,ire’ appare’nt u1)stre’afl i of arid cc’ i t hun ti le ’ s i te ’

Sung lm nt ohs tire’ s the rapids on the’ doss n s f  r eam

— . — . e’nd of the’ photograp h T he’ appe’am,u iu( e’ ot a
‘Seungle n r us ‘ .sr i , , , ( c uu u , , i i ’ .  c’ ,inh he ,nc i i ,,n u,r ‘.u,l,ir n il,’, I,e,n P00l (2)  is we ’ l l  i l lustr at e ’t i  in this f igure The’ pool
Ilc u ic i mo r is cte ’Iine’cI ‘is he ’ ut e ’ sr reu e Iie,n ‘‘I I~ti.’ uni,ig,’ e fe ’ i , iu l  uu ec c o n t r a s t s  we’ll wi th  the’ ,ldl,le e’nt rapid ’. anti nil-

l,e rnu e i n i ,i cs,,Ii ’ ,en’,’h’ ,ii’ru,,l ;uhuu t , , e ~r.it Ii in us ~~ 1 ’ .e ’ ) lIe ’s It ,ippe’am’. to have’ a smniooth s umfa e e’ anid thu
mI t e ’ ,ulu ’ .e ’ r i ,  e ’ e , i  ,h,i,I’,c’. - e nd I,’. I i , i I , u i ueun cisc mI ~

, i dark tone’ is  due’ to le ’ss bottom ii me ’ t l e ’ c t u um n i
Ieein ci ,u l i m e ’  mc ,  , uu l  lu ’ ’., ’, ii,,, ,~ ,‘t t i , , ’ .  c , ’ . , ’ ‘ . m e  t ‘ ee l
I ‘5 ,- n ’ , i ’iiei’i p il 7 1  Ii i , ’ . ,It l , t  I I , j ’ i ’  i ’ ul u l u ’ . fiuueg ‘ 

~~~~~~~~~ 
he’e ,iuse’ cml gre’ ,Ibe’r de’pths ,mmi c l It’s’. s cu ng l i m i t
1)01 ,muse’ 01 ,u smoothe ’r cc , ite ’ r sur l,me e’ I spose’c i

fI’ei i mmt ,l ,” . ,c , , .ut u , ,e i ’ .  ,cmm u f  ‘ , , r r ’ ( ” ’ .  . I rc ’ i e ’ r  t , , I,,, ut  , , , r , ’ . , , r n  roe ks and ,ms soi ma te ’ e l  rough cc ,m t e ’ r  a re ’  app , l r e ’ m l t

n I ue ’ Ium ~un , ’iin ilne ,r , ,u’,’.,u , I ‘~pi, ‘ ‘  u I~ ‘ . i t e ’  in the’ ui ps tre ’ ,mnu e’nd , but sung l mmit ohsc ure’s th e ’ m iu

(I
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Tab le Il l . Summary of site specific features and conditions as observed fro m aerial
photographs.
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Ta ble Ill (con ed). Summary of site specific features and conditions as observed from aerial photographs.
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I Iglire’ ‘ . Mc’ ,inth’r c /,issc ’s

t lownst re’an i . Ihe’ ni,inuy e’xpos e’cl rock ’ .  and sonic’ Al the ’ \\ i l m uog tcmni s i t e ’  (1 i~ tIll the ’  ,ijm .
large ’ houlde’rs ,ubong the ’ chann e l sulgge’st tb u,il ie’ ,m r , in c e’ it ,u I,i rge ’ c e u n t l ue ’ m i c  e’ ( 1 )  is  i l l u s f r ,mt e ’ c i
the ’ c hanne’I m,ite’ri ,ml us ve ry oar’ .c’ I c e ’  e ’ n te ’ r in - ig Ilti’ m, mu nu n c  em t mn m mn ,m t rubsmut , i r~ itm ,i’,

R,ljmm ( l’ . (1), a d,ini ( 2) ,  ,mnd a t iant t m mcm l ( 4 )  ,c~m - ,icic l e ’ r mc m c u g h ic e’ solun ne ’ lii the ’ m,min e bi,inin ~e ’ l  t u l

pe’ ,m r Ii) 1 gore’ ~) I he (1,11)1 1)001 ohsc lire’s muu h Imt e umn t r i h u le ’  1cm the ’ Iue rm , mt io nu c i t  ,ui) Ic e’ t ,m n ) )  t15, ii t in

the ’ c le ’t ,i i l  c it c hanne’l moughne ’ss th uat is  e’v i( le ’nI e ’ ,iu Ii s i te ’  the ’  n C I i l i l ) e ’ r  ci t  m l ) , m l cmr ttl h lit,i r \ oct

c losvn stre ’ ,mni fro nt t h e ’  cl ,inm . ,ilthough shucm,i ls ,inci t lei e ’ n u i’ ’ .  cc i’. u nm & i mt I , ’ t i  (I able ’ Il l ) ‘sm,iII (cmii
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14

~

- --- - . ‘ .  
-~~~~~~~~~~~~~~~~

-- ‘ - .- -



ec V -

f
11 ~

‘L~~~~c ’
•

r . . 
‘V

“ 

~~~~~~~~~~~~~~~~~~~~ 
:ff ~~~~~~“

~~~ s 
•

. .

‘

~, 
~~~~~~~~~~ 

~ ~~~~

~~~~~~~~~~11 

,~~~~, ;:

.b 4 ~ 
.

‘

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r ,., : ‘slid 
‘
~~i

’ I
. -

I ‘ u i u r u ’  1, \ ‘‘i!Ii’tIl e n d  c c l  SI !‘d’r , s!e : u m 5  s i , ’  Is’,’,ic It ‘tu St i / c ~ I lit .4~1

- - ‘4



~ 

~~-~~ ‘~~~ ‘--

I s

* l\ 

~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~ 

- 

‘
,•

‘‘ ~~~~~~~~~~~ ‘

.

~~~~ •
1 I:l

~ 
~~~~~~~~~ ‘.u~

S1
~ !) -. 

“ -
~~~~ ~ r

/ 
~~~~~~~~~~~ ~~~~~~~~~~~~~ .,4?! 

~~~~~~~~~~~

“ ‘ 4 t .  “kr ’ ‘#a~. ~ ~~~~~~~~ ~~~~~~~~• 
.
~~~

p. 
~~~~~ r— 4 -•  

~~~~ ~~~~ ‘
. 

. 
I,’

+ 
~

‘

~

‘

c:

’

~~ 4 
~~~~~~~~~~~~~~~~t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

h

;

~~~~~~~~A “*‘~~ ‘% 
~~~‘*~~J~~~~~,;

’ 

~~~~~ 

‘

~~~~~~~ ~~~~~~~~~~~~~
~~~~~~~~~ Lçi~1 -

~

J~ ~~~~~~~
4 ’a’ ~~~~~~~ 

-

~~~

‘
~~

- _
* I

~~~~~~~~~~~~~ H

~~~~~~~~~~ ~~~~~~ \l*tc~~I\ ~~
aI~ ‘4



_ 
- ‘. — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~ ‘ .“ .~~f : , . 
° 

‘ ~~•
1 4;.X~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~,.‘ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
~~~~~

‘ • “
%,,,

° .9
.%
.•

~~~~~ 
- 

~~ •‘~4f~~J;’ ~~~~~~ 
‘: • ‘

~
‘

I , 
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~ 
~

_p.~
” cc ,

’

~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~ 3

~, ‘;‘-
~~~~,•,

‘ 

~
. ~~~ ; 

.t• 
‘ •

~~~~~~~~~~ ~~~~ = . 
~~~~~~~~~~~~~ 

I 
, • 

• •:&
~~~~ 

III
~~~~~~~

.
r•

. 

, • ,~~ ‘ m ~~t

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

i~ ,r I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ 
~~~~~~~~~

0
• • 

~

,• ‘ 
$-‘w .~~~ 

‘,• ‘  4’ ‘
I ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~:

~~ I 
“I ’,- ~~~ 

~~~~~~~

I ‘ i ! , m f ( ’  it I , ’ ‘ ‘ c :  s- ’ ; ‘ ! ,‘ ‘ ‘ I ’  .111 ~ ‘ ‘ ‘ —, , ,  J III i t

_ __ _ _ _  - 
k



~ : ‘7 ~

~~ ~~I b .~~~~~~~~~ o ”i~ 
•

- •
•
. ~~~‘ -4~’- J  •cc ~~~~~~

‘
, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ‘ £ ~• 11 •
,

~~~~~~~~~~~~~~ -;•
~

•• 
‘ 

•
- 

d
iI’ 

,ç;
•

-~ 
- 

s~~~
’.” ~~~~~ 

£ . ,

~~~
, ( ? 

‘

~~~~~

- , .rII 
•. - ~~~~~~~~~~~ -

I •

‘

,~~~~~~~
• : ~~~~~~~~~~ 

t .~~~~~~~~~~~~

,

I

,

(:‘
,r

~~~!~~~ ~~~
‘ 

~~~~~~~~~~~~~~ 
I

• . • 
- cc. 

~11)4~~ ‘~~~
‘
~~~~*. 

•,
p~ i ,~

‘
c ,, ‘V

- 
(‘

cc 

s
it 

l V.

~ 

_ _ _

‘r~~~
’
~~~ 

‘

~~ 

- 

~~
,

‘~:~
--
,

- 
~~~~~~~~~~~~ 

Ib-~~~ 
~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ 

I • 
b
. / ==

~ ri~~ ~~_ -

‘,,0~ I

, ;•~~ 7
L 

:~~~~~~~l
&

~~,: 

I~~
i

~~~~

• 

~~~~~~
~~~~~~~~~

Iul,’iur, ’ ‘ C ‘ , i ’ ,, ‘ I I r , i ’  1 - t,~~,lIi5 !c’tc ’ - i , I ’ s i ’ i ’ , i t ’ ’ e I i i ’,  ‘.1, ,,!. s ’ D’ 5, ,i ,‘ ‘ i ’m ‘ i m l

Ill

—



•-•:;Q l
~~~!ç*

,
~~~~~‘

- -

F - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• . ‘ .•~~C1~41;,~ ~~~~ 
-

I

~:~=
- 

~~~~~~~ 

F
,

, 
‘ I~~~~~~~~ 

- 
,~ 

-

‘.• •~~~~~
%

I
)~t~~~~ 

- - 
-. “\

~Lc P!F’le - 
• 

‘

•
•• - ‘

~~~~~~ li
t
,
, ,,

~~~~• 

I
: 

,:-
‘ 

i-
’
- . 

,

~~‘

* !

A •

. “.

~

- . _ _ _  -‘  -~~~~ -



_ _ _  
-- ~~~~~~~~~~ ‘ ‘~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘
a”

cc ,us probabl y insi gn if icant . The coarse texture of near this reach. Rap ids (2) occur  on t he eastenii
the’ bet) material us apparent as shown by the end, and pools ,m ne ’ extensive. Channel cvu c l t hs ,~re ’
nuanv exposed roc ks in the channel and by the variable , approx imately 500 f t  at poiru t .4 , .3 5(1 II
boulders (.3) along the shore’ . Sunglint obscure’ . at poInt 4 , 1611 f t  at point 5 , a nd are wide st near
the’ sur f ace water  detai l  on the downstream smtle m id-c h,innel island s and bars. Most of the’ c hamu-
of t he photograph (Fi g. 10). nd is bordered by grass w i th  scat tered tre ’es and

brush The ’ f lood pla in appears to be witie ’ , hut its
Site descriptions bountiarie’s are not readil y discernible. A powc’r

Most of the s i te ’ s  described have not bee-n darn is the (Jownstrean u linuit of this site ’ , and t he’
observeti in the field wi th or without ice anu s by low veloc Ity Pool he- ’hind the ’ cianu imrobah l’m
the’ aut hor and the upstme anu and downstream causes the format ion of lams
limits of sites as niarkeci on the photomosaics
were provide d by personnel Iromuu the Vermont Hard wick ( S i te ”! )
Department of Water Resource ’s who have It e’ anu s typic ally occur  a long the Lanuoi llc ’
visited al l the’ s i tes Most of the’ inlomnuat moi u n River trom Hardw ic k to Hardwic k Lake I he’
Fable Ill was obtained tronu aerial photograp lui c hannel slope’ is ge’neralls’ unilorm , and ri ft It’s
interpretation , alt hough data on channel slope ,mntl e’xpo se’c I niici-c hanne’l mot ks are’ cornnlc)mu
we’re obta ined troni the USGS topographic (Fig 11) 1 he pool behind the H,mrdwic Is L~m k ’
quad rangle ’s ci,inu (1) appam e ’nt ls e’x te - nc ls ,ipproxinuate’lv 350 II

east ot the’ bridge’ (2 )  where the’ rough sur la e
Rich ford (Si te  I) water  anci r i f t  Ic ’s e’nd A pool is Immese ’ nu t at t he’

I3ecause ice jams generall y occur along t he’ east t ’ r rl end ne-ar the hridge (.4 ) t he’ c h,mniie’l
reach of the Mmss msquo m River through Rmchford , mate ’ r ia l ,lppe’ars c c)am se ’ (near point 4), arid is

hannel mod if icat ions have been made ,ulong granule’ . to ( obbles (I ug 11 , 1 able’ 131 I , App RI
thi’. re,ich by the Corps of F ngnnee’rs , New ‘lurk I he’ coarse ’  nm,ite’ri ,iI ,ippe’ars to he’ use’d ,ls ni~mr ,l~m
Distr ic t These modif ic ations mncludec l c, hanne’l along the’ c huanne’ l near t he ’  bricige- ,ut 1)01111 2

- ‘ st r aighten~ng near poInt 1 and const rue tion of ,u Ripami,in S e’gt ’ I ,m I ion is pme’dcnui inant I’, ui rass ,und- ‘ tlive rsion cla nu ’we ’ im (2). Riprap (9) is app,lrent hmu’.hu alorug the’ up t me ’ m p o r t i o n , ant i tree’s ,incl
along the’ channe’I where mod it ic a t ions we ’ re’ brush along the’ h icc c r  port non I he’ I lemodp l,l mu Is

made- Pools are ve’ry f ,m lnt (7) and sho,u Is are ’ not c c - e l I  (ie’t inic’d cm ii the photograp h’. ,ind the ’
ge’ne’ra I ly not apparent except near the’ mid- hanne’l ,ippe,ims 1cm be’ inc ise’cl , a I thollgh ( ,ul ki ris

hanne l bars or islant is on the- east side- of thie’ (fu’rson,il omnlunit a l Ion , 1976) st,i ted I h,m I I hue’
sit e- I he’ rive r ,uppears shallow (6) antI dee’p (7) at c h,uiine’l is not nc se-cl A Iamge ’ nle’,lnu(ie ’r ha r i’ .

the ’ two sharp nueandems. Riparian vege-tat ion il l- pre’’.e’iut cm the ’ sharp nuie’ander ,it the ’ e ’ast e mn e’nc l
C, 

t luck’s exte ’nsive are,i s of grass Downstream 01 of the re’ ,ic bu , but bars ,ire not appare’nlt on t h e ’
- 

. point I fl oodplain c le’ve’ lopment Is sp,u r~~e, of hem more’ grac iua I nueande’ms A stable i c e  (OS C r
however , buildings ,m re- I re ’que’ntly found on the’ th,m t forms cmn t ht- l,uke’ is a tmr in ia r~’ tac tom in iri~
floodplain ye-my near the hannc-I upstreanu l,iriis it iat ing ice ~~~ he’me’ Franken stein ,incl Calk i ns

4 may form at this s i te ’  he’ ,iuse ’ Ice  nloverne’nt is (personal ommuni at ion, 1976) point 014 1 th,i I
s lowed while ’ passing through the’ f i rs t  rne-ande ’r tra,il ice ’  I mcmiii the- upstre’ani ma pmd ’ . ,mnd the ’
anti bet ause an ice ’ c ove’r I omnus on the’ 1)001 ma ilmoac i bridge’ pie’r~ i1i,i ~’ ,il’.o be’. inmport,In I fac -

c iownstre ’am (morn the- rapids ( 4 )  Morris and tors
Aike- n (197 4) me’port that ,ims fr e’que -nt ly O t t  ti m
he-re ’ whe’n ic e ’  a t e  umulate ’s he hmnci a stable ’ L ‘, ndonc u!Ie (Site ’ 4/

ove-r for med cmn pools and in slack wate ’ r Re ’ anu s usua lly o cur  along the’ P,issurnpsie
re- ,ic he-s River north of I_yndonvi lle’ I hi’ w ate ’ r  surt ,l( e’

pe’ars snuoot h and the ’ wa te ’r ,Ippe’ ,ums cl e ’ e ’i m
f nosburg fa l l s  (Sm (e 2/ throughout the’ re-ac ii ~mm,iIl niid- hanne l bars

~~ tan u s o~ ur trom the ’ powe-r dam in F nosburg ,jre’ appare’nt and F r ,inke ’nste ’mn (pe-rsonal e c nu-
I a I Is upstream past North F noshurg (1 ). The ’ muni ,i t cmii , 1 97h) h,is ob’.ers c-cl a iii id -c hanne’l

1” ups tm e- ,im limit of this si te ’  is off  the ’ bar in thu ’ . me-at Ii Meander hams are ’ absent e m r
photonuosai(. T he’ river slope- is gradual hil t IS snual I Ire-c-s ,ind brush oc t  ur in r mat he’s alcing
not est i mated bet ausi’ ontours on the’ the’ soothe-rn arul northe- rn port ions , and border
topogmaphi quadrangle- (Table II) do not t ross the’ e-nt ire central  portion of the ’ u hanne’I I hue’
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I iguni ’ II , C fn,inrrc’/ ,i( I lardcc id ’, si te ’ j ot))., ing ( / cucc fl ’.tri’,im, Rut f / e ’  ( I I ,  c I ta r t r m c ’/
rot Is’ . ( 2/, o,Irsu’ c h,inrme ’/ ,mn,i tc ’ nu, i/ ( ( 1. / I ’h o to , t c ,u rf e’ sc ot 5 l ) t ’n I I , m r tcu t , -’)

f loodp lain cc (1111 us ,mn i, ihl e ’ , 4111) II ne’,ir 1)01111 (II a ltb u m uig h sc at tem e ’cl  small mif f  It’s ,Ire’ ta i rut l ~’ ,up-
,imud rue ’ar ly 401)1)11 at t h e ’  sc m uthe ’ r n  c-nd ,ic ne u s s  tile ’ Im , i r c ’ um t I he’ tloocI~m l,iin us n,irrcm cc (-xc e’pt ne’ ,ir St
iu cm rth sid e’ ot L.yncio it ‘ ilk’ h t s  c ’ bricig e ’s c rcms s lh~ le m lunsbtir~ ( e ’ iu te ’ r  ,inc l ‘ .c )Citl i  tc u the ’ large ’ tl,i t (4),
r ive - m , t b ume ’ e ’ ne’a r nue ’,mmucl e ’ rs , brid ge’ r m ie ’ r s  ,i re ’ s i  ,iiucl i, h,i nne’l cc c i t his c ,imv I moruu 71) Ic) 161) It (1,1 bIt’
ble’ at the- mu iic Idl c ’ imn iclgu ’ emm i l y Il is liki’l~ th u a l t he’ Ill , App II)
c c)nu hine’d e f f e ’ c  I’. c ml ,i nuild gm,i d ie ’ntl a n d  ‘ .h,m r 1m I r ut i uc at um ns of c hu,uiuge ’s iiu me ’ la t ive - d epth alcm i ig
nie ’a rucl e ’ rs th, mt re ’ s tm i c  t ~m ,iss,ige’ c it t lc m c v i i ug m c i ’  m u - Re’ , m c h II ,lne ’ ,i lm lm ,Irenut c m rul c arcm u nd the’ is la n d
it i ,ite ’ Icm c ,il l,unu m im ing (‘ ,il k in s (pe ’ r ’ .cmiu a l C 011)- uu e’ ,ir flit ’ nucm ut h 01 S le-e ’ lme - ms Rnv e ’m (6) 1 bie’
nu unie ,utuor u , 1971,) te ’ e ’ l s  th ua l thue ’ slope’ c bu,nngc’ I lc mc u i ;ml,i i ru a I m r m e ’ ,m rs Ic ) hue’ cc uci e ’ r  and the ’ ( hu aru rue ’l

,ilong this me’ ,uc hi is th ue ’ nu,mlor t , uc tom b Iu u cc e ’v e ’ n , In s h,iime’ ruu (mre ’ S ,lrI,ible’ ,ilcm ng this re ’,ie bi (‘hannue’ l
c hic a t t ) rs  of thu m s c hi,iiuge’ are’ ncmt app,ure’nt on ti le’ widths alc)ng Re’ ,it hi B (I able’ 131 , App II) are’
phuotoniosa m c s t ins imo nmu ts out the ’ need Rmr I ie ’ lc i gre’,l t e ’ m aru(l more ’ v,mmi, ihle’ , arncl I u s e ’  niua or C bu,m n-
ve ’ril it ,i I ion and grou nud-tru th d a t a  t cml  le ’c t m cmii rut- I 01151 mit I id )iu s (7) O( cur  Pme’v ic)u s stud es (U S
su rve ’ys ,us an inte-gr ,ul part of t urthe ’ r iiive’’ .t ig, i- Arn uv Corps of I uugu n ue ’e ’ms 1972/ ind i ca te d  the ’

iorus using pho tc ) in te ’ rp re ’tat icnu te ’c hnique’s pri m ary ta t  tors c aus u mug ice ’ anus in I hue’se’ me ’ a c, hi’s
t cm be the ’ brid ge’ piers , the- 1)001 1 mom the’ ti,mnu ,

St. Johns bu ry ( S i te  5) anti the ’ c han nue ’ l c ou st m~c l ions
Ice ’  t an us f re ’c~ue-nt Iy ot cur in two re ’,ic he”, 01

t he’ Passumu i psuc Rive’m ne’am St. I ohnshury: Re’ ,uc h Ri chn) on d(S i tc ’  6)
A , t rcm ni St I ohnshury ( e’nte’ r (1)10 the ’ north e’nd I hue’ i e’ t,)rlu si te ’  e ’ s t e ’ nuds I ron flue ’ lur ic ige’ ru
cml St I cmhnsbu my (2), ,i nd Reac h B, I romuu t he’ clam Ric hm ui cmn d clowristr eanu 4 5 flu mIt ’s to the ’ ma ilmoac i
lust nort h of the’ c o u t  lue’nc e’ of the ’ Mumos t ’ (‘i ) and hmucl ge ’ I he’ ‘.nlc)c)t h appe’a r,u ruce ’ of the cc ,ite ’r sci r-
P,issunupsrc R vt-ms to the- f i rs t  claiuu clow nustm e’ ,mni 1,1< e’ sugge ’st s t h,i I the ’ cc ,i te ’ r is ge-ne ’ra I lv de-e ’p
from St I ohnshury I he’ nort hue-rn end 01 Reach a nd t h,ut r i f t  he’ . a re’ not 1)r~ mIne-nt I lie- c hu,inne-I
A , nue ’ ,i r St I t mbumush u ry Cente ’m , appe~irs ttm he is wide-st ge ’ne’r,dls’ nc -ar b,irs cmr island’, t rot”-
sha I lc mwe ’r I h,mnu the ’ scm ti t bue ’ mru e’nid. Sungl I rut ( 3 )  on ,m ruci brush i)cmr cl e ’ r I hi re’at h, ext e ’pt a lc mn g t hie’
t h e -  sc~ i I horn pc m rt ion cm f e , I c  ii photogm,i imh in flue ’ cc i ’s t i),Iruk nuu ) rt hi (ml the- m nte ’ r sta Ic’ bridge-s (S I
hmhotc )nuc)s,1 i t  e’nh,irue c ’s cc ,t te r s urf at e’ roughne-ss csi iue ’ re ’ gr,iss horde-ms hie’ t hanne-I ( 

~ r ,is’ .5 P,It( hue ’s
fe-at t i re - s ,und shows t hu,i t I hie roughne’ss tie-c ne ’ ,m se ’ s ,u1sc m borde’r the ’ re’ ,I( h ,i I ,i te ’ cc snia II areas else’-
to the ’ soul hi a lcm ng the ’ re- ,Ic hi W ate’ r us too tle’ p wh ie-re ‘cle ’ ,i nck ’m b,ims ( 1) h,ive- formed on Its ci c m l

t e m m indic at ions te l depth c hange’s to be’ ,lppare’nt ,
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the nueande’rs . The floodplain is usuall y w ide, c’s- pears dee per since ’ pools are predomuruant The
cept ,mt location (2) ,  where t he river f lows in a hannel widths are variable 125 f t  at point .3 ,
narrow channel with no floodp lain . Develop- 160 ft at po nt 4 , 50 ft at point 5 , 75 f t  at point 6,
nients on the floodplain are farms , a trailer park and widest near mid-channel bars. Sharp nue’ ,in-
(.3), and the tow n of Richmond. Piers for three of tiers occur at the’ western end of the’ re’ac h ,mncl
the f our bridges that cross this reach are ap- the f loodp lain us w idest at this end A small
parent , but the piers were not built in the river d ownstream dam , mid-channe l bars anti the ’
ch annel. The factors that most likely init iate nueandems probably restr ict  ice flow enough to
jams are the railroad bridge piers , nueandems and he’ the major factors init iat ing j a muu s
mid-channel islands or bars ,

Gr oton ( Si e 10)
Moretown ( Site 7) Ice’ janus form along the Wells River from

Jams generall y occur from approximate ly 0.6 Groton (1) upstream approximate ly 2 nui les along
mi les upstream from the dam (1) to 1 mile the ’ South Branch (2). From the upstream end to
upstream from Moretown (2). Sung lint (5) the ’ c :onf luenc e of the river wi th  the North
obscures the water surface in several locations Branch (3), t he’ channel slope is steep, depths are
on the downstream end of the re ach The chan- usually shallow , ri f f les are predonu mnant and
nd w idths are variable; where bedrock is cx- long, pools are scatt eme ’ d and short , and the’
posed (7) t he river channel is narrower than flood plain is generally narrow Belocc’ the’ c oru-
w here’ the bedrock is not exposed. Along the- f luenc e , t he’ f loodplain is wider , anti t he’ slope ’ us

sout hern side trees and brush occur on the’ lower nuore’ gentle’ , a lthough ‘ . tu l l  ste ’ep , Bed rock is c’s-
th ird of the reach , and are patchy elsewhere ~ose’t i at pOint T Channe’ I widths are variabl e’ , 35
A long the northern side , grass and brush borde’r I t  at point 8. 90 f t at point 9, and 71)11 at point 10
most of the channe l, and trees or patches of Important fac tors in c ,iusung ice tan’. are prob-
trees are scattered. At the upstream end of the- ably reduced channe’ l s lope (45 f t  nui) be’tween
channel , the- floodp lain is appmox imately 1600 ft  flue ’ niost downstream bridge and the third
wi de; at the eastern end, it is absent . Thue’ likeI~ bricige , shoaling (5) ne-ar Groton , a n d  thue nuost
causes of jamming are the dam (1) pool and the’ t loccnst rearui nue’ander. Calkins (personal toni-
shallow channel. muuunic ation , 1976) said that the’ nut mst s i gn i f i can t

I,ic tom us the reduced channel slope in the ’
Montpe i i e r (S i te8 )  tloodp lain and possib ly f ra L i l  ice fo mnuation in

The site along the Dog River is approximately I lie- ste-ep re-at he’s
1.5 mi les southwest of Montpelier . T he channel
s lope appears to be uniform , and ri f f les are more’ I ast Corinth (Site II)
prominent t han pools. There appears to be’ c e ’  l,lmus typicall y occur at the’ confluence of

ri prap just east of point 2 on the outside of the the- Wai ts  River and Tabor Branch (1) near F ast
s harp meander . T he’ channel widths are variable Corint h ( 2 )  The ’ channel is ste-epest ,mlong the
(70 ft at point 1, 100 ft at 2 , 150 ft at 3); they are labor Branc h, and it is s hallow Pool’. along the
gener ally widest near mid-ch,innel bars , and nam- Wai ts  Rive- r portion are usually small and not
rowest a long meanders. The sharp meanders , too deep T he channel widths along the labor
mid-c hannel bars and associated shallows prob- Branc h vary from appmoxin uately 30 to 50 ft . and
ab ly cause ’ the ice ’  jams. Calkins (personal corn- widths increase ’ to 75 to 110 f t  along the Wai ts
munication , 1976) suggeste d that the local Rmve’ r I c e ’  t ams have’ fomnut ’d along t he Wait ’ .
ch ange in slope and the confluence with the’ River at the bridge- (5) near the t onf Iue’nt e and
Winooski River (north end of photo mosaic) may have’ caused ice’ t locc ing down the’ Tahor Branch
also he important factors .  tci s tabi l l/ e ’ and h,ick up the’ Ta bom

Last Montpe l i e r ( S i te  9) Bra dford Cente r(Su e l 2 i and
1 his site ’ is located between Piainf ield and Brad fo rd (S i te  1 .!)

F ,u’.t Montpe-Iier on the- Winooski River . The Site 12 e’x tends from the’ upstre ’ ,mm Im nu it
hanne-l slope- appe-a rs uniform Water appears (shown on photomo’.aic) to Bradford Ce-nte- r (1 1

shallow ne-ar the bars (2) and along the’ eastern Site’ II extends fronu pOint 2 to the downst reanu
pa rt of t b-ic’ reat h where’ r i f f les are comnuon , linuit In some years i,m nuu’. o~~ ur along the ’ e ’ nture ’
along the- we ’st e ’ m n portion of the- reach , it ap- re’at ’ h, hut gener ally are lin uite-c i to these ’ lo a

tions For purposes of this disc ussion , s i t e ’ s  12
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and 1.3 are consic le-re-d a’. one I he’ re - l a t ive ’  the - clam , gr ass horcie’rs the ’ north side’ 01 the
d epths are nuore apparent he-re- than alc)rug niu,uny re-ac h Bars (4) are common in the pooi be’hind
of the’ t the r sites; therefore , the k-ngths of the ’ the - da m (1 ), a few are scattered upstream F s-
poo1s and r i f f les  were me’asuretl ( [able 13111 , pose ’cl rocks upstream sugg -st cobbly 1cm houl-
App. B). The ’ r i f f le lengths varie d fronu 190 to tie’ry channe- l iuiateria l , whereas the ’ bars ne’ar the’
1625 f t . pools varied Iron-i 110 to 825 f t .  1 he’ clam ap pear f iner grained. The’ f lood plain is nar-

han nel widths were measured in thre-e ’ re’aches . row and the’ brook appears to be’ inc sec1 The’
withi n the’ site ’ , upstreanu , and i clownstr eaiuu pr inuamy fac tor  in causing ice’ jams is probably
(Table BI , App. B) Ve ’ge-tation consists  pminuiari ly the’ dan-i pool .
of tree’s ~incl brush wi th s ,utt e ’ re ’c i patt’he ’s of
grass and brush. The floodp lain is ve ’ ry n arrow or Wilmington (Si te  16)
a bsent , Deve’Iopnuent through this are-a us con- Janus usually start to fomnu in the’ uppe’r e’nd d)t

entrated at Bradford Ce’nter and sc atterec l Harriman Reservoir (1,) where f lowing muve-r ice ’ is

along the- downstream channel The ’ prinuamy ~ac- stopped by the stable ice cover that fo mnus or the ’
tors that ini t iate lamming are’ low Ilows that o - reservoir. The’ jams c- an extend a nude ’ Lipst re’anlu
cur a long wide areas with shallow de-pths (Fig. 4), through Wi lnuington , T he channe- l w iciths ,mn~and restr icted f lows that result fronu nuiti- from approximately 30 ft at poin t 3109 0 f t  at the ’

hannel obstructions (m e., is lands and hams) Mom- we-stern end of the’ channel I he’ c han-inc- I appear’ .
mis (1973) reports that ice ’  bunipe’rs have’ he’e’mu inc ised with no apparent flood plain , and the
suggested for reducing the e f fec ts  of j auuus at this poo ls are small. The bottonu mate’ ria l of the
site ’ c hannel appears cobbly It) houldemy up’ .treanu

from the’ bridge and at the’ bar’ . (4) The’ niator
Tun bri dge (Site 14) fac tor  init iating janu s us the’ i c e ’  build up be’hinti

J ams generally occur along the F i rs t  Branc h of the’ stable ice cover on Hamm rnuan Rese’rvoir
the White River froni below the Fairground s just
south of Tunhridge’ (1) upstm e’ani u to North T on-
brid ge’ (3). T he lengths of the’ r i f f le ’ s  anti pc)0l5 ( ‘hes ter / S i te  17)
we’re’ nuc-asure’ cl (Table ’ . B Ill , App 13), since ’ I he-re ’ are two re’ac he’s a lorug the ’ Wi l l  m ,u mu)
re lat i ve’ depths are’ apparent The’ average mit t  It’ Rnve ’ r near Chester sc heme ice’ am’. ty~) ut ’ aI l’u oc -

length is 950 ft;  the’ average poo1 le’ngth is 961) f L c on Re’ac h A us 1 S mile’s nt,mth 01 NorI hi (‘he ’ste ’n
T he’ longest r i f f les and pools oc u ur alt)ng h ue  (point 1 on Re’ac h 13), and Rc’ac lu 13 c- ste-nt is Iron)
scu t hc-m n portion of the mnve ’ m . T he’ channe ’ l cc mcl ths ( he- st e ’m 1 3 straight line- mile’s tlt)cc mu s t re ’ a r uu
(I ab le BI , App. B) vary from 41) ft at poInt S to 85 A lcm nug Re’at h A , one’ 1)001 (2 )  us appare’nl , th u e ’ me ’-
It at point 6. Ground surveys mnt hid ate-cl that the- nii,iincle’r ca the’ re’ ,lt h is ,i r u f f l e ’  F x pose’d rocks

hannel bottom nuaterma l us variable ’ , I rd)nu ,ire- ( cmnunuuon and rapid s are ’ siuual I (‘hia nu rut ’ l cc c i-
gr,mnule-s to boulders , Trees and brush ,ure- lbs (I able ’ 131 . App 13) mm ,ir~ Iron ) 2 1) It) 50 f t  The
pre-c loniu inant here’ , and gr,mss is p,it c’ hy I he’ f lootlp lain is cc’ tie ’ (ahou I 1100 It) ,urud nuiamsh y ( 3 )
f loodplain wi dths are variable anti wither in the’ on the ’ cc e’st C entral su de’ The ’ nuie ’anc le-rs anti the
uppe-r portions of the’ re- ,uch. The ’ most l ikely fat  - me,undie-r bars at the’ soothe-rn e’nd, ,mncl t he’
for causing tam ’ . a long this reach us the pool sh,iI Iu mcc cc ,ile’r , nu,i~’ bt’ the’ prirul,irc t ,ut 101’. th,ut
be-hind t he’ dam (2)  Because’ the’ poo1 develops ,m inif i,i Ii’ the ’ ic e’ lam’.
sta ble- ic e’ t ove’r , rive -r mc i ’  accuniu l,mte ’s , but , as t he’ e hu ,unne- l along Re-a c h B appe’ar ’ . Id) be’
I)e-nHartog (pe-m ’ .onal comnuun ication , 1976) de’e ’pe-r than that  along Re’a( h A and ha’. se-c ’e ’ral
po inte ’tl out , t Ins is nc)t a lways true ’ t c r  ,i II t ,inis in id- haiine-l hams a nd large ’ , ccc l I de’ve’Iope-d
I h,it form ,ut this site ’ roe’a iucie’ r b,irs (‘hanunel cc mdl h’. mm ,urs I ronu 2’S tc)

111) f t  Although rilIle’’ . anti s hal l cm cs pools ,mre’ ap-
Paw /c t (Site ’ 1 ,5) p,e re ’nu t , ruuc isf cml the’ t hannt’ l is ‘.h,ul low Channuel

I ,lms fre ’que’ntly torn-i e ’a st tmf I’a wle ’t  U p’.t re ’ ,i iii h tml lc)nu nia ler i,u I appe-am’ .  C oarse’ Lnc ) le t hi’ c’s-
fro nuu t he- cha in (1) The ’ t hanne’l slope- is st e -c- I )  ,n ri d 1)e ) se-t l hou Ide’r’. and the ’ oarse appe’a raru c e (4))
appe -a rs unifornu I he’ t hanne’l th’pths appe’ar I he I lo u mtl imlai n cc uc i th  mm , i r Ie ’s  Ironi 21)01) It at the’
va ria ble’ , wit h shallow poois 12) and ri f t  Ic -s ( 3 ) ,  the- s emtul  bu c-n d 10 11)1)1) Il in-i the ’ nuiddle’ I he’ nuid-
ri f f les  ,iru’ ornmon ‘T he’ ( hanne’l e UI u’ ~~~~ i h,inne-I b,irs ,inri bridge- nu,i~ he th e’ ontrol ling
from 25 to 4(1 f t  Most of the’ upstre -anl part cml ho I c m r s  e ,uushng iii’ tan lnhunug
the t hanne-l is hordere’d by Ire- c -s and brush , ne-ar

2 3



rIp__, —_.- 
- -—

~~

-

~~~~~ 

,— — 
~~~~~~~~~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~— ~ - ‘ ‘ ~~~‘ .‘

4
a

- ‘rj. -, ~
‘ .- ,, ,,

Figure (2. Vievc upstre, l rn on the Ottauquechee Rn, e ’r f rom upstrea m pou,u!
on photomosaic I 8. Rap , tis in foregrou nd ,ind center are’ shocs n on
photomosaic. (Photo , co ur te sy of D. (, i l k  ins)
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F igure 1 3  View ups tream on the Ottauqiicche ’e Ruc e ’r f rom p oi n t ‘S c m n
photomo saic 18, Note- r i f f l e ’  in center ar i d co arse mater i , i l  on the bar ((‘u nto ,
courtesy of D. Call ’. ins)



Quechee(Site 18) . CONCLUSIO NS
Jams occur from the dam (1) in Quechee (2) to

a location two miles upstream. Shoals are ali gn-
ed longitudinally along the channel and the Ae rial photographs provide a regional
deeper water occurs on either side of them. perspective for evaluating the channel charac-
Small poo ls are common , and although ri f f les te r ist ics at an ice tam site and for analyzing the
ar e not prom inent , they do occur (Fi g. 12). Chan- geograp hic setting at each site. The regional
nel widths vary from 100 ft at point 5 (Fi g. 13), to perspective can be very useful in select ing loca-
266 ft at point 6. Usuall y t he widest sections of tions along the river where ground surveys and
t he channel are adjacent to mid-channel bars or cross sections might be made for further evalua-
is lands. Trees and brush border the upper third lion of the river characterist ics.
of the channel , while grass and brush with patch- The ut i l i ty of aerial photograp hs in the
es of trees border the lower two thirds. Calkins analysis of ice jams and ice tam sites is clear .
(1976, Fi g. 4d) describes an ice jan - i below the Photographs of ice-free conditions are useful in
foot and golf cart bridge and states that the 1)001 estimating channel widths , and r i f f le and pool
behind the Quechee Dam is the major factor  in lengths; in identifying channel obstruct ions ,
causing t he jam because it prohibits ice nuove- shape , bottom materials , and f loodp lain charac-
ment by deve loping a stable ice cover that backs terist ics; in surveying for locations of cross sec-
up upstream river ice. tions , and in providing a reg iona l perspective to

eva luate channel character ist ic - s upstreanu ,
Taftsv i l / e ( S i te  19) throug h, and downstream from an ice jam site.

Jams have occurred at various locations along Photographs taken after ice jams have fornued
t he Ottauquechee River from the dam (1) in are useful in identifying the formation st age of
Taf tsv i lle (2) (section A on photomosaic) throug h ice cover growth , in analyz ing the sIze , shape ,
Woo dstock (3) to West Woodstock (4) (Section and distribution of the ice blocks that foriui the
C) * Depths appear shallow along most of the jam; and in docunuenting ice anu breakup and
reac h in this area; pools (6) are less numerous movement. Aerial photograp hs should be taken
and not as long as r i f f les (7). Sung lint (8) is during ice-free conditions when the river
minima l and occurs on only a few photographs. discharge is similar to that dur ing ice’ ta rn fomnu a-
T he- channel widths are variable , mid-channel tion , w hen trees are bare or nearly so , and w he’ n
bars or is lands are common , and mean der bars haze is generally mininual to provide’ nuiaxm nuunu
oc cur  at most of t he’ meanders The channel ap- photographic t lari ty.
pears incised along Section A. Dense trees and In detailed invest igat ions of the’ h,mrac te ’ n us-
brush are predominant along Section A and the t ics of ice ann si te ’ s  or of ice’ anus , the’ re ’su lts of
lowe- r half of Section B Along upper Section B, t he inte ’rpretation of the ’ ae’ rial photograp h’.
de’nse patc hes of trees and brush are sparse ’ r anti should be’ ve ’ r i f ied by c onducting ground sum-
grass is more’ common t han in section A. Trees ye-vs Ground surveys shoulti also be’ pe-rtornue’d ,
and brush are- sparse along the north side’ in Sec- pa rtic ulam ly for site- analysis , to deter mine’ the’
lion C, hut dense- along the south. The flood plain pre-se ’nce of bridge piers , t he’ s u e’ of bed niate-ria l
is promine-nt ( ISo ft wide) upstream from loca - nof always apparent on ae’ r ia l  photc mgrap hs , anti
tion 9 Across t he- large- meander, the f loodplain the- slope- of the channel along its longmtudinu ,m I
is 25(X) ft wi de, but it narrows to approxima te ly 1)rofi le’ I n’cie’pth analys is  of itt’ lam’. n ust ,ilso
1000) ft in West Wood stock Bridge piers are’ c’vi - inc lude the ’ compilat ion and s y muthe- s is  of 1)
dc-nt at t he- upstream bridge (10) in ~‘Voodstock , historical information re’gamc hing trc’que’nc y,
The- most luke- ly cause o f  ice lams in Section A se-v e-rit y . and resulting f lood davuuagc’ ,mnd t han-
and the lower portion of Section 13 is the’ clam ne’ l erosion , inc luding de’scmipt ion of pre’vIous
1)001 in Jaft svi l le Farther upstream , t he- shallow anu s (i e’ , time- tan - i- i fomnued , floo ding. nuove’nue’nt
wa t er , bri dge- pic-rs , mid-channel anti meander and breakup) from local PeOI)le’ , and 2 1 data
bars , ,nnd the meanders may initiate’ gam s fronu ae’rial photograph’. ta ke-n during ice ’ ,mnoi

i c--f me-c- c ond it ions
(a l k in s (1976) po~-iI’. out that ge-n e-rally no

Sc - icons A ,ind It on ihu’ uhoiom rueu’ ., iuc ( un ,nI nh. .,rr,,~~’. 1

end l 2 in ihe’ nuucldle’ oi S.-, iuuun A ,.nil on the ’ iu nse ’r rug hi c i  sing le— fa c tor is responsible for init iat ing ice- ams
‘u ’ ,  Ico n H S u m  luons ft dnd ( u,’ ., ’ rJ, iu 1u,uuni I) us u ,nmmiru ucn no However , one condition doe’s re’pe’ate’d ly show
Imoth up in the’ ae’ria l photograp hs a flow control
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structure. In t he 19 sites evaluated , at least 15 c haracterist ics that play a dominant role in caus-
(79%) have a f low control structure of sonue ing ice jams. Such a record nui ght be useful to
type wit hin the site or downstream fronu i t This those evaluating possible- approaches to remov-
imp lies that a pooJ with a backwater condition ing jams af ter  the channels are’ obsc cu re-cl by u e’
of low velocity exists and that a solid ice’ cover Wilkinson (personal c onun unicati on , 1977) in-
forms on t he pool . T his solid ice cover often im- dicated that these ’ st udies of natural and artm-
pedes the transport of ice downstreani from the fmcia l  means of j an-i breakup anti of the su ce’ss
fast f lowing reaches; consequently the jams of ice tam removal ope ’matmons , i r c luding ap-
form behind these pools The structure mig ht be propriate techniques , limiting factors , etc. ,
a sma ll power dam , a f low control weim , a bridge would be helpfu l to Corps of Fngineers field of-
pier , or a natura l constriction that creates the (ices.
bac kwater. A long-term investigation acidm e’ssing the’ proc -

T here are sites with no structures , however , esses of ice jam formation , t he hydraulic s of the ’
w here ice jams occur; the conditions responsible river at an ice janu site , and t he mechanic ’. of ice’
for initiating t he jams at such sites are unclear . tanu formation on t he Ottauquechee ’ River is cur-
Genera lly, in t hese locations jams form at sharp rently undemway. * Wi lkinson (personal conu-
meanders in floodp lain’., w here there is a natural munication , 1977) pointed out t hat such an in-
c hannel restriction or widening, or a si gnificant vestigation is needed and that results from it

c hange in water surface slope , usual ly from a wou ld be very useful The ultinuate ’ objective- of
steep to a mi ld condition. t hat study is to deternuine whether flue location

Many of t he condit ions suspected to be fac - and the time of an ice ~anu can be pre’dicted. T his
t ors causing tams at the sites stud ied could be is not presently possible
c hanged in such a fashion that fhe jams would
not form or t hat , if t hey did form , t he’y would be
less severe and their ef fects less of a problem SELECTED BIBLIOGRAPHY
t han at present. However , any nuoditicatio ns ,
suc h as straightening the channe ls , c hanging t he Av e r s , I t li9imii ) !nierprc’i,ciuon on ,i,’ri,i/ pluoiou,’r ,iphs Muu,-

s hapes of channel cross sections , increasing t heir nc ’ , u i u u u l u ’ . , Mu n r ic ” .u u i , u Burgess l’ubiu’ .Iuing ( ,uu mu~u,cns
( ,uik ,u ’u’ .. L) I ln’e 7i , l d)h s r ’ r ’ . , ut uuuu , ’, cur rni~I ’ . ’ . u r u t c ’ r  uu c ’ u ,u c m ls —

depths , etc., wou ld alter the character of the Whine ’ , O)it, i ( u( iuc’c hc’ c ’ ,cc,~l ( uunn u’ , II, u u i ‘ i ’ . ,
river reg imes and the environmental se’ ttungs at R R I  ~, t ,~ ~~~ ,u l \m~t ,- (uuc m i u tu tU u shc ’ c i t
t he locations ( ,u l ku n ’ .. I) I ()‘i7e,) I’c’r’.u,n,nl u u’unrni, nuu ,itu,un Rc’ ’ ,c’ ,, ru h

Hando (personal c onumunicat ion , 1977) m di- flsul r, , ul ic I noun-c r ( RRI I
,iikur ms . 1) 1 . ‘-ml S Hut ton ,un~i 1 I St.url,, r ( i ’ i 7 i c i  A n,cl ’ .s i ’ .  c uicate d that this aspect of enviro nmental altera-

i m cuiu ’ nr u, c l  c c ’  u,cnl sui t ’ s ccn t hu ( uu nu m c ’ c m u,  cur R ’ .  c r  ,uition is extre ’me ly important to local peop le near 55 u r ~~I’,u,r S’ c ’ r u, uc ,nm (R R I  I Ru ’ i c um r t  7i, 4 1 ‘ .uhunutic ’cI mc ,
t he ice janu site- s and throughout Ve rmont. the rh, I nuu ’rgc’nc s C )iuc’ r ,uiuon ’ . t ,‘nic’r \.‘~‘. I ngi,c nct f ) u’ .
‘‘Ve’rn ont as Vermont ’’ consideration of a lte r- non , t uur~ms cur I ngun c’u’rs Al) Aim ii

natives for re ducing the’ c’ffe ’ c ’ts of ice jams t , c i k u i m ’ . , 1) 1  ( l ’ i77 1 le t ’  i,urn nnc’ ,is(, ru’n) m’f l t ’ .  ,u ncl tuc md , ’ r u , u sc ’ r

wou ld have’ to he add resse d he-f ore’ any c - hanne’l ruu ugtmnu ’ ss u ,ulc ul,,Iu,,n’. t RRI I I,’, hnu, cl  \uth’ (On
iu uhlu’.h ,’d)or strut tore- moclif i  ations performe d to 

D.’n II,iriuug S L ( i ’ -1 76)  i’c’ r’ ,uun,il c c u nucut u n uu , un uc ,, , , Rc” .u ’ ,c ru  Im
a lle-viate- the proble’m of future ice m in us Gu’ruluug u’ .r , t RRI I

De —nH , i r i r u g  5 1, I t ’ i77) A e’ ru ,i( m u l uc , i , m ur mnu ’ r i u r , ’ n ,umu ou ,  uc t  ,u s c c u, i l I
( I’  .11mm t RRI I Sp, ’ u u _ui  R , ’1 u c , r i  SR 77 12 - 5) )  ‘\ii4~ R o

ADDITIONAL STU DIES I ra nke ’ ns Ic ’ u n , C 11476) Pe’rson,u l d onrnmunu, ,uluon i t c  I n gu ’
n -c ’rung Brand h. d :RRI

F ra nke’ ns nc ’ u n, ( , .i nd I) I Ca 1k u n’. Ii ‘-471, t’,-rso n,, I (urn mc, flu -
Future studies using ,ie’rual photograp hs could luon

c’nume- r.ite t he cha racter is t ic  s of se’ Ie te-d ic;e t ; u r ’ .  “.1 R M Arc ’ , ’  Ir ,u rcd ( I sc ull (I c l u rc ’ r ’ . l

t am site ’ s in Ne’w h- Iampshirc’ and Maine’ in a f a sh— c ,I uu ’ .v .urs cut  gc ’culccgs A mu ’ ruc un ( . c ’ c ’ I ’ ’ g  ,,I ic u ’ .iu) u ,tc’

ion sun uu i lar to that of the present s tu dy anti give’ ci 55’ a ’ .hu ngi r uni , 1)

we’ig htc’tl value ’ of the’sc’ c harat te ’ r ist ics ha’.e-d on (,e ’r,uru l te me7 ~ F’ re ’ l cncccm ,ur ’ .  m h’c ’ r’ . , iru ,uns mt sprun g u t ’  i,cuni ’ .
un AlI u ,’ rr ,c i’ nu~~’c ’ thr tgs c ut thu I Imur,! l n tc ’ rn ,um ,u ,n,, / 5, rut -t he’ results to (late ’ of the’ stu d ies of ic e tam poss u m  difl ice ’  t’ r m u ) , I, ’n, ’. I,’i - 2I ‘ lmu u,’ u u s r  i ’i S li en,’’. c r

mechani( s This would provide’ ~i pe’rmane’nt N,’,s ii,intiu’ .hirt’. m ’ 21,1 ,~74
photograph ic re-cord of t he- important s i te ’ s  wi th 

____________________________

,in act  ompanying eva luation (if fhe’ hannc l 1),irrs It ,c ikcns , ( RRI I , imr i nc pal u nve ” . l u g,e ic c r
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APPENDIX A: PHOTOMOSAICS OF SiTES

t he origina l photomosa ics used in this work were
from 2 to S times t he size of the reproduct ions in
t his Appendix . Eac h caption contains the scale of
t he orig ina l photon’mos aic and the anuount each
photomosaic was reduced for publication.
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Fig ure A2. Miss i s q uo i  R i ce r , Eno s b urg fa lls , Ver-
mont , ,, ~ I Ap r i l  t 976. Or ig in ,u i s , i ! i ,  I in. S l i f t ;
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In accordanc e with letter from DAEN—RDC, DAEN—AS 1 dated
22 Ju ly 1977 , Subject: Facsimile Catalog Cards for
Laboratory Technical Publications , a facsimile catalog
card in Library of Congress MARC format is reproduced
below .

Catto , Lawrence W.
River channel characteristics at selected ice jam sites

in Vermont / by Lawrence W. Gatto. Hanover , N.H.: U.S.
Cold Regions Research and Engineering Laboratory; Spring-
f ield , Va.: available from National Technical Informa t ion
Serv ice, 1978.

iii , 60 p., illus., 27 cm. (CRREL Report 78—25.)
Prepared for U.S. Army Eng ineer Division , New England ,

under Intra—Army Order 76—C—22 , U.S. Army Cold Regions
Research and Engineering Laboratory.

B i b l i o g r a p h y :  p. 26.
1. Ice jams . 2. Remote sensing. 3. River characteristics.

1. I’.’iiited States. Army . Corps of Engineers. II. Series:
U.S. Army Cold Regions Research and Engineering Laboratory,
Hanover , ~ .II. CRREL Report 78—25.
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