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PREFACE
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ANALYSIS OF ICE JAMS AND THEIR METEOROLOGICAL
INDICATORS FOR THREE WINTERS ON THE
OTTAUQUECHEE RIVER, VERMONT |

Roy E. Bates and Mary-Lynn Brown

INTRODUCTION

This report examines meteorological data, ice
thickness, ice conditions (including ice jams),
and water temperatures for three winters on the
Ottauquechee River at and east of Woodstock,
Vermont (Fig. 1 and 2). Meteorological variables
discussed include air temperatures, precipita-
tion (including water-equivalent snowfall), wind,
and solar radiation.

The period of record covered includes three
winters: November-March 1975-76, 1976-77, and
1977-78 In addition to a general interpretation
of these data, emphasis is placed on the
documentation of climatic (cooling and/or
warming) trends (App. A) which lead to ice for-
mation and growth as well as to breakup. when
we jJammung and flooding are usually a major
problem. After examining these climatic condi-
nons, this report attempts to determine the me-
:oorological indic ators needed to predict ice for-
mnation, jJamming, winter flooding, and subse-

went breakup A descoriptive account of ice con-
titrens tor the three winters studied s given in
\ppendin BoAn addittonal report. tocusing on
v maor owintertime  tloods (January 1976,

Saren YT T s preparation

A second phase of the investigation includes a
study of river water temperature profiles and ice
conditions on the Ottauquechee at and down-
stream from the Woodstock Sewage Treatment
Pfant’s outflow. The purpose of this part of the
project is twofold: first to measure the manner in
which warm sewage effluent, with a wintertime
temperature between 3° and 7°C, mixes with the
0°C river water; and second, to evaluate the ex-
tent of the effect of this warm water (only a
small percentage of the total flow) on the ice
cover below the plant. The report, Analysis of
Potential lce Jam Sites. Connecticut River at
Windsor, Vermont?, shows an aerial photograph
of a similar situation caused by warm sewage
outfall into the nearby Connecticut River

The objectives of this investigation can be
summarized as follows:

1. To present the meteorological eonditions in
the Ottauquechee River basin during the winters
of 1975-76. 1976-77 and 1977-78

2. To idenufy meteorological events leading
to ice formation. ramming, winter tlooding and
ice breakup

3. To determine the mfluence ot warm cewdge
effluent on river water temperatures and e tor
mation and growth
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Figure 2. Meteorological station locations

METEOROLOGICAL DATA RETRIEVAL
AND MEASUREMENTS

CRREL established a meteorological data col
lection site on the Ottauguechee River at the
Woodstock Sewage Treatment Plant in Novem-
ber 1976 Previous to that time (e duting the
winter ot 1975 76) week v wce observations and
wdater temperature medaserements were made by

C RREL personnet Datly maximum and mamum
A temperatures were obtaimed trom the Wood

stock Sewage  Treatment Plant records and
precipitation amounts were taken trom the New
tngland Chmatological Data gmonthly  sum
mary) tor Moodstock  Vermont® Durning the
197677 winter. air temperatures  and  winds
(speed and durectiont were measuted continu
oushv at the CRREL site and prreaipitation data
were agam taker trom the Woodstock Chmato
Howeve:

lomcal Station ponthiy summare-*

tor the sinter of 1977 TH 0 prec e alion fronro
g gage wos odded ot e anstramentaton
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Table 1. Air temperature comparison (°C), Woodstock, Vermont.

Long-term

- Month average 1975.76 vgfpamm* 1976.7°  Departure 197778 Depatture
November 24 61 +37 -0 4 -28 32 108
December -57 ~51 +06 -9 4 -37 -7 0 -1
fanuary -83 -97 -14 -130 -47 -105 N
tebruary -74 -33 441 -6 3 +11 -1 5 -4
March -14 -0 4 +10 19 -3 -3 3 ST Y

winter 1975-76  data trom N B Chimatic Sutvey for Woodstock, Vermont

Winter 197677 data trom Nt Chimatic Survey tor Wood  ock, Vermont

Winter 197778 precipitation data trom meteorological site near sewage plant in
Woodstock. Vermont

Table 2. Precipitation comparison (mm), Woodstock, Vermont.

Month Normal 7576 % Normal Te6-77 % Normal ~7-78 ¢ Normai
November 96 2 1229 1278 457 47 5 821 85 3
December 843 836 992 58 2 690 1080 1281
January 714 1176 164.7 615 86 1 2017 2822
£ february 658 94 7 1439 651 98 9 3133 50 6
March 767 869 1133 1255 163 6 1051 137 0
1otal 394 4 505 1 356 0 5302

*Reported precipitation data (72 4 mm) at the CRREL site were rejected as invalid as com-
pared to amounts recorded by other nearby stations The amount used {201 7 mm) was
recorded by the Woodstock, Vermornit, Cooperative Station Site

Winter 197576 data from N B Climatic Survey for Woodstock. Vermont

Winter 1976-77 data from N t. Chimatic Survey tor Woodstock, Vermont

Winter 197778 precipitation data from meteorologic al site near sewage plant in
Waoadstock, Vermont

Table 3. Number of freezing degree days (°C).

1975.76 1976-77 197778 Normal
. Manth Accumulated Month Accumulated Month Accumulated Month Accumulated
'
November <2 -2 28 28 20 20 5 5
s December 151 153 291 119 217 237 17T 8.
3 ' January 292 445 403 722 0 A87 287 434
February 99 544 177 #4999 322 879 207 bdt
March 12 55h [ 9407 98 arr 48 64
e
; RS Y S O
L
S was installed on the Ottauquechee River. Tem- Climatic data (temperatures. precipitatinn,

- »

peratures, precipitation, and wind (speed and di-
rection) were recorded on a daily basis. In addi-
tion, water temperatures were electronically
monitored at two sites one near the Woodstock
Sewage Treatment Plant {(Fig 6) and the other
near Quechee at the Yankee Musket Shop (Fig
1) Because of recorder and thermistor cable dif-
ficulties, only one site (the Woodstock Sewage
Ireatment Plant) continuously recorded water
temperatures i January 1978

snowfall, and snow depth) for eight other local
stations —Hanover, Lebanon. and CRREL in New
Hampshire and Woodstock, N Hartland Dam,
Union Village Dam. Rochester, and Cavendish in
Vermont —were examined as 4 means ot vern.
tving meteorological conditions tor the entire
Ottauquechee River drainage basin*®™* The
tables in Appendix A summarize these data
These additional chimate records were especially
valuable during the two sgmiticant winter e
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METEOROLOGICAL EFFECTS
ON RIVER ICE COVER

Winter 1975-76

In comparison to the winters of 1976-77 and
1977-78, the winter of 197576 was warm Com-
pared to the long term average air temperatures,
nowever, the winter ot 197576 was closer to nor-
mal than the tollowing two winters Arr tempera-
tures in November 14975 and February 1976 were
significantly hugher than normal (Table 1), and
treezing degree days did not begin to accumu-
fate until early December In mid-february 1976
the number of accumulated freezing degree
davs began to ditfer noticeably from the long-

term average (Fig 5 and Table 3)

With the exception of December 1975, and to
A lesser extent March 1976, there was abnormal-
tv high precipitation (Table 2 and Fig 4) Table 2
shows that in November, January, and tebruary
precipitation amounts were, respectively, 27 8,
64 7 and 439% higher than average

e

o LN et e Derature el rerteng device ear che L\ oodstook

The most natable meteorological event o1 th
197576 winter was a thaw, accompanied by
heavy raimns trom 26 to 28 lanuary Within 4 tew
days, temperatures rose well above treezing (Fig
Ta) disrupting the wintor regume During the
subsequent e jam and tlooding period. the
maximum dair temperatures at local sites rose to
approximately 8°C (App B). well above
January’ mean maximum temperature of ap-
proximately -2°C*

Coinciding with the rapid increase in tempera-
ture was heavy rainfall which accounted for
over one-half of January’s precipitation'. The
combination of temperatures above freezing
and heavv precipitation on an already high
water-equivalent snow cover’* caused extensive
flooding and jamming of 1ce on the Ottau-
quechee River (Fig B1)

The period of 4-7 tebruary witnessed a quick
end to the January thaw as temperatures rapidly
dropped (Fig. 7a) and ice re-formed around the
jammed and rafted ice (App B).

However, the remainder of February 1976 was
extremely warm, with a mean daily air tempera-
ture of -3 3°C, 41°C above the long-term aver-
age. Because of the higher temperatures and no
heavy rainfall, the ice jam on the Ottauqued ee
River disappeared gradually with no further
damage by 1 March (App B), two weeks earlier
than during the two following winters
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Winter 1976-77

In contrast to the previous winter, 1976-77 was
typified by extremely low air temperatures (Fig
3 and 5, Tables 1 and 3) and below-normal pre-
cipitation (Fig. 4 and Table 2). Temperatures in
November 1976 were 2.8°C below the fong-term
average, with a mean monthly temperature be-
low freezing (-0 4°C, Table A2) Freezing degree
days began to accumulate on 8 December, 17
days earlier than normal (Fig 5} In addition,
precipitation in November was less than 50% of
normal. The lack of significant precipitation,
coupled with below average temperatures, led
to an early freeze-over of the Ottauquechee
River. Ice was first observed flowing in the rver
on 11 November, and by 30 November treeze
over occurred on the Taftsville Pond (App B)

In December, the mean temperature was 49¢
below normal (-9.4°C). and over 290 treesing
degree days were recorded iTable 40 even
though daily temperatures rose above average
for a week in nmud December Average daly man
imum temperatures approached a=e durmg thas
week, and a maximum temperature or 7 200 W
recorded on 12 December’ This wartmimy trend
caused shight rattng and jamoung o the e an
the Ottauquechee River whect deter teare b
place) (g B2 especnally bhetund st sl
and Quechee Dams However e aise o0 by
Tow amount of ramtall these smadi arees coase
onfy mimnimal ttoodimyg

The remainder of the month waes . oia and diy
and this trend persisted mto Langany Tanuan
was the coldest month ot the winter wath ot
ot 303 freezing degree davs s the normal ot
257 (Fable ) The mean daiy tomperature was
S13°C (Table 1) the Jatgest departure trom nos
mal ot the winter (-3 790 peiow e ong tern
average) Fhe daily mavimum temperature rose
dabove treezing on only three o oaon. 00 o
and 25 Januan* in addition e apetation e
Januany remamed 13% below nonead Table 2
These meteorological condimons - ooaed o raped
mcrease mice thickness on the tover aanmyg fom
ary (App B

The severe cold dry start o the wimter ot
1976-77 moderated i February Procigntaton
was near normal (Table 20 and o temperatare
was 1 1°C above normal (Table 1 Because ot
the winter s low temperatures and tne December
1976 1ce jam. conaderable amount. o rattec
tce, trozen tranl anchor yoe ana comngelatior
(river water) ice were reparted e the over troe
the Quechee dam  upstiean 1 west o
W ooodstock




i ess than normal preapritation trom Novem-
ber to Febraany was tollowed by 125 mm of pre-
apttation i March, 163 6% ot the normal 77
mm (Table 27 Of this precipitation, 52.8 mm
2% ot the month's total) tell from 13 to 16
March' Severai davs prior to the ramn, tempera-
tures sodared 3-7°C above the monthly mean of
1.9°C (Fig “bi which was itseif 3.3°C above the
long-term average tor March {Table 1) As in Jan-
uary 1976, the high temperatures, coupled with
abnormally high precipitation, caused extensive
we jams and subsequent tlooding (Fig. B3, B4,
and BS5) Snow disappeared virtually overnight,
not only at Woodstock, but at sites throughout
the local area Yor example, at Hanover, New
Hampshire 13 cm of snow melted overnight in
the period rrom 9-10 March®

It can thus be hypothesized that heavy rain,
preceded or accompamed by a sudden increase
n air temperature and combined with an exist-

beauses

‘ng high water-eguivaient snow cover,’
not only cammine and rafting ot the e cover,
Hut also Hoodme thigh temperatures alone can
cause sammung and rarting te g in December
1976), but the severity of the problem is increased
when high temperature s combined with ex-
cesstve raan ez 26228 January 19760 1316
March 1977

Winter 1977-7

The winter o1 197778 could best be described
as g winter of osallation, in terms of both tem-
perature and precipitation breesing air tempera-
tures commenced shghtly Tater chan in 1976-77,
nowever, spring breakup was late m arriving. The
197778 winter ‘November- March) was colder
han noarmai, with the iow temperatures (Fig 3
and 3) accompanied by above normal precipita-
non thig 41 especally i tanaary femperatures
were not as iow as those experienced through
[anudary ot the previous winter However, in con-
frast to the relatively early arnval of spring in
February (977 temperatures remained signifi-
cantly betow normal in february and March 1978
the late arnval ot higher temperatures is evi-
denced by the 25 March e breakup date vs 1
March in 1976 and 16 March in 1977

In addition to the daily air temperature and
wind data previousiy monitored at the CRREL
site, preapitanon and water temperature were
continuonsiv recorded  during the winter ot
1977 78 Water temperatures were electronically
momitored At *wo sites on the Ottauqued hee
River "Woodstock Sewage Plant and Yankee
Musket Shop Py U0 However, water tempera-

ture measurements at the Yankee Musket Shop
were unsuccessful because of recorder problems
and destruction of the sensor by ice movement.

November 1977 was near normal, with no ex-
treme climatological variations. Temperatures
were slightly above normal (+0.8°C, Table 1)
and precipitation slightly below normal (85.3%,
Table 2). Ice was first observed flowing in the Ot-
tauquechee River on 27 November (vs 11 No-
vember the previous winter), but it was not until
the major cold spell of 8-12 December (Fig. 7¢)
that the Taftsville Pond completely froze. As il-
lustrated in the observational records (App. B),
ice rapidly formed at many Ottauquechee River
locations during this period. Significant snowfall
also occurred during December and January.

Although recorders broke down in December,
water temperature data were obtained for ap-
proximately one-half of the month. The mean
maximum temperature of the water for that time
period (20 days of data) was -0.01°C. The mean
minimum water temperature {only 13 days of
data) was -0.28°C, giving a monthly mean water
temperature of -0.14°C. This negative tempera-
ture can be attributed to three possible factors.
First, the recording device experienced mechani-
cal difficulties and electrical interference during
the early winter period. Second, slush ice forma-
tion around the sensors could have caused incor-
rect water temperature readings. Third, frazil ice
was observed and the existence of supercooled
water (<0°C), in conjunction with the turbulent
flow of a river, is associated with this frazil ice
formation?. Figure 8 gives a plot of the average
daily water temperature obtained during the
period fanuary-March 1978

Although December 1977 could be considered
a wet month, with precipitation 128% of normal
(Table 2). january 1978 definitely experienced
abnormally high precipitation. For example, the
Woodstock, Vermont, Cooperative Weather Sta-
tion (data incomplete at the CRREL meteorologi-
cal site) recorded 282% of January's average
precipitation This figure is compared to that of
three other local stations in Table 4.

Two minor thaws occurred in January 1978 (4-
9 January, 24-26 january), causing slight jam-
ming and rafting of the ice (App. B) The second
thaw was the more serious one According to the
observational report “thaw and heavy rain
caused flooding and a new ice jam at Wood-
stock’ (Fig B6).

On 9 fanuary 1978, the water temperature re-
cording system at Woodstock was put back in
operation. Water temperatures oscidlated slight-
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the Woodstock Sewage Ireatment Plant: win-
ter 19777

Iv during the month, hovering barely above 0°C,
and rising shghtly with high air temperatures
prnior to the rains ot 24-26 lanuary (hig 6).

The Ottauquechee River retroze in early Feb-
ruary In terms of climate february varied more
trom normal than January Not only was the
mean daily temperature 4 1°C below normal
(Table 1) with over 100 more treesimg degree
days (lable 3} but precipitation was even more
signihicant when at s noted that most of #t
(88 8%) tell i a two-day penod (89 Lebruary)
during a severe snow storm, while the remainder
ot the month was dry ¢ The combination ot low
temperatures and lack ot preapitation allowed
the e cover to guickly re-torm (App. B)

Water temperature continued to fluctuate
shghtly, nising to a mavimum daily mean ot
0 06°C on 7 tebruary, and then decreasing to
0°C on 14 tebruary The end ot the month saw
the begimnming of shghtly higher water tempera
tures, the start ot the seasonal warming trend

March 1978 continued to be cooler than aver
age (air temperatures -1 9°C bhelow the long
term average) Treezing degree davs accumu-
lated into early March, surpassing the total num
ber ot treezing days of the previous winter (fig
51 The treezing degree day curve reached its
peak during the month and started to dedline as
a noticeable warming trend began (big 3} As in
the previous year, precipitatian was above aver
age (137%), although not to the same extreme
(Table 2} No sigaificant additional jamming and
tlooding ot the nver were observed as the ice
gradudlly melted, despite the precypitabion This
can be attrbuted to two tactors birst, the slow
warmmg trend (e air temperatures shightly
above treezing duning the day with treezing tem

Table 4. Local precipitation:
January 1978.

Yo of notmua!

Mation precpitation
Hanover 2815
Woodstock JR2 D
Rochester 2ot 1
Cavendish JTLA
Average ol

=

Water Temperqgtyure(°C)

Days (Morch 1978)

Figure 9. Average daily water temperature
near the \Woodstock Sewage Treatment
Plant: 24-29 March 1978

the 1ce The assoaated gradual warnung ot the
water, evident late i the winter (hig 8) and
detatled tor the last week ot Marchan figure 9
arded this process Second, because ot jaronming
and melting of the wce cover earher in the winter,
the 1ce thickness was less than expected How
over, a completely open niver channel was not
reported until 25 March 1978 (later than the pre
vious two winterst tollowmg two davs of heavy
ram*

ANALYSIS OF ICE FORMATION AND DECAY

Mechanism of ice formation

As air temperatures drop below 0°C, a water
body responds to the heat loss by tormung ce
The water must be cooled below the equilibrium
pomt ot 0°C betore we appears A shght degree
ot supercooling was apparent i the Ottauque-
chee River, as evidenced by measurements of
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water temperatures during the 1977-78 winter.
Ashton contends that “in rivers supercooling
is seldom more than a few hundredths of a de-
gree below 0°C when ice first appears.”'* Al-
though the temperature sensors installed during
the 1977-78 winter were accurate to 0.05°C, elec-
tronic noise difficulties with the strip chart re-
corder and frazil ice collection around the ther-
mistor at Woodstock prevented accurate contin-
uous measurement of the water tempo2rature
during the critical ice formation period. A mean
water temperature of -0.14°C was recorded for
approximately one-half of December, indicating
either supercooled water or anice-coated sensor.

After the temperature sensors and recorders
became fully functional on 9 January 1978, con-
tinuous monitoring of water temperature was
possible. The water temperature beneath the ice
cover remained extremely close to 0°C (0.0°-
0.1°C) from 9 January until nearly all ice melted
in late March 1978 (Fig. 8).

Air temperature is not the only meteorologi-
cal element controlling ice formation Other me-
teoroiogical variables that influence ice cover
formation on both stationary and moving bodies
of water include snow cover, precipitation, radi-
ation and wind. On a moving body of water,
such as the Ottauquechee River, the physical
features of the channel also play an important
role. The size and velocity of the river influence
the amount of mixing that occurs. Furthermore,
influx from tributaries, the quality of which is
heavily dependent on precipitation, sediments,
and water impurities from sources such as the at-
mosphere, power plants, highway salt and sew-
age treatment plants, influences ice formation
and decay rates.

Finally, because of the dynamic nature of the
Ottauquechee River, uninterrupted natural ice
growth is rarely recorded over periods longer
than 60 days. For example, during the three win-
ters under consideration, high temperatures, ac-
companied by heavy rains on several occasions,
caused melting, 1ce floes and jamming of the ice
cover

Ice growth and decay on the Ottauquechee
River, 1975-76, 1976-77, 1977-78

During the 1975-76 winter, data were not avail-
able regarding the date of initial freeze-over
above the Woodstock Sewage Treatmeni Plant
However, the date of the appearance of trazil
e was recorded (17 December) In contrast,
during the following two winters flowing trazil
and stush 1ce were reported on the Ottauque-

q

chee River on 11 and 27 November respectively.
Solid ice was reported by 15 December 1975, 30
Nover-ber 1976, and 10 December 1977

The physical characteristics ot the river re-
mained nearly the same during the three winters,
as did the amount of effluent flowing mio the
river. Thus, assuming that meteorological vari-
ables such as radiation and wind are negligible
in comparison to the effects of temperature and
precipitation, ice formed relatively late in
1975-76 because of higher air temperatures and,
to a lesser degree, precipitation. In contrast to
the following two winters, temperatures in No-
vember and December1975 were above the long-
term average. In addition, precipitation during
this same time period was at or above normal
(Table 2). This rainfall led to increased flow in
the river, preventing earlier ice formation.

However, November and December 1976 ex-
perienced temperatures significantly below nor-
mal, accompanied by below average precipita-
tion. As a result, ice formation and growth were
accelerated.

The precipitation and air temperature during
the beginning of the 1977-78 winter season were
near the average of those of the two previous
winters (see Tables 1 and 2) and this period was
thus more typical of the expected conditions.
This is also reflected in the date of ice forma-
tion, which was the approximate average of the
two previous winters.

The relationship of precipitation and air tem-
perature with river ice formation and breakup
continued throughout the remainder of the three
winters. For example, in comparison to the fol-
lowing two winters, the maximum amount of ice
recorded at any of the sites along the Ottau-
quechee River (Fig. 1) was significantly less in the
1975-76 winter. The maximum amount of ice
measured in 1975-76 was 58 cm at the Taftsville
Pond on 12 February. In contrast, 91 c¢m of
frozen frazil ice (nearshore ice) or 76 ¢m of mid-
channel ice was measured near the Quechee Vil-
lage Green on 2 February 1977. Even during the
1977-78 winter, which experienced two thaws in
January, 74 cm of ice remained on 7 March 1978,
6 m from shore above the Woodstock Sewage
Treatment Plant (App. B).

The winter of 1975-76 also experienced an ear-
ly ice-out date lce had virtually disappeared by
the end of February 1976, whereas normal river
ice was still 41 ¢m thick on 16 March 1977 Dur-
ing the winter of 1977-78, the ice was 43 cm thick
in the middie of the river near the Yankee Mus-
ket Shop on 20 March Even after considerable

ean g ~




precipitation dunng 20 25 March 1978 someace
I~ 3 cmlstull remaimed at several sites tApp B)

Higher than normal fate february and early
March air temperatures, accompanied by above
average precipitation. accelerated the e out
date in the wainter ot 1975 76 Another important
tactor in the early 1ce-out was the severe e jam
and the subsequent tlood that occurred on 2t 28
January 1976

In the tollowing two winters. small 1ce jams
unaccompanied by rain tormed during 1112 De
cember 1976 and 4.9 January 1978 Another jam
tormed late in January 1978 (24-26 January) as a
result of a heavy rain storm. however oo n the
other two small 1ce jams, not all a -as were at
tec ted because air temperatures rose only shght
ly above treezing As opposed to the lanuary
1976 1ce jam, velow-normal air temperatures im
mediately tollowed these ice jams, tacilitating
complete freeze-over (Table 1) o condinon
which was not present atter the 1976 1ce jam

Prior to the ice jam tlooding or January 1976
more e was observed in the Ottauquechee
River than at sstmilar times duning the tollowing
two winters Agan, this reduced ce depth <an
be attributed to the early 1ce jams in December
1976 and early fanuary 1978

The seventy of the ratting and jampmung e in
January 1976 and the resulting high water
cleared out the majonity of the e, as it also did
in March 1977 Although the e re-tormed n
February 1976, significant ice growth was not re
ported The relative lack of ice growth can be at
tributed to the absence ot the nec asvary meteo
rological conditions (1 e low temperatures ot
long duration and httle precipitation)

What causes the e to jam and what deter
mines the severity ot the we jam/ Channel
morphology 15 a sigmticant determinant As de
fined by Calkins et al “areas
generally form are 1) constrictions, 2) exposed
rock outcrops and man-made structures (bridge
piers), 3) long. low velocity, deep water pools,
and 4) shallow sections across portions ot the
channel where grounding of ice floes could be
imitiated ¢ Areas along the Ottauquechee River
which are susceptible to grounding and jamming
of 1ce are outlined as follows (from App 2)

1 Brndges

tim St bridge in Woodstock

Quechee Lakes bridge (golf course)
2 Dams

Tattsville and Quechee

3 Near Woodstock Sewage ireatment Plant

tdouble oxbow)

where 1ce jams

10

4 Lakes Ponds
Quedchee Lakes Tattsaille Pond

Lhe question remains as to what meteorolog,
cal conditions cause rce jams at these locations
While sudden high air temperatures can cause
ratting and jamming ot e a sharp rise 0 air
temperatures accompanied by heavy raintall
iwhich (ncreases the intlux o1 water trom trnibu
taries) on g high water-equinvalent snow coveran
creases the hkelihood ot severe e jamming and
high water The available data indicate that 3om
rapprosamately 1an ot wintertime ramtall in the
Ottauquechee River dramage basinon a 24 hr pe
nod on a4 high waterequinalent snow  cover
Causes signiticant tlooding and e jamanng
some grounding. ratting. and jamming ot the e
cover typically occurs cach spring, das the rapd
artival ot warm weather does not normatly allow
the e cover time to melt in place For example
the spring ot 1978 expenenced a gradual nse
temperatures toilowed by normal ramtall Thus
tlooding and jamming did not cause senous
problems a4 detimite contrast to March oy 1977
when heavy raimn and a rapid increase i the air
temperature occurred simultaneoushy

However as demonstrated 1 January 1476
and to a lessor extent in December 1976 and Jan
uary 1978 (App B)Y e jamming s possible at
any time durning the winter. given the appropn
ate meteorological and phvacal conditions

INFLUENCE OF WARM SEWAGE EFFLUENT
ON RIVER WATER TEMPERATURES
AND ICE CONDITIONS

Anather obrective of thes report s the examin
dtion of the extent and ettect ar thermal ettlaent
outtlow trom the W oodstock Sewage Treatment
Plant on the Ottauguechee Rivers e cover
The amount ot this tlow s msigniticant when
compared to total nver flow  Approumately
400000 gal s discharged daily into the river,
foss than 2% of the rver's total tlow " However,
as llustrated in the photographs (g 87 and B8),
the signiticance ot this warm water input cannot
be underestimated The ettluent combines vertr-
caily with the river water and proceeds down-
stream  {he warmer effluent then expands later-
ally by turbulent miving, av esplained by
Ashton' and tngmann’’ in the open surtace
area the lateral mimang s simifar to that duning
nonce periods, but beneath the e cover the
nuxing rate s approximately one-halt that in
open water condittions 7' Thus, the lateral mix

-




Table 5. Water temperatures* as influenced by the influx of warm
(approx. 6°C) sewage effluent: 1975-76 winter.

Woaater temygp L 9C MWoater temyp
nedr outtiow

(Late e
17 Pec 1975 44
2 lan 1976 [TIa
14 lan 1970 [
MoJan 1970 NE
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s

auh

h

o

i3

‘m helow

Kemurk s

Open hannet of water
1 om owade along shore

eatendds W down rner

A tew days atter e gam
srall open water areg ) cm
wide 3 tong thawed by

Wwartie water anpat

STttt st b avater ahon e s e prant was aear 801 g Thas e o

g and ather secandary e'tects cause the har
Actenistn apen water area to be mach natrower
than ot s long by oo tactor as great as soeve al
handred This s supportted by measurements
murde dacong the three wainters under considern
ton Adthough CRRED did oot continaously mon
tar the extent o open water caased by the
sewaee onttho occasional reterences appearnin
the e thickness abservational records cApp B
Forevample on 2 lanaany 19760 an ohserver e
ported that an apen water channel boowide e
tended 200 dosnstreaas adane the shore Dl able
i

v o toocnaaa observato o dorh antig
coce ot et ey e et et s thie e s onet
CREY L alse e e aw ate tean et e thaenne
thiee ooarge o'l vatians tanes doiingg the

e nte © et gt the o ttail gnpe o g

P ateay b e Tonn e e A\ e e e 1

NN N L e ooy toatoredd g thee
| R RO R S B RS IR PN R Ve e tte
bre v v N B e bty e e e
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Wbt thee et tlgent o b e
vty St e tet bvenne pth b o
W b e e ctedd o b quite iene e s
Ploavs o e plable data dempansto gy b e
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! o e o s te cnhibirige ot even
T TR v ot e ey 1 e nd
Yy ' P e 0t e e s e e
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s

Phermal ettiuents released into the Ottauque
chee River by the Waoodstack Sewage Treatment
Plant disturth the winter regim e ot the mver
downstream ot the outtlom by shightly raising
the temperatute ot the surrounding water and
dedaving o preventing the tormation ot a uni

Partn e e cover

CONCLUSION

Severnal condlusions can be drawn trom studs -
g the wainter regime of the Ottaugue: hee River
Pl st ot 1975 7w the deast severe of the
thiee winters n tenms aof e gttatien tempera

e ad e et th TR wanters ot 19T 7T and

PR ot connparable seveney aaath the 1976
TUaanter by, the carhies oo acer and being
cod test throagks the montt e oy e How
G T ot thraptin crded o Ngrch yaT”
Wt R o o ooy, The 17T TR
WD oner anatig Thie Jre ate st ngiaber ot

tree o depren v b and the Jatest e
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N

Thew tota e o base tor modeling ot
winttertane tver s Phe condeeons comtealimg e
totnatior: parmng 1ivd melting - an e e
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dicate that 3 ¢m of rainfall in 24 hr on a high
wdter-equivalent snow Cover causes 1e jams
and subsequent tlooding
Second, the daily continuous momitoring of
water temperatures duning the 1977.78 winte.
provided a usetul addition to the study ot the
river From this report and from the work of
other investigators, it appears that supercooling
of the river occurred immediately priorto freeze
over However, this hypothess tould not be
completely validated because of mechanical in-
strumentation problems  Additional measure
ments are necessary 1or more accurate evalua
tron
Continuous measurements demonstrated that
the wdater temperatyre below the e cover aver
aged appeoximately O03°C AW th the armival ot
Seher ar cemperatures and increased solar rads
O o eary Naren the cce covet e teniarate
SN A AT e s e e angd Chie s atea Tety
R N e S B I O A NI Y A N T A R R AV A
e i ot e sty Manc b thaee s ater tens
vt rures cradaatly rose and greater dody tem
wratgre acciiations wete evident g B oand o
Dinany che otluenoe o sewage ctthent oo
che Crtaugueches River woe o was adso obiseraed
durning the three swonters Althoogh o s only 2%,
torhee ot o s warmy water oattlon ot
Tedcedd e therman tewiie ard e convet an te
Mirtetnate e MWater temperatares atoand
Beiow the ogttall pipe were trequenthy muany
tored and measurements ot the size and shape
ot the apen water channel beoow the outtall pipe
were completed  Eatensive work as needed e
rarding the etfect of warm water mput sources

on ice cover nedr large municipal power plants
and at industrial and municipal wastewater out-
falls where thermal regimes are disturbed
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APPENDIX A: CLIMATOLOGICAL OBSERVATIONS
Table al: Climate 1975-76 Winter
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APPENDIX B: ICE CONDITIONS, FIELD REMARKS AND PERTINENT PHOTOGRAPHY

DATE ICE THICKNESS (cm) ICE CONDITIONS AND REMARKS

1975-76 WINTER

17 Dec @ ~—=—mme——mee Frazil ice flowing. Water temperature at
Quechee Clubhouse 0-0.1°C. Possibly some
super~cooled water near shore, Water
temperature near Woodstock Sewage Treatment
Plant outfall, 3-4°C., River temperature 5-7
m below outfall, 0.5°C. Temperature of
effluent at plant, 6°C.

2 Jan @ mmmemm——e——— Ottauquechee River at Golf Course almost
completely frozen over, covered with 3-5 cm
snow. Small open area near bend at club-
house, water temperature 0.05°C. Frazil ice
in water. Clear day, air temperature -18 to

- “12°Cv

At Woodstock Sewage Treatment Plant the ice
and snow conditions the same as at club-
house, Open river channel at outfall pipe
and downstream 30 m. Open channel 1 m
wide. Water temperature probe placed at
v outfall pipe. Water upwelling, temperature
’ =7.5°C, 2 m downstream temperature 2,5°C, 9
m downstream temperature 0.05°C.

14 Jan = ~——-mm—eem Quechee Lakes: Air temperature =-18°C.
Sunny. River covered with wet snow. Water
temperature 0°C.

; 54 At Woodstock Sewage Treatment Plant open
water extends 450 m downstream. Ice thick-
ness measured 6 m upstream from outfall
pipe; water temperature 0°C. At pipe water
temperature 1.5°C. Downstream =6 m tempera-
) ture 0.6°C (temperature readings taken near
‘ outfall pipe depend on where probe was
placed with respect to pipe. Readings on
successive days vary due to difficulty of
. finding the same location when heavy fresh
- snow covers reference pcints).

At treatment plant and Quechee Lakes, frazil
ice flowing in open water.

- 21 Jan = smmm—emeee Quechee Lakes: Little change in overall

‘ conditions. Water temperature 0°C. Ice
unsafe.

e

p |

; Lk BLARK=NOL Fllakb 17

§ - FrisChuing i




DATE ICE THICKNESS (cm) ICE CONDITIONS AND REMARKS

6164 Woodstock Sewage Treatment Plant: Two holes
drilled 6 m apart. Ice measures 61 to 64
¢m. Water temperature 0.05°C.

At outfall pipe opening in ice =61 cm
downstream, water temperature 2.45°C. 8 m
below pipe water temperature 0°C. (For last
three weeks ice surface consists of small
soft snow hillocks | to 4 cm deep below
which is ice and soft slush.)

26-28 Jan —-=m--——~- High air temperature coupled with heavy
precipitation caused heavy flooding and
severe ice jamming along the Ottauquechee
River. High water caused by over 6 cm of
rain in a three-day period. Air temperature
rose as high as 8°C (Fig. Bl).

Figure Bl. 1Ice jam at Quechee Golf Course bridge,
26~28 January 1976.

12 Feb 13-18 At Quechee Lakes new ice formed between and
around old ice jam conglomerate that
settled. Water flowing between ice layers
and underneath ice jam. Water channel flow
restricted.

43-51 Quechee Lakes Mill Pond ice covered.
Woodstock Sewage Treatment Plant: Ice jam

entirely around sewage outfall area that
extends 1 mile upstream and 1 mile

18




ICE THICKNESS (cm)

DATE
27 Feb
1
1 Mar
2 Mar
L
) 11 Nov
1. Nov
] 29 Nov
Il

45-58 (variable)

20-46

1976-77 WINTER

W————m,

ICE CONDITIONS AND REMARKS

downstream to Taftsville Pond. Small area
in the jam near outfall pipe is thawed.
Area is 60 cm wide, 3.5-4.5 m long. Water
temperature around pipe 1-2°C both slightly
upstream and downstream. Water temperature
2.5 m downstream 0-0.3°C.

Taftsville Pond: Dirt layer observed in ice
indicative of the flood. River ice
temperature isothermal at 0°C, measured at
10, 30 and 50 cm below ice surface. Ice
closer to dam of variable thickness.

Ice jam has rotted out downstream from Elm
St. Bridge in Woodstock to 250-350 m above
Woodstock Sewage Treatment Plant. Water
flowing through new river channel cut across
Billings Farm field immediately below sewage
treatment plant.

At Taftville Pond the water has started
flowing along shore.

Water temperature near Woodstock Sewage
Treatment Plant outfall 2-3°C.

Water flowing over and through porticns of
jam. Water partially open upstream from
jam. Water rising in Ottauquechee and White
rivers as air temperatures on 25-26 February
10-18°C.

Ice at Woodstock Sewage Treatment Plant
melted as far as 180-270 m below plant by 28
Feb. Jam completely melted out of
Ottauquechee River down to Tattsville Pond
by 29 Feb. Ice remains on Taftsville Pond.

Ice balls flowing in river. Frazil ice.

lce or slush balls (8-13 cm in size) caused
by heavy snowtall at -7°C air temperature on
open water. Frazil ice flowing beneath
flowing ice balls.

Slush ice flowing in river at Tattsville.
First ice cover foraming at Tatftsville. At
Woodstock Sewage Treatment Plant water tem-—

perature {°C.

lee along shore ot Taftsvilie Pond.
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DATE ICE THICKNESS (cm) ICE CONDITIONS AND REMARKS
X 30 Nov = —=m—m—— Freeze-over of Taftsville Pond.

1 Dec —mm—m————- Solid ice cover on Taftsville Pond.
: 11-12 Dec ——==-———-- Ice jam on Taftsville Pond caused by warmer
: weather and rain,

16 Dec —~m—mem—mm—me Ice jam area rafted along eastern shore of .
3 Ottauquechee River, 120-150 cm high (Fig. :
: B2).

Figure B2. Jamming and rafting of ice behind the
Taftsville Dam, 16 December 1976.

19 Jan

2 Feb

33

76

91

Woodstock Sewage Treatment Plant: Air

temperature —-27°C,
at outfall pipe 0.8°C.

Bottom water temperature

Water temperature at

surface 0.7°C.
fall pipe 0°C.

Temperature upstream of out-
Temperature 3 m downstream

trom outfall (mixing taking place)

001_0030(;-
site.

Open hole (l-1.5-m diameter) at

90-140 m downstream of outfall: Open water
area in fast waters 180-220 m downstream

from plant,

Mid-channel,

Quechee Green.

Near shore Quechee Green (mid-channel): 3o
cm snow cover, 96 cm water depth under ice.
Water temperature (.1-0.3°C. Ice

temperature

20

-2.5°C.
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DATE 1CE THICKNESS (cm) ICE CONDITIONS AND REMARKS

; 41 Quechee Clubhouse: 5 cm snow, 66 cm water
depth beneath ice. 1Ice in area grounded and
rafted. Ice temperature -1.5°C. Water
temperature 0-0.2°C,

48.3 Ice measured above partial jam at
Taftsville. 122 cm water under ice, 20 cm
snow cover. Water temperature 0.1-0.3°C.
Ice temperature -0.5°C. In general,
considerable amounts of ice rafting, frozen
frazil, and anchor ice as well as new ice
formation in river.
12 Mar -
15 Mar  -=-———————- Ice jams in river above Taftsville Pond and

above Quechee Mill Pond Dam in addition to
other are-.s. High water on river 12, 13, 14
March from snow melt induced by over 4 cm
rain and warm weather. Ice jam formed
upstream immediately above Taftsville Pond.
Jam caused by remains old ice jam which

; formed in late Dec. 1976. 0ld ice jam, new

g ice formation and frazil flow caused ice jam

‘{ in river. Many areas frozen to bottom. Ice
flowed over river road. Huge ice jam also
formed above Quechee Mill Pond Dam.

Quechee Lakes: Quechee Golf Course Bridge
» taken out when ice moved in night of 13
K March (Fig. B3). River so jammed with ice

v

r—

Figure B3. Quechee Golf Course Bridge destroyed by

moving ice jam, 15 March 1977.

21




Figure B4. Ice rafted on Quechee Golf Course, 15 March
1977.

fovr 5o, oo hlocks, 91=-151 ¢m on shore of Uttauque-

e fver, 15 March 1977,
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DATE

1CE THICKNESS (cm)

16 Mar

27 Nov

28 Nov

29 Nov

ICE CONDITLIONS AND REMARKS

struck the solid ice behind the dam, it
shoved the sheet of ice forward, destroying
a log boom across the river.

Jam Jjust above Quechee Lakes office and
above Taftsville Dam. Blocks from old jam
piled and refroze in river. Some blocks up
to l«5 m thick.

Normal river ice (41-46 cm thick) rafted on

shore. Ice sample 36-cm long taken on
shore.

1977-78 WINTER

First ice flowing in river. lce was
generated by snowfall and contains slush ice
with small amounts of frazil. Water
temperature 0°C near shore and ~0.5°C at
mid-channel. Overnight air temperture
-12°C,

Taftsville Pond: Ice along shore. Slush
and frazil ice in river.

Temperature sensor installed 46 cm beneath
water surface at Woodstock Sewage Treatment
Plant.

Less ice at Taftsville than previous day.
Higher air temperatures overnight. Water
temperature (-1°C,

Water temperature 3°C at Woodstock Sewage
Treatment Plant outfall.

Water temperature 0.15°C.
Water temperature 0.05-0.1°C.

[ce dam near Quechee sewer outfall pipe.,
Solid ice above Quechee Mill Pond Dam. Ice
and trazil flow above dam. Frazil and
anchor ice at Taftsville and downstream
through polf course in areas of rapidly
moving v - . Solid ice along shore of
river anu upstream from Taftsville Pond. H
Tattsville Pond mostly frozen over.

Frazil and anchor ice at Woodstock Sewage
Treatment Plant.  Solid ice along shore (1.5
m out trom shore).

R




DATE I1CE THICKNESS (cm) ICE CONDITIONS AND REMARKS

River frozen solid upstream of Quechee Mill
Pond Dam to old water level recorder site
(where road splits to W, Hartford).

Recorder fixed at Woodstock Sewage Treatment
Plant. Water temperature -0.2 to 0.3°C.
Ice formed around thermistor, necessitating
removal and placement elsewhere in area.

11 Dec  ————-=-mme Freeze-over at Woodstock Sewage Treatment
Plant.

Frazil and anchor ice in open river areas.

12 Dec —==mmm———- Ice formation due to a major cold spell in
local area 8-12 December.

29 Dec 5-25 Woodstock Sewage Treatment Plant: Ice
unstable and variable. Water temperature on
recorder -0.1°C. Air temperature -3°C.
Water temperature 0~0.5°C at sensor.

22 Yankee Musket Shop: Water temperature
0.05°C, Air temperature 2°C. Ice
temperature 0°C,

4-9 Jan ~ —=-m——--—- Minor thaw, slight jamming and rafting of
ice cover.
2
13 Jan = —emmmme—ee Ice re-forming along river, especially at
dam sites.
]
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. Figure B6. Ice jam at Woodstock, east of Sewage Treat-
M ment Plant, 26 January 1978.
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DATE ICE THICKNESS (cm) ICE CONDITIONS AND REMARKS

25-26 Jan —==-==--——- Thaw and heavy rain caused flooding and a
new ice jam in Woodstock (Fig. B6). Solid
ice remained in Quechee Lakes Mill Pond and
Taftsville Pond. 1Ice jam extends from just
below Woodstock Sewage Treatment Plant
upstream to Woodstock Union High School.

9 Feb 25-38 New ice formation. Ice rafted and jammed at
Woodstock and Quechee.

7 Mar 56 Water temperature at bridge near Yankee
Musket Shop 0°C or slightly below. Water
samples appear silty. Snow depth on ice 30
cme Ice same thickness 3 m from shore and
in center of river at shop. 51 cm water
beneath ice in center of river; 66 cm water
near sensor.,

71 Woodstock Sewage Treatment Plant: 3 m
beyond temperature sensor, water samples
- nearly clear, 33 cm water beneath ice.
Water temperature 0°C. (See Fig. B7 and B8.)

74 6 m from shore: 3 m water beneath ice,
water temperature (°C.

9 Mar = -=-mm————- Some open water at Yankee Musket Shop and
v upstream., Water temperature 0.05-0,1°C
! beneath ice cover.

WS IRt || Y

Y Figure B7., Eftect ot sewage effiuent at Woodstock Sew-
M age Treatment Plant (looking upstream).
L}
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10 Mar ==—mmemoeo
\
17 Mar 48-50
T, 46
+
. - 24 Mar 44
¢ 43

Figure B8. Effect of sewage effluent at Woodstock Sewage
Treatment Plant (looking downstream).

450 m below Taftsville Dam: Water
temperature 0,2-0.35°C. River starting to
open, Open channel in many areas from
Taftsville Dam to Quechee ickes Golt Course
Bridge.

Yankee Musket Shop: Water profile beneath
ice; 0-8 cm down, 0°C; below 9 cm, 0.1°C.

Ice measured at Yankee Musket Shop. Water
temperature U-0.U05°C,

lce measured at Woodstock Sewage Treatment
Plant, Water temperature 0-0.053°C. Open
water channels observed along shore between
Taftsville Dam and Yankee Musket Shop.

Near shore at Yankee Musket shop.
Center of river at Yankee Musket Shop.

Considerable rain (29 cm in 18 hrs) at
Ottauquechee sites.

River open at Quechee Clubhouse,.
Temperatures in open water 0.1-0.4°C frow
Quechee Clubhouse up to Taftsvilie Dam,
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