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1.0 INTRODUCTION

T he stud y of ice on the Sus itna Rive r has been ongoing si nce the winte r

of 1980-1981 . T he documentation has been restricted to ob lique ae r ia l

ph otog ra p hy and inte rmit t e nt observat ion s by f ield crews. In iti a lly , th e

int e nt was to target locati ons of s pec ifi c ice proc esses such ~s fraz il ice

generation , shore ice constrict ions , ice bridges , and ice jams . Muc h

qual itative info rmation was gathered and d ocumented in the Ice Observa

t ions Reports ( R&M 1981b , 1982d) . Renewed empha s is by en v ironmen tal

concerns on potential mod if ication s to th e ri ver ice reg im" by hyd roelect r ic

power development resulted in a more ref ined ice p rogram for 1982-1 983

d irected towards specific problems which may be un ique to the Susitna

River. Stag ing , ice co ver development in sl oughs, ice jams and their

relationsh ip to sloughs , and sed iment transport are amo ng the top ics

d iscussed in this re port. It is beyond the scope of the current study to

mathematically analyze the specific mechanics of river ice processes , in 

stead , the objecti ve is to describe the ph en ome na based on field ob se r va 

ti ons and measu rements .

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1.1 Background

Beg inn ing in t he win ter of 1980 - 1981, R&M Consultants was in vo lv ed

in s u rvey ing ove r 100 r ive r c ross sections between Talkeetna and the

proposed damsite at Wat a na ( R&M 1981a, 1982c ) . Ice t h ic kness d ata

were coll ect ed in conju nc t ion with t he se s u r veys a nd used to compile

a p rofi le of t he S us itna Rive r ice cove r downstream of Watan a .

Add itiona l hi s torical info rmati on on ice th ic knesses is ava ilable f rom

the U. S. Geolog ica l Survey (U SGS) . Th is agency maintains severa l

ct reamg aging s ites o n the Sus itna Rive r and mos t are v isi t ed d u r ing

the winte r to obtain under- ice d ischarges. Up pe r Sus itna data re

cords beg in in 1950 for Gold Creek and 1962 for t he Cantwell s ite.

Bilello of the U. S . Army Cold Regions Research an d Eng ineering

laboratory (CRREl) conducted a comprehens ive study ent it led , "A

-1-
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Winter Env ironmental Data Survey of the Dra inage Basin of the Upper

Sus itna River , Alaska " ( 1980 ) . This report summarizes monthly ice

th ic kness measu rements from 1961 to 1967 at Talkeetna and from 1967

to 1970 near Trapper's Creek .

Information concern ing other aspects of the ice reg ime on the Sus itna

is scarce . The best potential source for a va r ie t y of qualitative

hi storical informat ion concerning ice jams and flood s are area re

s id ents , especially those employed by the Alas ka Ra ilroad . Many

interviews we re conducted and the resu lting info rmat io n was docu

mented in the 1981 ice report ( Rr.M 1981b). Th is f irst ice report

consisted mostl y of narrative chron ological descriptions based on

aeria l ob se r vatio ns at va r ious s ites . The report also conta ins most of

the historical informati on ava ilable from the U. S . Geolog ica l Survey ,

the Nationa l Weather Se r v ice - River Forecast Cente r , and the U. S .

Army, Corp of Engineers .

The ice study of 1981-1982 followed the s ame genera l g u ide lines .

Ae ri a l reconnaissance was co nd ucted wee kly through January and the

freeze-up sequence was des cribed in the final repo r t (Rr.M 1982d) .

Ice th ic kn ess measu rements were ob t ai ned at man y of the locatio ns

surveyed in 1981 in o rde r to assess yearly va r iabili t y . Brea kup was

periodically obse rvod from April 12 to May 15, and docu mentation was

limit ed t o info rmati on gathe red on aerial overfl ights .

1 .2 Scope of Work fo r 1982- 1983

The Sus itna Riv er ice stud ies evolved considerably during the past

yea r . Emphasis was p laced o n documenting site specific , ice co ver

induced problems id ent if ied during previou s observations. These

incl ud ed ice jamming and flood ing at the Sus itna confluence with the

east cha nnel of the Ch ulitna Rive r, staging effects t hrough spawn ing

areas, and ice jamming near the proposed upst ream coffer-darn at

- 2-

,



1
I
1
I'

1
I
I
1
I
I
I

I
I
I
I
I
I
I

s16/w3

\\Iatana. Reaches where ice jams recur annually were inves t ig at ed for

morphologic changes and identification of critical factors govern ing ice

jam format ion . Collection of addit ional quant itative data was also

required for proposed modelling efforts . These data included ve

locities, maximum stages at v ari ous sites, ice th icknesses , ice dis

charges, . ..4-@s of ice cover advance, water temperatures , and loca

tions of signi.. . -n t open leads. The number of observations was

increased in proportion to the frequency of specif ic ice events and

during breakup, field crews documented daily changes in the ice

cover . The specific data collected during the 1982 -1983 season in 

cluded :

1. Locations of ice bridges

2. Rate of upstream progression of the ice cover

3. Ice discharge est imates

4. Ice cover at tributaries

5. Ice cover at aquatic habitat areas

6. \\later temperature

7. Locations and size of ope n leads

8 . Aerial photography , ob lique and ve r ti ca l

9 . Meteorological data at specific sites

10. Ice cover processes in Devil Canyon

II . Maximum water levels

12 . Ice th icknesses

13 . Ve locities and discharges

14 . Prof iles and cross sections

15 . Time-lapse photography

16 . Locations and effects of ice jams

17. \\later table f luctuations

Meteorological data from f ive weather stations near the river channel

are summarized in Section 3. In addition, f igures are provided that

illustrate the variab ility in a ir temperatures , freezing degree-days

and precipitation from the upper Susitna at Denali to -,·alkeetna .

-3-
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Section 4 co nsi ders the p rocesses as so ci at ed with ice cove r d evelop

ment and how t hey relat e to the 1982 Susitna River freeze - up .

Brea kup is described in Section 5, beg inn ing wit h the in iti a l pro

cesses of ice deterioration followed by the cause and effects of ice

jams .

The sub tl e p rocesses of sed iment tr-ans por-t d u r ing fr eeze- u p a r e

described in Section 6 , along with t he mo re dramati c nature of ice

scouring and erosion du ri ng brea kup .

Section 7 discuss es the envi ronment al effects induced by ice cover

developm ent . Topics in th is secti on include:

1 . Channel morphology cha nges

2 . Aquatic habitat mod if icat ions

3. Relationsh ip between sloughs and ice ja ms

4. Damage to veg et at ion

5 . Ice reg ime in s ide channels an d sl oug hs

6 . Flood ing of isl a nd s

Photographs illustrat ing specific ice processes and events , have been

included in order to assist those wh o are unfamili ar with r iver ice in

ga in ing an understanding of the characteristic . and eff ect s of t he

Sus itna River ice re gi me .

Many of the d iscu ss ion s in t h is r ep ort rely on a famil iarity wit h

ce r t ai n place names and r iver mile locat ion s . Ta b le 1 . 1 lists t hose

wh ich are env ironmentally sig n if icant and oft en referred to in the

test . Figure 1.1 shows the Sus itna Hydroelect r ic Project loca t io n

relat ive to southcentral Alaska . River mile locatio ns ha ve been an

notated on deta iled r ive r maps incl ud ed in Append ix B. Left bank

and r ight bank in this report refer to the respecti ve shorelines wh en

v iewed looking downstream .

- 4-
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RIVER MILE LOCATIONS OF SIGNIFICANT FEATURES

ON THE SUSITNA RIVER

Photo mosaic maps indicating river miles are included in Appendix B.

Locations indicate the most upstream and or entrance .

I
I

I

I

I
I

I

I
I
I
I
I
I
I
I
I

*

s6/11

Place

Devil Canyon
Portage Creek
Slough 22
Slough 21
1ndian River
Gold Creek
Slough 11
Sherman
Slough 9
Slough 8
Slough 7
Curry
Lane Creek
Chase
Whiskers Creek
Chulitna /Susitna Confluence
Talkeetna
Birch Creek Slough
Sunshine/Parks Highway Bridge
Rabideux Creek
Montana Creek
Goose Creek Slough
Kashwitna Creek
Willow Creek
Desh ka River
Yentna River
Susitna Stat ion
Alexander Slough
Alexander

River Mile *

150.0
149.0
144 .5
142 .0
138.5
136.5
136 .4
131.0
129 .0
127.0
123 .0
121.0
114.0
108.0
101.0
98 .5
97 .0
93 .0
84 .0
83 .0
77 . 0
72.0
61 .0
49 .0
40 .5
28 .0
25 .5
19 .0
10.0
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2 .0 SUMMARY

Fraz il ice gene rally fi rst appea rs o n the Su sitna River between Denal i and

Vee Canyon . This reach of r iver is commonly subjected to freezing air

temperatures by mid-September . By the end of October 1983 , the entire

ri ver had cooled to OoC and fraz il slush had accumulated into an ice cov e r

that started near' Cook Inlet and extended upstream to Talkeetna . The

development of an ice cover on the lower river below Talkeetna requ ired

only about 14 days . This rapid ice cover prog ression was due primari ly to

the gentle gradient , low flow vel ocities and b road r iver channel common to

this section . Very little s t agi ng was necessa ry during the ice cover

advance , generall y 1-2 feet upstream to ap p rox imatel y river mile (RM) 67

and then steadily more as the channel gradient became steeper. At

Talkeetna the staging amounted to over 4 feet nea r the entrance to a side
channel.

On November 5, 1983 an ice jam occ urred at the confluence of the Chulitna

River east channel and the Susitna mainstem. Th is in itiated the ice cover

prog ression on the Susitna upstream to Gold Creek. Staging along th is

reach was generall y more ext reme with water levels commonly increasing

more than 4 feet . The lead ing edge reached Gold Creek by Jan uary 14 ,

1983 afte r hav ing sl owed to a progress ion rate of on ly 0 .05 miles /day .

This was d ue to a reduction in the ice discharge caused by the

development of an ice cover in the upper ri ver which effectively sealed off

the air/water interface preventing f razil generation. The reach from Gold

Creek to Devil Canyon too k con siderably longer to freeze and the

processes involved were also different from those in the reaches furt her

downstream . Th is area e xperien ced e xtens ive shore ice development and
ice dams. "

A time lapse camera was mounted on the sout h r im of Dev il Canyon in

order to document the fo rmation of massi ve ice shelves that develop near

the proposed damsite . The ice co ver in this turbulent , high ve loc ity

reach , often the f irst to form on the entire Sus itna River . was very

-7-
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unstable and was constantly either disintegrating or

8 mm movie camera provided footage that revealed

concerning how an ice cover forms over rapids .

accumulating . The

valuable information

The upper river from Devil Canyon to Denali was not monitored closely

during freeze-up or breakup but routine flights to Watana Camp provided

much interesting qualitative information on the processes affecting this

reach . Essentially, this reach develops wide shore ice by building

successive layers of fraz il and snow slush. The channel finally becomes so

narrow that slush is entrapped and eventually freezes into a continuous ice

cover.

After an inital ice cover forms, continually decreasing water levels lower

the floating ice until the majority of the cover has settled on the bottom,

often conforming to the channel configuration . Open leads begin

developing over turbulent water . Some may gradually close again through

accumulations of fine slush ice against the downstream edge of the lead .

Many open leads persist all winter.

Groundwater seeping into the mainstem, side channels and sloughs usually

erodes away the existing ice cover. These areas can remain ice free for

most of the winter .

Breakup is generally initiated by increasing incident solr r radiation , warm

air temperatures , and subsequent rising water levels. The first effects

are seen during April when open leads begin to enlarge and the ice cover

surrounding these leads is gradually undercut by higher flows . Ice

fragments collapse into the leads and drift downstream to pile up against

the solid ice cover . Eventually open leads may merge , creating a long ,

wide channs l , The small jams commonly associated with the lead

enlargement process, can accumulate sufficient mass to ground on the

channel bottom . This caused the first jams to form at Lane Creek and at

Slough 21 . Essentially. open leads continue lengthening until the river is

divided between reaches of open water and large masses of accumulated ice

-8-
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debris . The ice jams then release in succession starting with the jam

furthest upstream which, in 1983, was at Slough 21 . The debris drifts

with the current until encountering the next jarn , The volume of drift;ng

ice can become so massive that most ice jams are immed latelv swept away,

further increasing the total accumulated mass .

In May of 1983 an extensive buildup of flowing ice debris was stopped near

Chase by a combination of the only remaining solid ice cover, and a

shallow reach of river nearly 3 miles long. The ice cover disintegrated on

impact but stalled the flow long enough for the ice to p ile up and ground

fast. This jam held for two days and the ice debris then flowed

unobstructed to Cook Inlet . Although by May 10, 1983 the entire ri ver

was essentially ice free , ice floes continued drift ing downstream for several

weeks as previously stranded floes were picked up by steadily increasing

discharges,

The lower Susitna River downstream of Talkeetna experienced an extremely

mild breakup. Observers at the Deshka River confluence and at Susi tna

Station thoroughly documented breakup this year . Their descriptions and

data indicated that the ice cover fragmented and flowed out between May 2

and May 4 . Most of the ice cover s imply deteriorated while remaining

shore-fast and little jamming activity took place . The only sign ificant ice

jam below the Parks Highway Bridge occurred near the confluence with

Montana Creek.

This past river ice season was sign ificantly moderated by mild

temperatures and snowfall. Ice th icknesses did not reach propo rtions of

previous years and little precipitation occurred during breakup . Much

data was documented during freeze-up in 1982 and breakup in 1983 for

computer modelling input but it must be recognized that they do not

necessarily represent cond itions in a normal year .

-9-



sG/hh 1

3.0 METEOROLOGY

Mathematical derivations of heat exchange coefficients will be required for

computer simulations of river ice cover formation . Accurate and consistent

measurements of .net eo rolog ica l parameters are essential for developing

representative values for the heat gain and heat loss components of the

energy exchange equation . A detailed heat exchange analysis is beyond

the scope of this report . This section is limited to brief comments on the

processes of surface heat exchange. definitions of the mechanisms by

which they occur and identification of the meteorological parameters that

are currently being monitored in the vicinity of the Susitna Hydroelectric

Project .

Natural water bodies receive the most heat from solar shortwave radiation

(H) and longwave atmospheric radiation (H), and lose heat to thes a
atmosphere by longwave back radiation (H b). evaporation heat loss (He).

and conduction heat loss (Hc)' Not all of the incoming solar and long

wave radiation is absorbed. A certa in percentage is reflected at the water

surface and these values are generally computed based on reflectivity

coefficients which are ratios of reflected radiation to incident rad iation.

Reflected solar radiation (H ) is usually of greater magnitude thansr
reflected atmospher-ic rad iation (H ) , but more variable due to cloudar
cover, latitude, and altitude .

The net rate of heat transfer across a water surface is :

H = (H
s

H • H
sr a

The parameters representing the absorbed radiation, combined in the

parentheses on the left , are independent of the water surface temperature.

The terms in the right parentheses represent the temperature dependent

parameters of heat loss, (Edinger , 1974).

-10-
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Values for the individual heat exchange components can be derived from

the following measured meteorological variables : solar radiation , air

temperature, and dew po int temperature. T hese parameters have been

monitored at several locations throughout the upper Susitna Basin for the

past 3 years by R&M Consultants. In add ition, a 42 year record is

available from the meteorological station at the Talkeetna Airport operated

by the National Weather Service. These weather stations were selected for

the data summaries included in th is re po r t because they are situated close

to the river and most accurately represent the climatic regime d irectly

influencing the water surface . They are located at Denali, Watana, Devil

Canyon, Sherman, and Talkeetna . Additional information about each

weather station. incl ud ing exact locat ion and sensor specifications , have

been published previously and is therefore not included in this report .

Those readers not famil iar with this aspect of the project may wish to

consult the Processed Climatic Data Reports, Volumes 1-8 (R&M, 1~82e)

which includes a detailed description of the meteorological da ta collection

p rog ram.

Mean maximum. mean minimum and mean daily air temperatures for each

station from September 1982 through Ma y 1983 have been summarized in

Table 3 .1 . Mean daily air temperatures are plotted in Figure 3.1. Tables

3 .2, 3 .3, and 3.4 list the number of freezing degree-days per month

between September and May fo r the e xisting record at ea ch station

(Talkeetna 1980-1983 only), and are graphed in Figure 3 .2. Only the

Watana (R&M Consultants) and Talkeetna (NWS) stations have the

capability to measure p recip itat ion o n a da ily bas is throughout the winter

months . These data ha ve been p lott ed in Figure 3 .3 .

The meteorology with in the upper Sus itna Bas in is h ighly variable at any

g iven t ime between weather stat ion s ites . Th is is due, in part , to the

movement of storm systAms , the topograph ic variance. and the change in

latitude, but mostly to the 2,400 feet difference in elevation between Denali

and Talkeetna. The graphs presented in this section illus t rat e not only

the colder daily temperatures at Denali but also their longer duration. In

-11-
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October 1982, for instance, Denali had a total of appro ximately 370

freezing degree days (OC) while Tal keetna had only 170 . Th is difference

may be significant since the entire Susitna Rive r downstream of Talkeetna

developed an ice cover by November I, 1982 . Caution is therefore ad vised

in using average values for the Susitna Basin since these may not be

representat ive of any location along the river . There is also s ignificant

difference in precip itation and wind r u n between Watana and Talkeetna .

Watana receives only a fraction of the precip itation measured at Talkeetna

primarily because of orographic effects at Watana and the high

concentration of storm systems from Chul itna Pass to Talkeetna . The

Watana weather station is s ituated on a high plateau and is ex posed to

wind runs not common on the river .

The data summa rized in the tables and figures in this section are based on

published and provisional monthly met eorological summaries from each

respecti ve weather stat ion. These ha ve been included in Appendix B.

-12-
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Se p t e mbo r 1 1)6~

fa I k ee t.n a
Sherma n
nev i I Ca ny un
Watana
Den a I i'lt

Ba s i n Avu r8g c

Octobe r 1282

TABLE 3 .1

HEl[OROI.OGI CAL OAf A SUMMARY f ROM SELECTE D W[ATltER
S JAT I ONS Al. ONG THE UPP ER SUS IT NA RI VER

SEr TE MBER 1982 - HAY 1983

_...-1il.LJ..m!lpe ra \'tl r~.~
MOlin HUo H I ,,", O ll ll Depa r ture Dupu rtu r e

Na x i mum Mi n i mum Monthl y from Nurma l Pr e c i p i t at i ull r rum No rma I
_ crL _..crL I QC ) ( °e l ( nun I -lmml

1\ . ~ '1, 1 '/.8 0. 0 19n , n 76.1
11 . '1 2. 8 'I . 1 0.0 232. 2 0 . 0
9 . 5 2 . 5 6 . 0 1. 'I 156 . 6 59 . 1
8 ." 1. 6 5 .0 0 . " 10 0 .8 15 . 6

3 . 6 - 0 . 2

10.2 2 . 8 5 .9 0 .3 169 . 9 3"1 .7

Dept h o f Snow
un Gruund

( em)

0 . 0

0 .0

TA lk eetna
I-" ShU f"man lt

W Dev i I Canyon
WaUna
Dena I i

Ba s in Averag e

Noyc mbe r 19 82

Ta lkeetna
She rma n*
Dev i I Ca nyon
Wa t a na
Don a I i ·

Ba S i n Avu ra gu

-0 . 6 - 9 ." - 5 . 0 - 11 . 9 52.2 ·11.8 " 0 . 3
1. 0 - 8 .0 - 5 . "/ 0 .0

- 2 . 6 - 9 . 8 - 6 . 2 . 't • 1
- 3 .3 - 11. 9 -7. 6 -3 . 8 " . 2 - 6 . 1

-11. 6 - 6. 0
- - - -

- 1." - 9.8 -7 .3 -3 .8 28.2 - 9 . 0

_II. ~ - 12 . 6 - 8. 5 - 0. 'I " 2 . 8 - 2 .3 '/ 0 . 6
_II. 5 - 11.

'
t -10 . 0 0.0

- 5.8 - , 1. 9 - 8. 9 - 1. 5
- 7 . 1 - 1.. ... -10 . t - 1. " 0 .2 - 2 ."

- 15 .7 - 5 . 2

- 5 . 5 - 12 .6 - 10 . 8 - 1. 7 2 1.5 -2."

• Pa r-t l a t Rec o rd - Some vat ue s f o r mean da i I y t emperature s , u sed t o compu te the me an month l y t empe r atu re, a re ba sed on
l i nea r req re s s t un uner yse s • Sue I'.ppendi x A.
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* Partial Record - So me vat ues f or mean da I I y t empe r atures, u sed to c omp u t e t he mean month l y temperature, a re ba sed on
I i nea r regre s s ion anat y su s • See Appendi x A.
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• Parti a l ue c o rd - Some var ue s f or me an dai t y temperature s . u sed to c ompute the me a n monthl y t emperature, are ba sed o n
linear r egre ss ion ana lyse s . See App endi x A .
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TA BLE 3 .2

NUMBER OF FREEZING DEGREE DAYS (OC)
Se ptember 1982 - May 1983

Ave rage
Histor ica l**

Reco rd Mea n Mo nt h ly
Normal Air Tempe r at u re

Mont hly Accumulated Month (OC)

Se ,">tember 1982

Talkeetna 0 0 0 7 .8
Sherma n 0 0 0 7 .1
Devil Canyon 0 0 5 6 .0
Watana 1 1 13 5 .0
Dend li* 7 7 17 3 .6

Basin Ave rage 2 2 7 5.9

Octobe r 1982

Tal keetna 172 172 72 - 5 .0
Sherma n* 189 189 - 5 . 7
Dev il Canyon 200 200 95 -6 .2
Watana 236 237 127 -7 .6
Denali* 367 374 192 -11 .8

Basin Average 233 234 122 -7 .3

Novembe r 1982

Talkeetna 258 430 191 -8 .5
Sherman* 301 490 -10 .0
Devi l Canyon 256 456 222 -8 .9
Wa ta na 304 541 279 - 10 .7
Dena li* 471 845 376 - 15 .7

Basin Average 318 552 267 -10.8

- 16 -
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I
I T AB LE 3 .2

NUM BER OF FREEZI NG DEGREE DAYS (OC)
September 1982 - May 1983

I (Conti nu ed)

I Ave rage
Historical **

Record Mea n Month ly
Normal Air Temperatu reI Mont hly Acc umulated Mont h (°C lDecember 1982, Tal ke et na 230 660 407 - 7 .2She rman 274 764 -8 . 7Dev il Canyon 255 711 391 -8.2Watana 324 865 468 - 10 .4I De nali * 477 1322 627 - 15 .4

I Basin Ave rage 3 12 864 473 -10 . 0

I
J anuary 1983

Talkeetna 336 996 311 - 10 . 8Sherman* 340 1104 - 11 .0

I Dev il Canyon* 354 1065 325 -11.4Wa t ana 440 1305 402 - 14. 1Dena li* 630 1952 53 1 -17 . 1

I Bas in Average 420 1284 392 - 12 . 9

I February 1983

I
Tal keetna 211 1207 224 - 7 .5Sherman* 225 1329 -8 .0
Dev il Can yon 212 1277 254 -7 .5Wata na 281 1586 289 - 10 .0

I Denal i 395 2347 416 - 14. 1

I
Bas in Av e rage 265 1549 297 -9.4

I
I
I - 17 -
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TABLE 3 .2

NUMBER OF FREEZI NG DEGREE DAYS (OC)
September 1982 - May 1983

(Continued)

Average
Historical**

Record Mean Mo nthl y
Normal Air Tempe rat u re

Monthly Acc umu lat ed Month (OC)
March 1983

Talkeetna 120 1327 107 -3.5
Sherman* 128 1455 -4.2
Devil Canyon 153 1430 147 -4 .9
Watana 233 1819 223 -7 .6
Denali 366 2713 302 -11 .8

Basin Average 200 1749 195 -6 .4

April 1983

Talkeetna 15 1342 36 1.9
Sherman 21 1476 21 1.8
Devil Canyon 30 1460 75 0 . 3
Watana 65 1884 115 - 1. 1
Dena li 81 2794 151 -2 .3

Basin Average 42 1791 80 0 .2

May 1983

Tal keetna 0 1342 0 9.1
Sherman 0 1476 0 6.9
Dev il Canyon 0 1460 0 6.8
Watana 0 1884 9 5 .3
Denali 0 2794 5 4 .9

Bas in Average 0 1791 3 6.6

* Partial Record - Some va lues are based on linear reg ress ion ana lyses.
See Appendix A.

** Period of Record : Talkeetna
Shermc::n
Dev il Canyon
Watana
Denal i

1940 - 1983, on ly used 1980 -1 983
1982 - 1983
1980 - 1983
1980 - 1983
1980 - 1983

- 18 -
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I TABLE 3 .3

NUMBER OF FREEZI NG DEGREE DAYS (OCl

I
SEPTEMBER 1981 - May 1982

Mean Mo nthly
Air Temperature

I Monthly Accumulated (OCl
September 1981

I
Tal keetna 0 0 7.3
Sherman (No Data l
Dev il Canyon 12 12 4 .4
\\Iatana 33 33 4 .0

I Denal i 40 40 3 .2

Basi n Average 21 21 4 .7,
October 1981

I Ta lkeetna 29 29 2.0
Sherman (No Data l
Dev il Ca nyon 41 53 -0 .4
\\Iatana 72 105 -2 . 1

I Denal i 108 148 -2 .8

Bas in Average 63 84 -0 . 8

I Novembe r 1981

I Talkeetna 205 234 -6 .4
Sherman ( No Data l
Devil Canyon 255 308 -8 .3

I
\\Iat ana 316 421 -10.4
Denali 389 537 -12.9

Bas in Average 291 375 -9 . 5

Decembe r 1981

Talkeetna 367 601 -11. 7
Sherman ( No Data l
Devi l Can yon 363 671 -11. 6

I
\\Iat ana 424 845 -13.7
Denali 514 1051 - 16.5

Bas in Average 417 792 - 13 .4

Ja nuary 1982

Talkeetna 531 1132 -17.1
Sherman (No Datal
Dev il Canyon 528 1199 -17 . 0

I
Watana 622 1467 -20.1
Denali 732 1833 -25 .2

I
Basin Average 616 1408 - 19 .8

- 19 -
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T ABLE 3 .3

NUM BER OF FREEZI NG DEGREE DAYS (O C)
SEPTEMBER 1981 - May 1982

(Co nti n ued)

Mean Mo nt hly
Air Temperature

Month ly Accumulated (OC)
February 1982

T al keet na 285 1417 -9. 9
Sh erman (No Data)
Dev il Canyon 344 1543 - 12 . 1
Watana 365 1782 - 13 .0
Den al i 525 2358 -18 .7

Basin Average 380 1775 -10 .7

March 1982

Talkeetna 161 1578 -5 .0
Sherma n (No Data )
Dev il Canyon 223 1766 -7 .1
Wat a na 299 2081 -9 . 6
Denali 359 2717 - 11 . 5

Bas in Ave rage 261 2035 -8 .3

Apri l 1982

Talkeet na 46 1624 0. 1
Sherman (No Data)
Devi l Ca nyo n 102 1868 -2. 7
Wata na 140 2221 - 4 . 5
Denali 182 2899 -5 .9

Bas in Average 118 2153 -3. 3

May 1982

Ta lkeetn a 0 1624 6 .4
She rma n 0 6.4
Dev il Canyon 0 1868 4.4
Watana 27 2248 2 .3
Den ali 15 2914 2 .5

Basi n Average 8 .4 2164 4.4

- 20 -
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TA BLE 3 .4

NUMB ER OF FREEZING DEGREE DAYS (OC)
SE PT EMB ER 1980 - MAY 1981

Mean Monthly
Air Tempe ra t ure

Mo nth ly Acc umulated ( °C)

Septem ber 1980

Ta lkeetna 0 0 7 . 7
Dev il Ca nyon 1 1 3. 5
Wata na 4 4 3. 5
Denali 4 4 4 . 7

Bas in Ave rag e 2 2 4 .9

October 1980

Tal keetna 14 14 2. 1
Dev il Ca nyon 45 46 0 .2
Watana 74 78 -2 . 1
Den al i 102 106 -2 . 9

Bas in Average 59 61 -0 .7

Novembe r 1980

Tal keet na 111 125 -3. 5
Devil Ca nyo n 154 279 -5 .1
Wat ana 216 294 -7 .2
Denali 269 375 -9 .0

Bas in Ave rag e 188 268 -6 .2

Decemb e r 1980

Tal keetna 623 748 -20 . 1
Dev il Ca nyon 556 835 -17 .9
Wat ana 656 950 - 21 . 1
Denal i 890 1265 -28 .0

Basin Average 681 950 -2 2 .0

- 21 -
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Location: Watana Weather Station Operator: R & M Consultants, Inc.
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4 .0 SUSITNA RIVER FREEZE-UP PROCESSES

Freeze-up processes ini t iated in early October , 1982 and co nti nu ed through

f inal ice cover devel opment in March 1983 . This sect ion describes the

various types of ice cove rs that form on the Su sitna River f rom Cook Inlet

upstream to the proposed dams ite at Watana .

I:

I
I
I
I
I
I
I
I
I
I
I
I
I

4. 1 Definitions of Ice Terminology and Comments on Susitna River Ice

Some users of th is report may not be familia r with standard

termi nolog y used in desc rib ing river ice and s ince a rather e xten s ive

description of ice proces ses on the Susitna River foll ows, a b r ief

discussion 00 common types of ic e observed on the Susitna is

presented here . Thi s is not int e nd ed to be a complete glossa ry of

ice terms , and those int e res ted in information on other t ypes of ice

should refer to the more defin it ive papers on r iv e r ice listed in

Section 8 (e .g . Newb ury 1968, Mi chel 1971 , Ashton 1978 , and

Oster kamp 1978).

Frazil - Indi v idual crystals of ice generally believed to form when

atmospheric (c old air) and hydraul ic (turbulence) conditions are

suitable to maintain a supercooled « OOC ) layer at the water s u rface

(N ewb u ry 1968 , Mi c he l 1971 , Benson 1973 , Osterkamp 1978) , see

Section 4 .2 .

Frazil Slush - Fraz il ice c ry s t a ls hav e strong co hes ive p rope r-ties and

tend to flocc ulate into loos e ly pa c ked c lus te rs that re semble slu sh ,

(Newbury 1968) . The clusters may continue agglomerating and will

eventually gain suffic ient b uoyancy to counteract the turbulence and

float on the wat e r surface . This slush is highl y porous . Samples

collected at Gold Creek in October 1981 y ielded a ratio of wat e r

volume to ice vo lume of 70-80 percent .

Ice Constrictions - Slush ice drifts downstream at nearly the same

velocity as the current. The velocity of the slush can be affected by

surface constrictions ca used by border ice shelves . These

- 26-
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constrictions generally occur in areas of similar channel configuration

where the thalweg is confined to a narrow deep channel along a steep

bank . The current exerts a steady frictional force on the underside

of the the slush cover . When entering constricted areas , the slush is

therefore forced to compact and the density of the ice increases .

The slush ice continues to pass through the channel surface

constriction and is extruded from the downstream end as a long

continuous, unbroken ribbon of ice. The structural competence of

the ice layer is greatly increased since the water filled interstices

between the ice crystals have collapsed . As the layer of compressed

slush accelerates away from t ile constriction , it begins to fragment

into floes of various sizes , depending primarily on the flow

distribution in the channel. Gene rally, the rafts break into floes

averaging 2-3 feet in diameter unless an extremely turbulent reach is

encountered where the floes dis integrate and emerge once again as

small slush clusters .

Ice Bridges When the air temperatures become very cold

(e.g. -20°C) , and/or the density of the compressed slush is high ,

then the v iscosity of the floating ice will inc rease until it can no

longer be extruded through a channel surface const riction. In this

event the continuous slush cover over the water surface freezes

resulting in an ice bridge . Ice floes contacting the upstream

(leading) edge of the ice bridge will either accumulate there or be

subducted underneath the ice cover. The stability of ice against the

leading edge is criticall y dependent on t he water depth and velocity .

Surface water ve loc it ie s e xc eeding 3 ft lsec generally prevent ice

accumulation, (Newbu rv , 1968) .

Snow Slush - Slush ice has been observed to form during hea vy

snowfalls , (Newbury 1968 , Michel 1971 , R&M 1982d) . The influ x of

snow crystals dramatically increases the ice discharge . Upon contact

with the water surface, the snow crystals undergo an immediate

metamorphosis into slush wh ich is indistinguishable from frazil slush .

Observations at Gold Creek and Talkeetna ind icate that the influence

of snowfall on slush ice d ischarge is s ignificant and could affect the

-27-



s6 /ii3

rate of ice cover progression on the Susitna River below Talkeetna

during years of low frazil generation. Figures 4.1 and 4.2 show the

relationship between daily air temperature, snowfall and ice

concentration at Talkeetna and Gold Creek respectively .

The first occurrence of v isible slush ice during the past season was

on October 12, 1982 , co incident with the first heavy snowfall of the

year. It is interesting to note that the observed ice concentration

does not correlate with air temperature, according to the relationships

in the figures described above. The air temperatures at Talkeetna

were not low enough (-2.5°C) to substantially increase the frazil ice

concentration and although the air temperature at Denali was low

enough (-10°C) to generate ice, it could not have influenced the ice

concentration at Tal keetna on the same day . T ravel time between

Denali and Talkeetna, a distance of more than 160 river miles , is

approximately 1.5 da ys at a flow velocity averaging 6 ft /sec . The

calculated ice discharge for the 10"0 estimated surface coverage at

Talkeetna on October 12, 1982 is 30 cfs or approximately 2.5x106

cubic feet of ice per day. Assuming that little or no frazil was

contributing to the slush ice because of high air temperatures , then

it can be concluded that snow has a very significant influence on

slush ice concentration and therefore also on the ice cover .

Shore Ice or Border Ice - Initially, slush ice drifts into and covers

the zero velocity flow margin against the river bank. Additional

slush flowing downstream sometime contacts this f rozen ice and

accumulates aga inst it in a layer . This layer . affected by the f low

velocity, will continue to move downstream, maintaining contact with

the shore fast layer . If frictional forces of the water are overcome

by the shear resistance between the ice layers, then movement stops

and the slush layers freeze together. Shore ice will continue adding

layers by this process until the ice extends far out into the river

channel where flow velocities are in equilibrium with the shear

resistance of slush ice. These ice layers often constrict the surface

of the flowing water and present a barrier to floating slush ice . The

constrictions have been observed to become so narrow that the slush
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Black Ice - Black ice forms initially as individual crystals on the

water surface in lakes. zero velocity areas in rivers and underneath

an exis tinq ice cover (Michel, 1971) . These crystals all develop

un iformly in the same direction, with the c-axis of the crvstal

perp."ndicular to the thermal grad ient . This orderly arrangement

results in a compact structure with relatively few crystal boundaries

and ther-efore less potential for a structural failure in the ice sheet .

Black ice developing in the absence of frazil crystals is

characteristically translucent. This t ype of ice often grows into clear

lave-s several feet thick under the Susitna slush ice cover. In

contrast, water saturated slush ice (such as most border ice) is

opaque, that is, usually white or blue in appearance . Ice cover

r igidity and s t r uc t u r al competency is generally dependent on the

initial ratio of water volume to slush ice volume (Newbury , 1968).

Black ice , which contains no slush is therefore extr-emely strong

(shear resistant) even in relatively thin layers. The large . well

rounded crystals of drained slush ice . however , produce floes which

are inherently weak and will easily fragment.

I
I
I
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ice must be extruded through under pressure. Flows

shoreline of the Susitna a re rarely placid enough for

formation, however thick layers (1-2 feet) of clear ice

found to grow under the surface slush ice.

along the

black ice

have been

I
I
I
I
I
I

4 .2

Hummocked Ice - This is the most common form of ice cover on the

Susitna. Essentially it is a continuous accumulation of slush , ice

floes . and snow that prog resses upstream during f reeze-up . This

process will be described in Section 4 .3 .

Frazil Ice

Development of an ice cover on the Su sitna River is a complex

process influenced by many variables and mechanisms t hat are not

fully understood . The ice on this river is primarily a continuous

accumulation of frazil slush and snow slush . It is therefore important
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to understand the relationship and sign ificance of a ir temperature.

water temperature. turbulence and suspended sediment to fraz il ice

generation. Little data on these variables has been collected .

Frazil ice crystals are formed when water becomes supercooled.

Supercooling is a phenomena by which water remains in a liquid state

at temperatures below DoC. Controlled. uniform laboratory conditions

can supercool pure water to as low as -30°C . Under natural

conditions . river water wi ll supercool only a fract ion of a degree

below DoC (Osterkamp 1978. Benson 1973) before frazil ice fo rms .

Studies dea ling with f raz il format ion ha ve not establ ished a mechan ism

to explain this o rd e r of magn itude difference in crystallization

temperature . Theories on ice nucleation processes have been

developed based partly on experiments conducted in cloud physics .

Foreign particles are associated with the nucleation of ice crystals and

rivers normally contain an abundance of suspended sed iment and

organic material. The Susitna River discharges tremendous volumes

of silt and clay size particles prior to freeze-up which may in itiate

nucleation of ice . No specif ic studies have been conducted to d at e on

the Su sitnz River to substantiate the relationsh ip between frazil ice

format ion and s us perided sediment. However . there is an apparent

corre lat ion between th e f irst occurrence of frazil ice and a sudden , at

t imes overn ight . vi s ua l reduction of turb id ity in t he r iver water .

During the month of September and generally . the first 3 weeks in

October . Susitna water temperatures d ro p from 8 . 5°C to O.S oC at

De v il Can yon with similar temperature reducti ons at v ar ious other

locations, (Table 4 .1) . With sustained air temperatures below DoC. a

thin layer of water will be cooled to the freezing point and ice

crystals will form . Und e r qu iescent condit ions , the crystals will form

on the water surface, eventually bond ing together into a sheet of

black ice , and cont in u ing to grow ve r ti ca lly along the thermal

gradient. Laboratory experiments have determined that flow veloc it ies

of only 0 . 79 ft .lsec . are necessary to mix the surface laye r

suffic ientl y to produce frazil (Osterkamp, 1978) . These ve loci ti es are

exceeded on the Susitna mainstem through most reaches so the water
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body is continually being turned ov er . Under these cond it ions , the

water can be s upercoo led to seve ra l hundredths of a degree below

o-c and frazil ice crystall izes .

occurrence, howe ver, have on ly been made vi s ua lly and on the

Susitna , low volumes of f raz il cannot be seen by casual inspect ion

f rom a hel icopter . For e xample , at lower ice discharges wit h a ir

temperatu res at -3°C , fraz il c r ys tals may not be forming in s uff icie nt

quantities to agglomerate into ice clu ste rs la rge en ough to appear on

the water surface. Indi vidual c ry s t a l. ten d to rem a in suspended in

the flow , lacking the buoy ancy requ ired to co u nteract the t urbulence .

With co lder a ir t emperatures , (e . g . -lOOC) more ice may be

generated , inc reasi ng the co ncen t rat ion of ice cry stals . Fraz il ice

has st rong co hes ive properties and tends to floccul ate into cluste rs of

several ind ivi d ua l crys t a ls . The f raz il f loes may in turn agg lomerate

wit h ot he r f loes to fo rm mas ses of slush va r yin g in s ize d epending on

flow con d it ion s.

Channel morpholog y seems to p lay an impo r ta nt ro le in controll ing

frazil agglomerat ion as indicated b y ice plumes . T hese plumes are an

ea r ly ind icato r of f razil ice and have been observed at several

location s between Tal kee t na a nd Ve e Ca nyon whe re otherwi se no ice

was seen. The sites seem to have a similar ch ann el con f igurat ion .

Most occ ur at sha rp ri ver bend s ca us ed b y out crop s p rot ru d ing into

the channel. Th e roc k ou tcrops oft e n crea t e an edd y o r s lig ht

backwater effect on the upst ream s id e . Frazil fl oe s , in suspension ,

are swept into these a reas an d swi r l abo ut , g reat ly inc reasi ng the

potent ial of collis ion and adhes ion wit h ot he r f loes . If the res ult ing

slush ball s gain s uff ici en t mass a nd buoyancy , they e ncou nt e r a

h igher veloc it y a nd more linea r flow near the surface and are ca rried

downstream . The slush ex its floating in a long nar row stream whi c h

is rap idl y dissipated by v eloc ity and flow d istributions . Any

subsequent tu rbulence can re -entra in the slush into the flo w

rende r ing it once aga in d ifficult to obse rve . In September these ice

Sus itna unt il

first frazil

the

ofObservation

No substantial vo lume of ice has been obse rved on

a ir temperatures fall below -lOoC .
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plumes are often obse rv ed near Gold Creek , ri ver mile (RM) 136 , and

Slough 9 , RM 128 .5 At these sites the air temperature is usu ally

above freezing and once the ice surfaces it may melt .

During September and October of 1982, the ri ver water in the upper

Susitna Basin (between Watana and Denal i) was exposed to

s ign ificantl y colder temperatures as well as a longer co ld period than

the lower ri ver bel ow Talkeetna (Sect ion 3 ). These meteo rological

trends a nd the s ha llow, tu rbulent, and swift fl owing wate r common in

the upper bas in probably cause supercooling a nd the generatiC'n of

f raz il ice wee ks before these p roces ses occ u r in the Devil Canyon to

Ta lke etna rea c h. The vo lume of ice g e nerat ed in the u p per ba s in

could ha v e c r it ical sig ni f ica nce to the rate of ice cover devel opment

on the lower r iver bel ow Tal keet na.

It has been assumed in ea rlier reports that the majority of fraz il ice

was generated in the rapids of Dev il Can yon , Watan a Ca n yo n a nd Vee

Canyon . Alt hough th is holds true after November , the difference in

the number of freezing degree d ays between Denal i (370 ) a nd

Tal keetna ( 170) in October s ug gests t hat the majority of the fr azil

slush acc umu lati ng aga ins t the lead ing edge downstream of T alkee tna

o r igi na tes in the upper r iver near Denali . On October 21 , 1982 a n

attempt was made to ve ri fy th is b y es ti mat ing the ice discharge at

various locations during a low level overf lig ht from Tal keetna to

Watana .

The est imate W dS based on a method d escribed by Mic he l ( 1971) in

which t he total ice d ischarge ca n be ca lc u lat ed us ing :

~

=z
i :0

where n . is the percentage of slush ice cove r ing the c ha n ne l surface ,
I

v . is the v e loci ty , h is th e total effect ive ice thickness and B is the
I

ice flow width . The percentage of ice and the flow v eloc it y were

est imated v is ua lly. The channel width was known from cros s sect ion

surveys and used to est imate fl ow width .
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Thus, if ice was being generated in the reach between Talkeetna and

Watana, then the ne, ice d ischarge would be expected to decrease

upstream . The f inal calculated ice discharges, however, consistently

rema ined between 100-120 cfs all the way upstream to the confluence

of Watana Creek . It was evident from this survey that rap ids at

Devil Canyon and Watana were not contributing s ign ificantly to the

estimated total ice discharge of 3 .6 x 105 cu ft /hr on that day in

mid-October . The majority of the ice was being generated further

upstream beyond Watana Creek .

-33-

where ho is the thickness of the solid part of the floe and h
f

is the

thickness of slush under the floe . A sol id layer in the slush was

neve r observed so h = O. The thickness of the slush was extremelyo
variable so fo r this estimate an average of .5 ft was used . Velocit ies

at the cross sect ions were consistently 4 ft /s with an ice flow width
of 200 ft .

Samples of slush ice we re collected at Gold Creek during a hea vy

slush ice flow in mid -October, 1981 . The percentage of water volume

to ice volume in a 1 liter sample of slush averaged 60'!.. This value

was then used for "e " in the follow ing equation for calculating the

total effective ice thickness (h):

Fraz il ice crystals have a propensity for adhering to any objec t in

contact with the river flow. When fr-azil adhe res to rocks on the

channel bottom it is commonly referred to as a nc ho r ice . Anchor ice

has been observed to develop into ice dams on the reach between

Indian River and Portage Creek as a result of extreme accretion .

Although these ice dams do not attain suffic ient thicknesses to create

extensive backwater areas, they increase the water velocity by

restricting the cross sectional area . The configuration of the

accretions is such that they may affect the stability of the flow ,

creating turbulence which could increase fraz il generation .

I s6/ii8
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Anchor ice on the Su sitna River is a relat ivel y short term ici ng

feature . On da ys wit h intense solar radiation or wa rm air

temperatures , th is ice has been observed to release from the channel

bottom and float to the water surface, oft e n carrying with it an

accumulation of sediment . These su r faced anc hor ice floes will d ri ft

do wnstream to eventuall y become part of an ice cove r. Becau se of

the high sediment concentrat ions ( si lt , s and and some small gravel ),

these ice floes remain ea sily identifiable even after they are

incorporat ed into the adva ncing ice cov er .

4 .3 Ice Cover Development

Th is sect ion d iscu sses ice cover format ion on the S us it na River from

the mouth at Cook Inlet to the proposed dams it e at Wat ana. For the

purposes of th is di scu s si on , t he ri ve r has been separated into 4

reaches : Cook In let to Tal keetna , Talkeetna t o Gold Cree k , Gold

Cree k to Devil Can yon , and Devil Can yon to Watana . An additi onal

section d escri b ing the un ique f reeze - up process in Dev il Ca nyon is

included . .!

4 .3 .1 Cook Inlet to Tal keetna

The in it iati on of ice co ve r fo rmat ion occ ur red s udden ly wh e n

t remendou s vo lumes of slush ice fa iled to pass th rough a

c ha n ne l con str iction nea r RM 10, ad jacent to Ale xand er . The

e xact date of this event is uncertain . On October 21, 1982 a

fie ld crew was operati ng at the mouth of the Su s itna and

reported flowin g s lus h b ut not in s ubs t ant ia l vo lumes . On

October 26, 1982 aer ial recon nai s sance revealed the ice bridge

at RM 10 as well as an un consol idated ice cover up to RM 67

near the confluence of Sheep Creek . Thus , somet ime between

October 21 and October 26 the s lus h ice jammed at RM 10 and

accumulated upstream 57 miles . Daily ice discharge estimates

from Talkeet na (Tab le 4 .2 ) showed a sudden in c rease in ice
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co ncent rat ions beginning on October 21 wit h 1.3 x 105

cu ftlh r and r is ing steadily to 5 .8 x 105 cu ftlhr on

October 26 . Assuming that the ice cov er began progressing

upstream on October 22, then the progression rate of 11.5

miles per day is extremely fast , (see Figure 4 .3). The ice

cover was uncon solidated and few sections showed an y

compact ion or telescoping. Open water was v is ib le between

the slush ice rafts . The cover appeared relati vely th in

(about 1 foot) although no measu rements were made . Judging

from the margin of flood ed snow on the channel banks , the

staging amo u nted to on ly .5 - 1 foot between RM 10 and

RM 25 (Susi t na Stat ion ) . The flow d is charge at Sunsh ine ,

based on provi si onal USGS estimates , ranged from 16, 000 cfs

on October 21 to 14, 000 cfs on October 26.

Upst ream f rom RM 25 on October 26, the ice cover was no

longer continuous . There was no ice cover, o r evidence of

ice p rogression on the Su sitna near t he confluence of the

Yent na River. The Yentna was also completely free of drifting

ice and shore ice . At RM 32 , a loosely packed ice cover

resumed and co nt in ued upstream to RM 67 . Stag ing rarel y

exceeded 2 feet and large open wat e r areas appeared

frequentl y in the ice pac k. Surpr is ingl y little consol idation

of the ice pa ck had taken place . An explrnat ion for this

could be the s ha llow gradient of the channel th rough this

reach. If ve loc it ies rema in low then the ice will contin ue

ad vancing simply by ju xtaposition , ad vanc ing at a rate

proport ional to the ice d ischarge and channel con figuration.

Based on the rate of ice advance through this reach and the

uncon solidated nature of the ice cover , it is probable that the

Froude number at the leading edge remained well below the

critical va lue of 0 .08 so that no th ic ken ing of the ice cover

was necessary for upstream ice prog ression . Slush ice

observed at the lead ing edge was not submerging under the

existing ice cover . From RM 67 to RM 97 near Talkeetna, the

river remained free of shore ice even though a large volume

-35-
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of slush ice was cont in ually d r ifting downst ream . All of the

major tributa r ies to the Susitna below Ta lkeetna were st ill

flo wing and rema ined ice - f ree . The d ischarge f rom t hese

tributaries ke pt large a reas at the ir conf luences f ree of ice .

On October 28 , the ex ist ing ice cover recei ved a layer of

snow 183 mm deep . Observations on the 29t h r evealed no

f urt he r compaction of the ice pack . Open water areas

between the sl ush floes had froz en and were covered by

snow . The ice pack remai ned con fined to the thalweg channel

with the e xcept ion of some s id e channel conflu ences where

staging had c reated loca l backwate r pools into wh ich s lus h ice

had drifted . The leading edge of the ice pack on October 29

was near RM 97, just upstream from t he Parks Highway

Bridge and ad jacent to Su nsh ine Slough . The ice co ver

remained discontinuous however , with long open water areas

at the Ye nt na River confluence ne ar Susitna Station , the

Desh ka River co nf lue nce . Kas hw itna Creek, and Montana

Creek. These tr ibutaries were still f lowin g but s howed sig ns

of an ice cove r be g inni ng to deve lop . At RM 76, ~ h e cover

appeared ext rem el y loose pac ked with individual sl ush rafts

d isce rn ible wit hi n the cov e r . No movement was detec t ed and

the uncons olidated arrangement may ha ve been stable .

From R\1 76 upst ream to RM 87 t he ice cov e r was t hin and

d iscon t inuo us with long open wa t e r leads adjacent to Rabideux

Slough and in a s ide cha nnel t ha t exten d ed from ! mile be low

the confluence of Rab ideux C reek downstream fo r about 1

mile. The ice pac k was d ivert ing water into th is s ide channel

wh ich had begu n to develop an ice cover b y s lush ice

accumulation . The co nf luence with Mont ana Cree k was f looded

by an appro ximate 1 foot stage increase on the mainstem .

Rab ideu x Slough was breached through two entrance

channels . This was ind ica ted by flooded snow on ly and no

slush ice was flowing into t ile slough . The marg in of flooded

s now was part icularly ev ident nea r the Parks Highway

_____________.-w-
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Bridge, where it extended all the way to the northwest

abutment. The ice pack rema ined confined to the thalweg

channel along the southeast end of the bridge. No gravel

islands were observed to have been overtopped by the ice

pack. No telescoping of the ice cover was ev ident and the

ice pack rema ined in the narrow thalweg channel wh ich in

most areas const itutes only 20 percent of the flat , b ro ad r iver

channel.

The leading edge had ad vanced to RM 95 by November 2 at a

rate of 2.1 miles per day during the prev ious 4 d ays. The

stage had increased substant ially in the v ici nity of the

leading edge ca us ing water to flow out of the thalweg channel

and flood the surrounding snow cove r for several hund red

feet. Many s id e channels had filled with water and the

surface of the ice pack was near the veg e t at ion line along the

left (east) bank. The staging effects , howe ver, we re

confined to the eastern half of the river , where the ch annel

is s plit b y a forested island. The channel along the west

ban k remained d r y and snow covered .

By Novembe r 4 , r iver ice obse rve rs re po r t ed rapid and

e xtreme stage increases as the lead ing edge approached

Tal keetna (Table 4 . 2) . An ice jam at the Su s itna and

Chul itna confl uence had g reatl y reduced the volume of s lus h

ice flow ing pas t Talkeetna, slowing the rate of ice cove r

ad van ce s ubstant iall y . On November 2 a sta ff g age at

Tal keetna had been dry, with the nearest open water more

than 1 foot bel ow the g ag e . The staff gage was not aga in

access ible until after con solidation and freezing of the ice

pack on November 17 at wh ich t ime the ice surrounding the

gage corresponded to a reading of 3 .6 feet . This rep resents

a stage increase of over 4 feet at Talkeetna due to the ice

cover ad va nce .
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After the initial ice cover formation, the remainder of the

freeze-up process required considerably more time. Many of

the side channels that were flooded by the increased stage in

the mainstem gradually became narrower as shore ice layers

built up along the channel banks and the flow discharge

decreased . By early March , when discharge in the mainstem

had dropped to less than 4 ,000 cfs at Sunshine, most open

water had disappeared The continuous gradual reduction of

flow also caused the ice cover to settle . Where the sagging

ice became stranded, it conformed to the configuration of the

channel bottom and created an undulating ice surface. Open

water areas persisted throughout March in high veloc ity zones

but were ra re and generally restricted to sharp channel

bends and shallow reaches in side channels which had

originally been bypa.;sed by the ice front . Some side

channels and sloughs may receive a thermal influx form

groundwater upwell ing which would have been sufficient to

keep these channels ice free. An open lead located at the

end of the Talkeetna ai r s tr-ip remained all winter although it

gradually decreased in size.

The following sequence summarizes the highlights and general

freeze-up characteristics of the lower river from Cook Inlet to

Talkeetna during 1982-1983 .

1. Ice jam occurs at a channel constr-iction near the mouth

of the Susitna during a high slush ice discharge .

2. Rapid upstream advance of an ice cover by slush

accumulation.

3 . Thin , unconsolidated initial ice cover .

4. Minimal staging , 1-2 feet up to Sunshine, then 2-4 feet

near Talkeetna .
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e . Birch Creek Sloug h , min imal f low.

c . Rab ideu x S lou g h , min imal flow .

10 . No overtoppi ng of grave l is la nds.

or sp readin g out of th e ice cover d ue to

Ice cover gene rally is co nf ined to the

thal weg c ha n nel.

No t e lescop in g

co nsolida t ion.

d . Su ns hi ne Slough , upper e nd on ly , no th ro ugh flo w.

b . Goose C reek Slo ugh , no th rough f low .

a . Alexa nder S loug h, up per end on ly , no th rou gh

f low .

7 . The followin g s loug hs were b reached with only minim al

flow and little ice :

5.

6 . T r ib utaries co nt in ue d flowin g th rou gh Decembe r .

11 . Some s u rfa ce flow d iv e rted into co n nect ing s id e

c hannels .

12. Ice cove r saggi ng d ue to d ec r eas es in d isc harge .

8 . Flood ed s now alo ng c ha n nel margi n s , v a ria bl e wid t hs.

9 . High in it ia l wid th discha rges ( 16, 000 cfs at Su ns hi ne)

a nd low f inal disc ha rges ( 5,000 cf s ) .

13. Pe rs iste nce of open leads in s ide channel s a nd high

v e loci ty zon es th ro ugh Ma rc h .
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4 .3 .2

14. Surface area decrease of open water by steady ice

accumulations and decline of water table elevations .

15 . Thick , thermal gradient or clear ice buildup under slush

ice cover.

lG. Minimal shore ice development due to lack of sufficiently

cold air temperatures before ice cover advances .

Talkeetna to Gold Creek

Slush ice was first observed in the Susitna River at Talkeetna

on October 12, marking the beginning of freeze-up . Ice

studies during previous year's have observed slush ice as

early as Sep ternber-. In 1932 , however, no field crews

reported ice until after the snow sto rrn on October 12 . Ice

continued flowing , in varying concentrations , through the

reach between Gold Creek and T al keetna until November 2 ,

1932 when an ice jam occurred at the Susitna and Chulitna

confluence . This jam was the start ing point for the ice cover

that developed over this reach .

Events during the 22 days prior to the ice jamming at the

confluence are of significance and will be described first.

This reach of riv e r was subjected to colder air ternper-atu r-es

and more flowing slush ice than the river below Talkeetna .

Shore ice, therefore , had an opportunity to develop and at

several locations actually extended far out into the channel ,

effectively constricting the slush ice flow . The higher

velocities kept the slush ice moving through the constrictions

and no ice bridges formed primarily because of the steeper

gradient of this reach. At the Susitna and Chulitna

confluence, the flow from the Susitna enters an area of lesser

gradient a nd the velocity is reduced substantially.

-40-
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The Sus itna River contributes approximately 80 percent of the

ice while the Chulitna and Talkeetna Rivers combined produce

the remaining 20 percent. The high (4-5 ft /seclvelocities of

the Susitna keep the river channel open and push the slush

ice downstream . After entering the confluence area , the

masses of slush ice lose velocity and begin to pile up at the

south bend of the Susitna adjacent to the entering east

channel of the Chul itna . This process was observed on

October 18 , 1982. The slush was st ill mov ing easi ly through

this area but was covering all of t he open water for about 600

feet with a translucent sheet of compressed slush ice . The

status of this ice accumulation was monitored frequently

during October . On October 29, the ice was being

compressed and barely kept moving by the mass of the

upstream ice a nd by the water velocity underneath the cover .

The ice through this a rea was no longer translucent but white

si nce the slush had consolidated and inc reas ed in thickness

sufficiently to rise higher out of the water and partially

drain .

The ice constrictions being monitored on this reach were

located near Curry (RM 120 .6), Slough 9 (RM 128 .5) and

Gold Creek ( RM 135 .9) . S lush ice was passing eas ily th rough

these narrows o n October 26 but was being compressed into

long narrow rafts which us ua lly broke up within several

hundred feet . Unlike the confluence area, these constrictions

were formed by successi ve layers of frozen slush ice along

the shore .

A snow storm immediately preceded the format ion of the ice

bridge at the Susitna and Chulitna confluence. This storm

may have caused a substantial local increase in ice discharge

which could not pass through the channel at one time . The

result was a sudden consolidation of the ice Cover that

compacted the slush and at some point became shore-fast.

The cover remained stable long enough to freeze and increase
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in thickness. The majority of the incoming slush ice floes

accumulated against the leading edge and the cover began

advancing upstream. Approximately 10-20 percent of the

slush ice submerged on contact with the upstream edge and

either adhered to the underside of the cover or continued

downstream . Ice discharge estimates were substantially lower

after November 2 (Figure 4 .1). The most dramatic effect of

the ice consolidation at the confluence was flooding . The flow

capacity of the ice choked main channel was greatly reduced

and water spilled out from underneath the cover and flowed

laterally across the river channel towards the opposite

(north) bank . In addition , much water was diverted

upstream by the ice jam and also flowed into the new channel.

These diverted flows combined and entered the Chulitna east

channel approximately 1,500 feet upstream of the original

confluence . The total estimated discharge of the diverted

flow was 700-1000 cfs . The discharge at Gold Creek, on

November 2 , based on provisional USGS estimates , was

4 ,700 cf s , Therefore , 15-20 percent of the total flow was

bypassing the ice jam . There may have been substantial

channel erosion caused by these diverted flows. Subsequent

depth measurement through the ice located a isolated channel

about 700 feet from the left bank that previous cross section

surveys had not found . Only precise cross sectioning,

however , could conclusively dete rrni ne to what extent flow

diversions were scouring localized channels.

After the jam stabilized, the ice pack advanced slowly due to

the increased gradient. The slush ice could no longer

accumulate by simple juxtapostion as the high flow velocities

s ub.ner-qed the slush on contact with the leading edge. The

entire ice cover had to thicken in order to increase the stage

and lower the velocity before ice could continue accumulating

against the upstream edge.
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On November 9, 1982 the leading edge was beyond RM 106

near Whiskers Creek and the ice advance appeared to have

stalled . The upstream edge was located adjacent to the head

of a flooded side channel. The ice cover was staging in

order to overcome supercritical velocities at the leading

edge, however , with every ice pack consolidation and

subsequent increase in stage, more water poured into the side

channel and effectively prevented any extensive backwater

development upstream of the ice cover. This side channel

needed to fill with ice before the mainstem ice pack cou ld

conti nue the advance. T he water being diverted into the side

channel contained a high ratio of s lush ice to water vo lume

since only the surface layer of the mainstem flow was affected

and therefore , the channel quickly became ice - f illed .

The rate of ice advance was 1.6 miles pe r day for thirteen

days after passing Whiskers Creek . On November 22 the

leading edge was s ' tuated adjacent to Slough SA with the total

discharge, estimated from Gold Creek , at 3 ,300 cfs , a

dec rease of 900 cfs si nce November 9 . The ice cover had

staged approximately 3 .4 feet and was overtopping the berm

at the head of Slough SA. At the mouth of S lough SA , near

Skull Creek , the estimated discharge was 138 cfs. Much

slush ice was carried in the flow and accumulated in low

velocity pools . Within 5 days this slough had developed an

ice cover of consolidated slush from the mouth to the head

nea r RM 126 .5 . However , the cover was extremely unstable

and as the water level dropped in the slough , the ice

co llapsed over the channel a nd eventually disappeared ,

leav ing 1-2 foot layers of stranded ice on gravel bars and

open water in long narrow leads .

The ice cover was very slow in adva ncing throug h the shallow

section of r ive r between Sloug hs SA and 9. On December 2 ,

a sudden rise in the water tab le at Slo ugh 9 , recorded

e lectronically in a ground water well, indicated the prox imity
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of the leading edge (Figure 4 .4). The well was located

adjacent to RM 129 .5 giving an advance rate of only 0 .3 miles

per day for the previous 10 days even though high frazil

slush discharges were estimated at Gold Creek (Figure 4.2).

This may reflect the consequences of the staging into Slough

8A which were similar to those observed in the side channel

near Whiskers Creek and described earlier.

On December 9 the leading edge had reached RM 136 , just

downstream of the Gold Creek Bridge . The ice cover advance

was stalled here and remained for over 30 cays as the ice

needed to accumulate in thickness before it could stage past

this high velocity channel constriction. Ice discharges

estimated at Gold Creek steadily decreased through December

primarily because the upper r ive r was freezing over ,

eliminating the air/water interface needed for frazil

production . Finally, on January 14, 1983 the leading edge

crept past the Gold Creek Bridge at a rate of 0 .05 miles per

day. The discharge on January 14 at Gold Creek , based on

provisional USGS estimates, was 2,200 cfs , see Tables 4.3 to

4 .6 .

The processes of ice cover telescoping , sagging , open lead

development and secondary ice cover progression are

important characteristics through this reach and deserve

comment . Telescoping occurs during consolidation of the ice

cover . When the velocity at the leading edge is subcritical.

ice floes drifting downstream will contact the edge , remain on

the surface , and accumulate upstream by juxtaposition at a

rate proportional to the concentration of slush ice in the flow

and channel width. This bu ildup will continue until a critical

velocity is encountered and the leading edge becomes unstable

with ice floes submerging under the ice cover . This

accumulation zone can be extremely long and is generally

governed by the local channel gradient, amount of staging
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and extent of the resulting backwater (Figure 4 .3 and Table

4 . 8 ) .

The pressure on a th in ice cover inc re ases as ice mass bu ilds

up and h igher veloci t ies are reached in conjunction wit h

upstream ad vance . At an undete rmin ed critical pressure , the

ice cover becomes un stable and fa ils . This sets off a cha in

react ion and within seconds the entire ice sheet is mov ing en

masse d ownstream . This represents the consol idation phase

of ice cover stab ilizat ion . Severa l miles of ice co ver below

the leading edge can be affected b y consolidation. The

res ults of t h is p roces s are a s ho rten ing of the ice cove r ,

substantial th ic kening as the ice is compressed , a stage

inc rease, and telescop ing . The st age inc re ase is caus ed by

the ice t hickeni ng wh ich creat es a local restricti on t o flow.

The telescop ing oc c u r s onl y du r ing each consolidati on . As

t he ice compre sses d owns tr-eam , tremendous press ure s a re

exe rted on the ice cover bel ow the accumu lation zone . He re

the ice mass will shift to rel ieve the st resses exe rted on it b y

the up stream cover , oft en becomin g th ic ker in t he p rocess .

Th is will tend to further constrict the flow resulting in an

increase in stage. As t he stag e inc reases , t he e nt ire ice

cover lifts and an y ad d it ion al p ressures within the ice cover

can then be re lieved b y late ral e xp ans ion of the ice across

the r iver chan nel. Generall y th is p roc ess can co nt in ue u nt il

the ice cove r has expanded bank to ba n k or en counters some

ot he r obs t r uct io n such as gravel isl a nd s on wh ich the ice

becomes stranded .

The ice cove r ov e r wat er filled channels will con t inue to floa t.

Because of constant co nt act with the flowing water , the ice

cover e rodes rap id ly , saggin g at f irst and eventua lly

co llapsing. In so me reaches these ope n leads can e xtend fo r

several hundred ya rd s . The lengths and widths of these

leads , as we ll as rates of collapse and seconda ry ice cover
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development can be determined from aerial photographs

(Table 4 .9).

A secondary ice cover generally accumulates in the open leads

and usually completely closes the open water by the end of

March. The process is similar to the initial progression

except on a smaller scale . Slush ice begins accumulating

against the downstream end of the leads and progresses

upstream . Generally it takes several weeks to effect a

complete closure.

Ice cover sagging , collapse, and open lead development

usually occur within days after a slush ice cover stabilizes .

A steady decrease in flow discharge gradually lowers the

water surface elevation along the entire river. Also , the

staging process which had raised the water surface within the

thalweg channel tends to seek an equilib rium level with the

lower water table by percolating through the gravels of the

surrounding terraces . Percolation of river water out of the

thalweg channel and the subsequent charging of the

surrounding water table is currently under study. This

process is being documented by recording the relationship

between mainstem water surface elevat ions and relative stage

fluctuatons in groundwater wells located on terraces near

Slough 9 , (Figure 4 .4) . Examinat ion of aerial photographs of

the sloughs taken during the ice cover advance up the

mainstem re vealed an increase in the wetted surface area.

This increase was due to a rise in the water table since the

sloughs are generall y isolated from the mainstem at discharges

of less than 25 ,000 cfs and the average discharge at Gold

Creek in December is under 4,000 cfs .

Many sloughs receive flow from groundwater seeps throuqho-rt

the winter. This continuous thermal influx (4°C) prevents a

stable ice cover from forming . The seeping water originates

from the unconsolidated gravels underlying the surrounding
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terraces and r iver bed . Th is intragravel watert a bl e tends to

permeate through the inte r s ti ce s at a rate dependent on the

poros ity and grad ient of the gravel bed . If a scarp or

ch annel should int e r sect th is r ive r ine wate rtable at an

e le vatio n be low t he local wat e r s u rface then seeps will a p pears

along the ban k, or fill the inte r secti ng channel. The wate r

surface in the c ha n ne l will then reflect the adjacent

watertab le e levatio n . Once e xp osed t he water will foll ow the

sha llow g ra d ient of t he s lough .

This re lative ly warm, laminar flow will develop ice along t he

margins wh ich may cons trict th e surface area to a narrow

lead . This lea d howeve r , rare ly freezes ove r and ofte n

e xtend s fo r thousands of fee t dow nst ream, ( Ta b le 14) . Open

water was ob se rved all wint e r in the following s lough s a bove

the Chu litna conflu en ce :

S loug h 7

Sloug h 8A

Slough 9

Slough 10

Slough 11

Slou gh 16

Slough 20

Slough 21

Sloug h 22

As p rev io usl y d esc r ibed , Slo ugh 8A was the only slo ug h

breached b y slush a nd consequently the only one to devel op a

continuous ice cover . The thermal inf luence of g roundwater

however , q uic kly eroded throu gh the frozen s lush ice cover

and an open lead remai ne d for the duration of winter .

The 1982-1 983 freeze - 'Jp characteristics on the Sus itna River

between Tal keetna and Gold Creek are summarized as foll ows :
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1, Fraz il ice plumes appearing as early as September but

mo re commonly , in early October ,

2 . Ve loc it ies between 2-5 ft/sec .

3. Discharges at Gold C reek rang ing from 4 , 900 cfs o n

November 1 to 1, 500 cfs b y the end of March .

4 . Ice jam initiat ing the ice cover progress ion f ro m the

Sus it na /C h u lit na confl ue nce .

5 , Gr ad ual ly dec reas ing rat e of ice advance f rom 3 .5 miles

pe r day near the co nfl uence to 0 .05 miles pe r day at

Gold Cree k .

6 . Flow di versi on s into s id e c ha n ne ls and sl oughs .

7 . Ice constri c t ion s by bo rde r ice g rowth.

8 . Stag ing , commonl y from 2-4 feet.

9 . Ice pac k co ns olida t ion .

10 . Telescopi ng of ice cover lat e ra lly ac ro s s channel .

11 . Sa g g ing ice cove r .

12. Open leads and sec on da ry ice covers .

13 . Be r ms b r each ed at Sloug h 8A .

14 . Stag ing effect s on the local wat e r tab le.

15 . Thermal inf lux by g rou nd water seepage p revents ice

co ver formation in sloughs that are not breached and

inundated with s lus h .
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4 .3 .3 Gold Creek to Devil Canyon

The f reeze-up p roces ses affecti ng th is r iver reach are vastly

d ifferent from t hose responsible for ice co ve r development

below Gold Creek . Although the a ir t emperatures he re d o not

va ry cons iderabl y from Sherman o r Tal keetna , th is reac h

unde rgoes much shore ice growt h, development of anc hor ice

d ams, and ove rflow primarily becau se of the long period

req uired for the ice pa c k to ad vance int o this reach . In

fact , most of t h is reach had fro ze n ov e r b y ot he r mea ns

before the lead ing edge of the ice progressed past Gold

C ree k . The refo re , t he lead ing ed g e was e xtremel y d iffic u lt

to follow an d event uall y became indi s tin g u is hab le jus t below

the Indian Riv er con flu ence. Bec a use short -te rm cha nges in

ice cover d eve lopm e nt in th is reach a re d iff ic u lt to detect , a

des cr iption of the g ene ra l processes inv olved rathe r t ha n a

chronolog y is prov ided here .

The most s ig n if ica nt features of freeze -up between Gold C ree k

and Dev il Ca nyon are wide border ice layers, ice accr et ion s

on rocks s u r ro u nded by border ice , a nd format ion of ice

cove rs over ed dies. Gradu ally, the bo rder ice laye r s

co ns tri ct t he chan nel to a width of 20-30 feet befo re they f ill

with slush a nd freeze ov e r. Frazil and frazil slu sh tends t o

be d ra wn into t he t u r b u len t eddies behi nd large bo ulders in

the st reamflow . These edd ies can ha ve nea r zero ve locit ies

on the s urface , so often t he floa ting s lu s h adhered to the

roc k or to other s lush ice and freezes . Th is s u rface lay er of

ice may cont inue accumulating slush u nti l the enti re eddy area

is frozen ov er.

Ice d ams have been ident if ied at seve ral locations be low

Portage Creek . Gene rall y , t he dams form wh en the roc ks on

which the frazil adheres are located near the water surface .

When air t emp eratures a re cold ( < -lOoC). the ice cove red
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rocks will continue accreting add itional layers of frazil until

they break the water surface.

These dams effectively inc rease the water turbulence which

may , in turn, stimulate frazil production and thus accelerate

ice dam formation . The ice dams are often constricted by

border ice . This creates a backwater area by restricting the

streamflow so that it can only pass over the ice dam . This

subsequently causes extensive overflow onto the border ice .

The overflow will bypass the ice dam and re-enter the

channel at a point further downstream . Within the backwater

area, slush ice accumulates in a th in layer from bank to bank

and eventually freezes .

An ice bridge generally forms early in November just

upstream of the Portage Creek confluence . This ice bridge

does not , however, initiate an ice cover progression because

of its proximity to a shallow rapids with velocities

supercritical for ice cover formation .

This reach from Gold Creek to Devil Canyon freezes over

gradually and much later than the lower river . It is

generally ice covered by early March , a full two months after

the river downstream of Gold Creek has developed a stable

ice cover . The delay can be explained by the relatively high

velocities encountered despite the low discharges and the

absen ce of a conti n uou s ice pack p roqr-es s ion through the

reach. Also, the relatively warm discharges from Portage

Creek and Indian River tend to keep the river free of ice

until the flows from these tributaries become insignificant

relative to the Susitna discharge.

To summarize, the follow ing are the significant freeze-up

cha racteristics of the river reach between Gold Creek and

Devil Canyon .
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1. Steep gradient, high velocities , single channel.

2 . Minimal continuous ice cover progress ion, usually only

formation of local ice covers separated by open leads.

3 . Late freeze-over , generally in March.

4 . Extensive border ice growth , very wide layers of

shore-fast ice .

5. Constricted channel, nar rowed substantially by border

ice.

6 . Ice dams c reat e loca l backwater areas which for m ice

covers .

7 . Ice covers over eddies which form behind large boulders

in streamflow.

8 . Some telescop ing , usually not widespread .

9 . Minimal staging .

10 . Extensive ove rf low .

11 . Few leads ope n ing af t e r initial ice cover .

I

12. No sloughs breached ,

channels .

13 . Minimal ice sagging .

no d iverted flow in to side

f

I I
,

14 . Thermal influx by g roundwater seeps keeps sloughs ope...

all winter .
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4.3 .4 Devil Canyon (to Devil Creek)

The Geophysical Instit ute of the Universi ty of Alaska,

Fairban ks , furni sh ed a time-lapse ca mera so tha t t he ice

cover fo rmation in De v il Ca nyon cou ld be docume nted . Ice

processes occurring in t h is area have not been well

unde rstood s ince d irect ob ser-va cio n is often imposs ible. T he

camera was mounted o n the so uth rim of the can yon , adjacent

to the centerl ine of the p roposed dam . The reach to be

f ilmed extended downstream of th is s ite fo r appro ximately a

ha lf mile (F igure 4 .5) . This area seems to acc umulate t he

t hic ke s t ice co ver not on ly in the can yon but also on the

entire Susitna Rive r . Surveys conducted in the canyon

during the p revious 2 winters have measured ice shelf

t h ic kn es ses up to 23 feet (R&M 1981c) . This thickeni ng is

known to have occur red in stages, each adding a ne w laye r

of ice on top of the ex is ti ng cover . T he d uration a nd

mechan ism of th is event could on ly be determined by direct

ob se rvat ion of eac h ice flood . The sequence of events was

the refore fil med by a rem ote. 8 mm movie earner-a programmed

to e xp ose 20 f rames every hour on t he hour . T he ca me r a

was ins t a lled on October 18, 1982 and was allowed to run

continuously u n t il Februa r y 7, 1982. On t he day of

installat ion , o ne ice advance and subsequent ice cover

coll apse had a lready occur red . depos it ing approx imatel y 2 feet

of ice on t he bou lde r strewn c ha n nel ba nks .

The fol lowi ng chronologica l sequence of even ts was co mpiled

from examinat ion of the fil m. The descript ions will beg in on

a daily bas is when much ice acti v ity was documented and

t ape r to weekl y and the n month ly desc r iptions as fewe r

cha nges were obse rved . Air temperatures (mea n da ily °C)

were ob t a ined f rom the meteorolog ica l reco rd of the Dev il

Ca nyon weather station . Streamflows are prov isiona l est imates

from the Gold Creek Stat ion and a re subject to rev ision by

t he U. S . Geological Su rvey. Ice thicknes ses are estimates
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from the film record . Meas urements were attempted du ring

ice fo rmation , however, the ice cover remained to o unstable

for helicopte r land ings.

October 18, 1982 Air temperatu re -5 .0oC , discharge

6 ,720 ds . The channel appeared open with no ice b r idges

and no constrictions. There was 1-2 feet of shore-fast ice on

the channel banks .

October 19 - Air temperature -3.2°C , discha rge 6 ,900 cfs . It

was snowing hea vily and the c ha n ne l was partially obscured .

It appeared to be completely filled with slush ice with no open

water visible. Staging of at least 3-4 feet was evident. The

channel remained ice covered throughout the day and the

snow ended about 2 p , m.

October 21 Air temperature -9 . 5° C . discharge 6,500 cfs .

No significant changes as the channel remained ice covered all

day with no open leads appearing. The weather was clear

and sunny with swaying trees ind ica t ing high winds .

October 22 - Air temperature -9 .6°C , discharge 6,200 cfs ,

The ice cover began to sag in the center of the channel .

The water level remained relati vely high and the depress ion

filled with water. Th is was probably not over-flow. but

instead the res u lt of ice dropping below the water surface.

The sag g ing center of the ice cover rap idly eroded and

lengthened . The sides of the now open lead continued to

calve off into the open water and the ice fragments
disappeared .

October 23 - Air temperature -9.8°e , discharge 6.000 cfs . It

snowed heavily early in the morning tape ring off around

10 a .m . Open leads were clearly visible in the high velocity

reaches . Water saturated ice remained in some areas of lower
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velocity where erosional forces were not as severe .

change was noticed du ring the day.
Little

October 24 - Air temperature -10.6°e, discharge 5,900 cfs.

Large volumes of frazil were flow ing in the open channel. An

ice cover had again formed over the downstream portion of

the open water lead . The upper portion remained open where

apparently the water velocities were sufficiently high to

prevent further ice cover progression at the preva iling ice

discharge . During the day, the ice cover over the lower

reach rapidly deteriorated by sagging and erosion . The

floating ice co ver was now sagging so far down that it

sheared vertically from the shore-fast ice and floated within

the open lead (Photo 21). This subjected the fragmented ice

cover to the full velocity of the water which quickly eroded

the ice away. The floating ice seemed to ride very low in the

water, at times submerging completely . This is probably -d ue

to the high porosity of the slush ice which initially formed

the cover .

October 25 - Air temperature -12.8°e, discharge 5,700 cfs.

Thet-e were no apparent changes as part of the channel was

still partially covered and the remainder was choked with

floating water saturated ice. Ice shelves on the banks were

approximately 3-4 feet thick.

October 26 - Air temperature -15 .4 °e. discharge 5,600 cfs .

The images of the canyon were obscured by heavy fog but

the channel seemed to be ice covered with no open leads

discernible.

October 27 - Air temperature -19 .loe, discharge 5,400 cfs.

There were no apparent changes. The ice cover rema ined

intact and no water was visible .
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October 28 - Air temperature - 13 .2°C , discharge 5,300 cfs .

Overn ight , an open lead developed in the upstream rapids

section . No further changes were noted on this day.

October 29 - Air temperature -13 .3°C , d ischarge 5, 200 cfs .

Fog ag ain partially obscured the imag es . The open lead at

the upstream e nd of th e reach expanded in width and length .

It appeared to be op e n for its enti re wetted width and no

overhang ing ice shelves remained . This ope n water reach

e xtended upstream ou t of the fi eld of view. Another open

lead about 300 feet downst ream of the upper lead continued to

increase its length by collaps ing at both ends . By the end

of the day , the tw o ope n leads had extended to with in

50 -75 feet of each other .

October 30 - Air temperature - 19 .1 °C , d ischarge 5,1 00 cfs .

The f irst hour of da yl ight showed a long open lead partially

obscured b y fog . Ap pa re nt ly , th e two leads of October 29

merged ov erni g h t when the ice bridge separating the lea d s

collapsed and formed a nar-row channel. The channel then

widened cons iderably and the downstream end was located jus t

above the south ri ver bend . The upstream end was not

visible , howe ver , the upstream reach th rough the canyon is

generally open because of e xt reme tu rbulence and high

v elocit ies .

October 31 - Air t emperature -1 5 . 9°C . dis ch arge 4 . 900 cfs .

The channel constriction of Octobe r 31 closed aga in ,

separatin g the open wate r reaches by ab out 75 feet of ice .

Th is ind icat es the location of the deep pool surveyed in 1981,

where flow ve loci t ies tend to allow gradual accumulation of

f razil slush against the c ha n ne l ban ks ( R&M, 1981c . About

1 p .m . , th is ice closu re began to e rode along the left bank .

November - Air temperature -4 .5°C , discharge 4 ,800 cfs .

The f irst exposure of the day revealed one long ope n lead
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running almost the entire length of the visible canyon . The

border ice shelves were the only ice rema in ing with in th is

reach of the canyon . These appeared to have t h ic knesses

e xceed ing 10 feet in some places , particu larly at the u ps t ream

channel constriction . Th is is a lso usua lly t he f irst area to

bridge over .

November 2 - Air tempe rature -5 . l oC , d ischarge 4 , 700 cfs .

A high volume of ice seemed t o be flow ing and an ice cove r

was accumu lat ing in the lower canyon reach . The ch an nel at

the most downst ream end was fil led with slush . Several

advances of 20-30 fe et we re visi bl e du ri ng the day . T hese

were followed b y consoli d atio n phases d uring which the ice

cover was compressed and the net stage inc reased .

November 3 - Air temperature -7 .8°C, discharge 4,600 cfs .

T he ice cover ad vanced about 100 fe et ove r night . T he cover

appea red to be t hin and d id no t come close t o the top

elevation of th e s hore ice. Although much ice was ev idently

flowin g , it all seemed to be submerg ing unde rneath the

e xisting cover an d not accumulating again s t th e lead ing edge .

This ind icates t hat the ice cover was th ic kenin g at so me point

downstream . No app reciable upstream ad v ance occ ur red on

th is day.

November 4 - Air t emperature -2.9°C, d ischarg e 4 , 500 cfs .

T he ice cover had not adva nced s inc e t he previou s day but ,

ins t ead, ha s t h ic kened and staged s ubsta nt ia lly . In the lower

reach, t he d iffe rence in e levat ion between t he top of the

s hore ice an d t he ice cove r in the channel was no less t han

2 feet .

Novembe r 9 - Air temperature - 7 . 1° C , discharge 4 , 100 cfs.

little change was apparent in the ice reg ime d espi t e a high

volu me of flo wing ice .

- 56-



I s6/ ii32

I

I

I
I

I

I

I

I

I

I

I

I
I

I
I
I
I
I

November 14 - Air tempe r at u re - 6 .2 °C, discharge 3 , 800 cfs .

The past 5 days s howed little change in the s hape o r si ze of

the ope n lead ex cept for minor advances of 10-20 feet at t he

lea d ing edge . T hese subsequent ly co nsol idated, reloca ting

the ice fron t to it s origi nal po s ition . On th is day t he ice

co ver f ina lly closed the lower canyon reach . T he upper lead

remained open but a ve r y h ig h vo lume of slush ice co u ld be

seen f lowi ng within th e lea d. Th is sudden increa s e in s lus h

ice concentrat ion was proba bl y related to th e rap id ice cove l'

format ion in t he lower canyon . A co r re lation bet ween s nowfall

on Novembe r 14 and ice di scha rg e can be seen and is

illus t ra t ed in Fig u re 6 .

November 15-21 - Discharges from 3 , 700 cfs dow n to 3 , 40')

cfs . Ice covers that formed repea ted ly ove r the lowe r ca nyon

reach but seemed to be ex t remely unstable. The covers

t ypically las ted o n ly a few d ays and destruction gene rall y

occurred coi nciden t wit h a d ec r ease in ice di s ch a rge . The

d u ra tion of ice cover d et e riora tion was variab le and p robablv

d epended on veloci t y as well as cl imatic conditions .

December - January - Dis cha rg es fell from 3 , 000 cfs dow n to

2 , 000 cfs . No new p rocesses were observed dur ing th is

pe riod . Sn owfalls continued to s t imulat e heavy f r azi l ice

load ing and s ubs eq uent ice cover progression throu gh the

canyon . T he ice cove r ov er t he reac h fin a lly stabilized . T he

f inal 20 da ys of f ilming showed that the ice cover over the

lowe r r eac h began from the bo rder ice con strict ion and

e xtended beyond t he sou th r iv e r bend . This cove r did ,

however , eventually devel op c rac ks . A sag ap peared , t he ice

fi na lly collapsed, an d open water showed through . The final

exposu res , in February , clearly showed the ice cover

beginn in g to fai l along it s ent ire length . T h is seems to

indi cat e that the ice co vers wit hi n th is nar row and tu r b ule nt

r iver reach are inheren tly un s t abl e.
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The nu mber of ice cover advances totalled 6 on the lower

reach and 3 on the upper. This difference is due primarily

to a steeper gradient and thus, higher ve loc it ies and

turbulence in the upper sect ion . Only during extreme ice

d ischarges did th is reach form an ice co ver . The in it ia l ice

cover developed in October over both reaches but rap id ly

eroded away ·Ieav ing only remnant shore ice . The second

major ice cover event occu r r ed in December with the f inal ice

co ver forming in January. All of the major ice ad vances were

related to heavy snowfalls. A storm in January left an ice

co ver on the lower reach wh ich appear -ed to be stable. The

low discharges in January probabl y resulted in s ubcrit ical

veloc ities which cou ld expla in the longev it y of th is ice cover.

Some interesting aspects ab out the f reeze -up of Devil Canyon

were observed over the pa st season and deserve comment .

Certa inly the most unique ch aracteristic of Devil Canyon ice

is the g r eat ice thickness . With each ice event, more ice is

deposited on top of the relat ivel y s t ab le shore -fast ice . The

shore- fast ice creates an unnaturall y na r row channel whi ch

essentially decreases the water and slush ice -ca r ry ing

capacity of th is reach. Con sequentl y , when staging occ u r s

the slush must r ise a nd therefore , even with relati vel y small

fluctu at ions of flo w, extreme staging may occur . The width

of the winter channel is controlled b y the steep canyon walls.

Sh ore ice is ini t ia lly formed b y an Ice cov e r anch o r ing to

boul d e r s a long th e ch a n ne l bank s . Thi s shore-fast ice was

not affected b y winter flows since the ice was deposited well

above the normal water su rface . Only during rap id staging

events was the flow con stricted, Apparentl y , the ra p id rise

and decline of the wate r surface does not erode the shore ice

sign if icantl y ,

Ce rtain sections wit h in Devil Canyon are the fi rst areas on

the Su s itna to form an ice b ridge and develop an extensi ve

ice cover . Ice covers of one mile in length have been

-58-
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4 . In heren t ly un s t abl e ice covers , ev entua l co llapse long

before break up.

3 . Fo rmation and erosion of ice covers several times duri ng

t he winte r.

1 . Narrow, confi ned c hanne l wit h h igh flow ve lociues a nd

tu rb u le nce .

observed to form about t wo miles below t he Dev il Creek

co nf lue nc e as ea rly as Octobe r 12 , despi te relatively warm a ir

tempe ratu res.

Devil Canyon to Watana

5 . Ext r eme staging and ice t hicknesses up to 23 ft .

2. Ea rl y fo rmat ion of ice bridges and loosel y pac ked slush

ice covers .

To s ummari ze the hig hlig hts of freeze-u p in Devil Ca nyo n:

Th is sect ion of t he river has not been t ho rou g h ly s t ud ied.

Howev e r, some genera l co mments on t he freeze -u p processes

affecti ng t his reach can be made . T he se are ba sed mos t ly on

ice formatio ns observed during b r-eak up afte r t he s now had

melted off of t he ice cover .

An accu mula t ion of border ice laye r s is p r imarily re spons ib le

for t he ice cove r devel opm ent. The bo rder ice often

co nst rict s th e open wate r channe l to les s than 30 feet . T he

sl us h ice th en jams in betwee n t he sho re-fas t ice and f reezes .

fo rming an unb roken , un iform ice cover acros s the r iver

channel. However , s ince t his proc ess does not occur

simultaneously over t he enti re reach, a very d isconti nuous ice

4 .3.5
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4 .3 .6

cover results . Open leads gene rally abound unti l ea rly March

when t he combination of s nowfal l and overf low closes mos t of

the opening : .

Characteristics of freeze-up between Dev il Canyon and Wa t a na

are summarized as follows :

1 . Extremely wide accumulatio ns of bo rder ice layers .

2 . Gradual fi lling of the narrow ope n channel with slush

which f reezes and forms a cont inuou s ice cover .

3. Extensive overflow and flooded snow .

4 . Mi n imal stagi ng o r telescop ing .

5 . Low discharges .

6 . Shallow water and moderate velocities .

7 . Minimal ice sagg ing . fe w leads openi ng after in it ial

freeze-up .

8. Extensive an c ho r ice with h ig h sed ime nt concentrations .

Ice Cove r at t he Pea k of Deve lopme nt

The ice cover on the Sus itna River is extremely d ynamic.

From the mome nt th at t he ini tial cover forms. it is ei ther

thickening o r eroding . Slush ice will adhere to the unders ide

of an ice cove r in areas of low velocity and cold t emperatures

will subsequently bond this new layer to th e surface ice.

Tabl e 4 .7 lis ts S us it na ice cove r th ic kn es ses from Wata na to

t he Chu litna conflue nc e . These mea su reme nts re p rese nt t he

cover at maximum development in 1983 .
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impe rmeab le cov er .

compacted s lus h

decrease t h rough

grounded o n th e

of t he cover ,

Disc har-q es in Mar-ch are genera lly at the yea r ly reco rd low,

reducin g t he f lowi ng . Water to a s ha llow a nd nar row t ha lweg

cha nnel as indicated by a depression in th e ice cover. T he

dep ressions fo rm short ly after ice cove r fo rmat ion whe n th e

T he resu It is th e forma t ion of r igi d laye r s at

t he la ye r s rep resen tinq the f reque nc y of

pe r iod s . By t he e nd of Marc h , the Susi t na

essen t ia lly metamo rp ho sed in to a s tiff and

ice is fl e x ib le and porous . Water le vel s

Ma rc h a nd the f loa t ing ice cove r is ofte n

river bottom. Water g rad ua lly percola t es o ut

and a lte rnating laye r s of bo nded a nd

un consoli dated ice crysta ls fo rm withi n t he ice pack whe n t he

r eceding leve l of saturated s lus h free ze s at e xt reme ai r

If the ice cove r cou ld ever be co nside red s ta bl e it wou ld be

at the he ight 0' its maturit y in Marc h . Du r ing th is period of

t he winter, snowfa lls become less frequent and very little

frazi l s lus h is g e nerated . T he on ly wa ter con tact wit h air

occurs at th e num e rous open leads wh ic h persis t ov er

tu r b ul ent reaches o r groundwater seeps. T hese are us ually

of s hort le ngth a nd the refo re mini mal heat exchange t akes

p lace . Ta bl e 4.9 p r ese nts the loca tio ns and di mensio ns of

most a n nually rec urr ing lead s betwee n S u nshi ne and De v il

Canyon .

temp er at u r e .

ra ndom levels ,

cri tica lly co ld

Ri ver ice has
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TABLE 4. 1

SUSIT NA RIVER SURFACE WATER TEMPERATURE PROFILE*
SEPTEMBE R 1982 - OCTOBER 1982

Water Temperatu re °C

Mean Mea n
September 1-30 , 1982 Mi n . Max . Mean 9/ 1/82 9/31/82

Above Yent na Rive r , RM 29 .5 4 . 0 9 .5 7. 0 8. 5 4 . 7
Park Hig hway Br idge , RM 83 .9 4 . 1 9 . 0 6 .3 8 .0 4 . 6
Tal keetna Fish Ca mp, RM 103 .0 4 .4 9 . 9 7.0 8 . 7 4 . 9
Cur ry , RM 120 .7 4 . 5 9 .1 6 .8 8.4 4. 5
LRX- 29, RM 126.1 3 . 8 10. 0 6 .8 8 . 6 4. 0
Devil Can yon , RM 150 .1 4 . 0 9 .5 6 .8 8 . 5 4 . 0

Wate r Temperatu re °C

Mean Mea n
October 1-17 , 1982 Min . Max . Mea n 10/1 / 82 10/31 / 82

Above Ye ntna River , RM 29. 5 0 .0 5 . 0 1. 9 4 .8 0 .0
Parks Highway Br idge , RM 83 .9 0.2 4. 6 1. 2 4 .6 0 .2

Talkeetna Fish Ca mp, RM 103 .0 0 .2 4 . 9 1.2 4 .7 0 .2
Cu rr y I RM 120 . 7

LRX-29 , RM 126 .1

Devil Ca nyo n , RM 150.1 0 . 0 4 .0 1.8 3 . 5 0.5

* These dat a we re obtai ned from published reports by Alas ka
Department of Fish & Game, Sus itna . Temperatures we r e recorded on
a thermograph at all s it es except Devil Can yon which was recorded
e lect ro nica lly , (A DF&G, 1982) .
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Re lati ve ele vations based on an arb it rary dat um.
Prov is ion al data s ubject to rev is ion by t he U. S. Geolog ical Su r ve y , Wa t er Res ources
Div is ion , Anchor age , Alaska .
Vis ua l es ti matio n ba sed on one da ily observa tio n usually at 9 a.m .

TABLE 4 .2

SUSITN A RIVER AT TALKEET NA
FREEZEU P OBSERVAT IONS ON THE MA INSTEM

. 01

.03

. 09

. 09

.09

. 10

. 10

. 10

.20

.20

.30

.40

.40

.40

. 40

.40

. 40

3 .30
3 .30
3 .30
3 .30
3 .30
3 . 30
3 .30

Ice

T hic kn ess
«o

o
10
o

30
30
25
25
25
20
30
60
70
75
80
90
90
90
85
80
80

80
60
50
40
50
50
70
80

100
100
100
100

~ Ice
in Cha nne l

Staff Discharge
Gauge( 1) @ Sun sh ine (2)

Date illL (efs)

October ]982
12 1.65 20 ,000
13 1.68 20 ,000
14 1. SS 20 , 000
15 1.42 19, 000
16 1.25 18,000
17 1. 30 17,000
18 1. 24 , :;·000
19 1.23 17, vv'O
20 1.20 17, 000
21 1. 15 16, 000
22 0 .98 16, 000
23 0 . 97 16, 000
24 0 .40 15 , 000
25 15 , 000
26 - 1. 00 14, 000
27 -1. 50 14 , 000
28 -1. 50 14 , 000
29 - 1. 50 13, 000
30 -1. 50 13, 000
31 -1. 50 13,000

Nove mber 1982
1 2 .50 12, 000
2 1 . 54 12, 000
3 1. 52 12, 000
4 11 , 000
5 " ,000
6 3 .60 (Top of ice afte r freezeup )
t 3 .60 " , 000
8 3. 60 " ,000
9 3 .50 10,000

10 3 .60 10, 000

" 3 . 60 9 ,300
12 3.30 9,800

1.
2.

3 .

I
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TABL E 'L 3

~US I T NA RIVER AT GO LD CRE EK
F1l [ [ Z [-UP OBSFRVAT IONS ON TI l E MA IN STEM

Oc t obe r 198 2

'"..

ua t.e

DeL. 19
20
2 1
22
2 3
7'.
2~

26
U
28
29
30
3 1

Go l d Cr ee k
HCHII A i r wa t.e r- I c e i n

n i scba rye ( 1 ) Iempe ru tu re ( ~~ ) r empe r-a t.ure (3 1 Churme I (If)
-l.£.f§.L 1 ° C) ---.1 Qc I .......lU

6900 -l . J, 0. 65 'JO
6800 - 5 . 0 0 . 80 '106500 - 5 . 6 1 . 0 0 60
62011 - 11 . 1, 0.90 60
6000 -9 . 2 0 .80 6~59 00 - 7. 8 i .no ~O5"(00 - 10 . 0 1 . 00 60
5 ()Oll - 1'1. 'I 0 . 5 0 60
51100 -13 . ll 0 . 20 6~5300 - '/ ,8 O. flO 65
5 ?'tlO - 6 . 9 0.00 70
2 100 -1 8 . 3 0 , HI "10
' 19 UO - 17 .8 0 .00 70

Bo r de r I c e
Th iGkfle SS

( f tl

s l ush
s l ush
s l us h
0.3
0 . 3
0 .3
0 . 3
0 .3
0 . 4
n.u
0.5
0. 7
0 . 7

Sno....
De pth
l...!:1.L

0.6
n.6
0 .6
0 .6
0 .6
0 .6
0 .6
0 . 6
u.6
1. 0
1. 5
1. 5
1. 5

wen t he r

Snu.....
C loudy
Wi nd y / Sunny
Windy/ Sunn y
Windy / Sllnn y
Pa r tl y C loud y
C l u udy
C loudy
Su nny
Sn o.....
Snu,",
Sunny
Su n ny

1 . Pruvi si ona l d a ta s ubj ec t to r e vi s ion by t he U. S. Geo log ica l Su rvey. wa t.e r- Resou rces Div is ion, An chorage. A laska.

2 . Ave rage va l ue o f thc tl .1Y S minimum a nd max imum t emp e r atu r e .

3 . na sed o n o ne i n s t.a n t n nnou s mea su r ement, u sual l y t aken a t 9 a. m. dail y .

'I . Visua l e s t Imu t e ba se d U ri une i n s t a n t a neo u s o bserva t ion . us ua l ly a t 9 a vm. da i I y .
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lABL [ 'L4

SUSI TNA R1Vf R AT GOtO CRl f k
fR[EZE- UP OBSERVATI ONS ON Ht E MA IN STEM

Novembe r 1982

Gol d Creek
Moan A i r Wa t e r I c e i n Burdor I c e Sno....n t scna rne II) Tempe r at u r e ( 2) Tempe r a t ure 13) Channo I (II) Th i c kne ss Dep t h.Q.!j,u_ _ _ l c f s l_ ~G.L- ( OC) -ilL e ft I illL -.J:ly1!.J...!lQ..c.

Nov . 1 " 80n - 2 . 2 0 .00 70 11.9 1 . 5 Wind y/Cl oud y2 " "100 1.1 0 . 10 2 0 0 .9 1. 5 Snow3 '160 0 -6 . 9 0 .70 50 0 .9 1.7 C loudy
" '1 500 - 3 . 3 0. 30 15 0 .9 1. 8 C loutly5 '1110 0 - 6 . 7 11 . 110 I II 0.9 1.8 C loudy6 ',Joa -1 6 . 9 0. 30 50 0 .9 1. 8 Sunny-, 11 30n - 17.8 1l . 711 55 1 .0 1. 8 SlI nny8 JI200 - 7 . 5 0 . 15 55 1. 2 1. 8 Sno....9 ',l UO - !I . b n. 1!J 5 5 1. 2 2 . 6 C loudy'w '1000 - 5 .0 0 .30 50 1 . 2 2 .5 C loudy11 '10 0 0 - 1 . 1 0. 20 50 1. 2 2 .5 Snow12 3900 -1. 9 0 . 20 35 1. 3 3.3 C l oudy13 381)11 - 3 .1 0 . 20 35 1.3 3.3 Sunny11, 3600 - 1 .9 0. 20 30 1. 5 3 . 1, Cloudy15 3700 - 12 . 2 - /, 0 1. 5 3 . 'I Sunny

'"
16 3600 -1 5 . 8 - 60 1. 6 3 . " Sunny

'" 17 3600 - 15 .0 - 70 1. 6 3. ~ Su nny18 3500 - ? 2. tI n. 30 ·/ 0 1. 6 3 .3 Su nny19 J5lJO - 25 . 7 0 . 20 "/ 5 1.7 3 .3 Sunny2 0 3'1110 - 10 . 0 0 .30 70 1. 6 3. 3 Snow7.1 311110 - 6 .1, 0 .30 60 1. 6 'I. 1 Snow22 3300 -5.0 0 . 1.0 55 1 . 6 'I. 1 Sunny2 3 33(11) - '1.4 n .30 ~5 1. 3 '1. 0 Sunny2/' 3200 - 3 .1 0 .30 30 1.3 't . O Sunny25 3200 - 2 . B 0. 50 ,,0 1. 2 3 .9 Sunny2 6 3 100 - 3 . 1 u . 1. 0 50 1. 2 3 .B Sunny2 7 3 100 -B .3 0 . 110 50 1. 2 3 .B Sunny2B 3100 - 12.8 0 .50 60 1.3 3 .8 Sunny29 JoOn -9.7 0 .30 60 1. 3 3.8 Snow30 3UOO - 8 . 9 0 .20 ~O 1. 3 3 .8 C l oudy

I . erovt s tona r da ta sulljuc t to rev t s Ion by the U. S. Gco log ica l Su rvey . Wa te r n e s ource s ul vt s Io n , Anc horage . A l a ska .

2 . Ave rage v s rue of t he llHy :!i mi n i mum and ma x Imum t empe r a t u r e .

3 . Ba~cJ on o ne i ll:!i t8 Il La lll!UU~ eea sureeent , u :!i uall y t a ken at 9 a . m. dai l y ,

4 . Vi sua l e s t Ima re ba :!i ucl on une i ns t.ant.aneuus uu ee r va ti un, u sua l ly at 9 a . m. dai l y .
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TABLE 1.. 5

SUSI I NA RIVER AT GOLO CRl l"K
f R£rl (-UP OBSERVAT IONS ON IIIE MA IN Sl fM

necem be r 19 62

Gu l d Cn:o k
Mea n Ai r WEl l o r l e o i n Bordo" l e o Snow

D f sc ha rqe II) Tempe r a t.u r u I ~~) Iempc r-aLure ( 3) Channe l (II) Ih i e kne s s Dop Lh
Da t e] ( c f sl I ge ) ~L- _ UiL ( ft) u.u, wee t ho r

Uue . 1 J lIlUI - 7 . 8 n. 10 30 1. 3 3. 11 C l oudy
2 2 911 0 - 16 .9 O. 111 55 1.3 3.3 C loudy
3 2 1j1ll ) - 16 . 9 0.00 70 1. 3 3.3 Windy / Sun nyI, 2 9 0 0 -10 .0 u. 111 "lj 1. 3 3.3 C lOUdy
5 2 8 0 0 - 8 . 3 0 . 2n 75 1. 3 3.3 C loudy
6 2 ROO - 1. 7 0 . 20 65 1. 3 3.0 Sunny
t ?'8 (JU 2 . 5 11 . 30 " 0 1. 3 3.0 Windy / Cloudy
8 2 1111 1 3.6 11 . 20 15 1.1 3.8 Snow
9 2 / no -1. 9 0. 70 2 '") 1.1 3.9 C loudy

10 2 n m - 16 . 1 0. 10 60 1. 2 3.9 Sunny
11 2(11lt) - 6 .1 n . on ,,0 1. 3 3. 9 Sunny
12 2(,00 -3. 1 0 .(1) 60 1.3 3.8 C l oudy
13 Ullin -1. -/ n, I II uo 1. 3 3.8 Sunny
1" 26 00 - 'j . O n . 20 25 1. 2 3 .8 Sunny
15 26 110 - n. 3 11 . 20 10 1. 2 3.8 Sunny
16 2 51111 - 3. 3 0 . 10 10 - 3.7 Sunny
17 ?~ lln - 6 .7 II . 1ll 10 - 3.7 Sunny

'" 18 25 110 - 10 .6 0 .00 511 - 3 .7 Sunny

'" 19 211l11 J - 11. ., n.on 1,0 - 3. 7 Sunny
2 0 2 '1lI0 - 7. 2 11 .00 1111 - 3 .7 Sunny
2 1 2'1l)() - 21 . 1 0.00 !lO 0.5 3. t Sunny
22 ? l l lI lJ - 2 3.1 II.UO 50 IL 5 3.7 SUll ny
23 2111)11 - 15. 6 o .on 30 0. 5 3.7 Sunny
2 11 2'100 - 11. 9 o .on 30 0. 5 3.6 Sunny
25 2300 - 9 . 2 0. 10 30 0.6 3.6 Sunny
26 2 30 0 - 5 . 6 n. 1O 30 0.6 3. 5 Sunny
2-' 2/10 0 -1. 7 u. 10 35 0 .6 3 . 5 Snow
28 2 'Io n 0 .6 - - - 5 .0 Snuw
29 26 C1l 1 1. 7 (J. 10 5 ov e rf low 3. 1 Hai n
30 2 800 - 0 . 3 0.10 25 overf low 3. 2 Ra in
31 2 9UO - 0.10 5 1.3 3.2 Sunny

1. Pr-ov i s rona r .j d l a sub.i m: t lO r evi si on by t h e U. S. Goo log ica l Survey. wa t e r- Resources Divi sion , Ancho r age , Alaska .

2 . Av e ruqe va l ue or t ho dilys minimum and maxl mum t emperatu re .

3 . ua se u on OIlU l n s t.ant.auuous meas u rement u suutt y t a ken a t 9 a c m, da i ly .

4 . Visua l es tima te ba aeu un one ins tan taneous uusu rv a t lon , usual II a t 9 a . m. da i I y .



-
S~/dd l~

- - - - - - - - • • • • • • • -
TABLE '1.6

SUS I TNA RIVeH AT GOLD CR E(K
FHEElE - UP OBSEHVAT I ONS ON HIE MAI NSTEM

.Ja nua ry 198 3

'"-.I

-----.lli! l&..

J an. 1
2
3
I,
~

6-,
8
9

' 0
11
12
13
1"

Go l d Cree k
Nea n Ai r Wate r Ic o j n

OJ se lla rye ( 1) Temperatu re ( 2 ) Tempe r-a t ur-e ( 3 ) Ch .. nne l (Iii_ L!:f sL . -.f°C ) ( °e ) -tll
2 9 110 - 2 . 8 o.on 82 80 0 - 2. 8 0 .00 102800 - 3 . 9 0 .00 302 IOu - 5 . 0 o,no 602 700 -1 3 . 9 0 . 10 6~2 60 0 - 19 . 1 fl . 1n 6~2 500 - 0 .00 w7.500 -?~ . 3 n.oo 6~2 1W O - 22 . 2 0 .00 602 1100 - 2 0 . 6 o.on 102 ' IlIll - ' 6 . 1 0 . 00 8~2 3no -1 8 . 6 0.00 902Jotl - ' 6 . t 0 .00 9022 00 -1 3 .1 0 .00 100

Border Ic e
Thickness

( f t)

1.3
1. 3
1. 3
I. ',
1. 3
1. 3
1 . 3
1. 3
1."
1.11
1 . 1,
1. 5
1.5
1. ~

SnoW'
Depth
11:U-

3 . 2
3 .2
3 .5
3 . ~

3 . ~

3 .~

3.5
3.3
3.3
3.0
J . ()
3.0
3 . 0
3 .0

Wl!8 t he r

Sunny
Sunny
C l o u dy
Sun ny
Sunny
Sun llY
Sunny
Sunny
S un il)'
Hig h Wi nds
Su nny ,
Su n ny
Sunny
Sunny

1 . Provi siona l data s ub.ruct, 1.0 rev i s Lon by t he U. S . Ge o l og i c a l Su rvey , wa t.e r- Resources D ivi sion. Ancho raq e , A la s ka .

2 . Ave ruqe va r ue of the uu y s mini mum a nd max imum t.empe ra t.ur- e ,

3 . Ba sed on one l n s t antaneou s, mea su r ement . us uurt y ta ken at 9 a c m. d a i l y .

' I. v l sua t e sti mate base tl n il one ins tan ta neous ob se rva t f on, u su a lly at 9 a . m. c a ! I y .

• Cnannu r f roz en over .
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TAULE'L 7

19 8 3 SU5 lT NA R IVER I C[ Ttl I CKNESS MEA5UlUMENTS

f eb r ua r y 4. 19 8 3

Ma ins t em I ce
Thickne sse s (ft )

_.!"1J..rL ~ ~g_

Number
of Hol e s

Wa t e r Surface
Eleva t ion

Ave r age*
Unde r i ce

Wa t e r Ve I oc i t y

Watan a
Por- t.aqe c r-eek
Gol d Creck
Curry
l RX- 3

Apr i I 12. 19 8 3

lo ll
1. I~

1. 3
1.8
2 .0

3 .6
3. 1,
1.9
2 . 1
3 .9

2 . 'I
2 . ~

1.6
1. 9
2 . 9

2 1
5
5
II

5

111 36. 8
634 . 1
66'1.6
5 22 .7
31.2 .8

2.6

I

'"CD
I

Wa t e na
Pc r-t.aqe Cr ee k
Gol d Creek
Cu r ry
lRX-3

1. 8 '1. 2 2. 8 19 1'136 .1 2. 2
3 .0 'I. () II, 1 6 633 .5 4 . 2
1. 6 2. 9 2 .3 6 662 .9
1. 3 3 .3 2 .2 7 52 1 .9
2 . 0 3 .8 2 .8 7 34 1. 5

* Ave rage und e r l ce wate r ve l ocity wa s mea su red a t po i nt of most f low and cons t i tu tes an ave rage of t he ve r t ica l
ve locity p ro f i I e .



- - - - - .. - - - - - - - - - - - - -
s5/ffl

l ABL E 'L a
KIVU.. S IAGfS Al fREfZr Up MEASURED

fROM Tor or ICE ALONG BANKS
AT SELECTEO LOCAT IONS

Open Wa t e r
Elevation Ma xi mum D i sc na rge Ac t ua l

Approxi mat e Top of I ce Correspondi ng Di scha rge a t
River Oat e of River Bank E f eva t i o ne to Stage Go l d C r e e k
Hi I c t oe a l i 011 r r UC ZtHlp_ -lli l _ -lUI- ( c f s L-. ( e f s )

1118 . 9 Portage Creck 12 / 2 3/ 8 2 8'1 3 .0 839 .5 2 7 . 0 00 2 , 40 0

1112 .3 S l o u g h 2 1 , 10 - -I !.I8 . 3 7 5~ . 5

1110 . 8 S loug h 2 1 , L1l X_ I,Jli - 13 5.3 "133.3

136 . 6 Go I d Creek 1/ 111/ 8 3 68 '/ .0 685 .3 16. 0 00 2 ,20 0

135 . 3 S lough 11, MOlll lI 12 / 6 / 8 2 6/ 1. 5 - - 2 , 8 0 U

13U. 9 S l o ug h 9. She rm.m 12 /1 / 8 2 6 2 2 . 11 6 20 . 1 30,OUO 3,000

'" 12 8. 3 S loug h 9. MOll t h 11 / 2 9 / 8 2 16 . 9)'" - - 3,000

12 7 . 0 S lo ug h 8, lIe a d 11 / 2 2 / 8 2 - 519 .3 - 3 ,300

12 '1. 5 S IOlIg h 8, lRX- 28 11/ 20 / 8 2 556 .2 559 . 3 "4 ,000 La uf'e I s ] 3 , 1100

12 0. 7 Curry 11 / 2 0 / 8 2 52 7 . 0 52 /1. 6 28, 0 00 3 ,1100

11 6 . 7 Mc Ke n zi e Creek 11/ 18/82 - 4 9 3. 3 - 3, 500

11 3. 7 Lane Cr ee k 1 1/1 5 / '32 - 16 . "I) - 3 ,700

10 6 . 2 L.RX- l 1 11/9/82 - ( 5 . 3 J - 4 , lUO

103. 3 LHX-9 11 /8 / 8 2 3811. I 383.9 In , ouo '1, 200

98 . 5 I.HX-3 11 / 5 / 8 2 3116. /1 3115. 5 - 4 , 4 00

va r ue s in b r ac ke t s ( I r e p r e sent re lat ive e l evations ba se d o n an assumed datum from a tempo ra ry benchmark
adjacent t o t he si te .
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TA BLE 4.9

MAJOR ANNUALLY RECURRING OPEN LEADS
BETWEE N SUNSHINE RM 83 AND DEV IL CANYON RM 151

LOCATION AND SPEC IF ICAT IONS ON MARCH 2, 1983

Location of Velocity Contin uous
Upstea rn End Chan nel o r Ap prox . Wides t o r

Rive r Mile # Type Therrnal Length ( Ft ) Po in t (Ft) Discont inuous

85 .0 Mainstern Velocity 550 80 Continuous
87.1 Slough Veloc ity 4,500 50 Discontinuous
87 .6 Mainstem Velocity 700 100 Continuous
89 .0 Mainstern Velocity 1,200 100 Continuous

Sid e Cha nnel Velocity 2,500 40 Contin uous
89 .5 Mainstern Velocity 1,400 60 Discontinuous
91.0 Mainstern Velocity 1, 700 80 Discontinuou s
92 .3 Mainstern Veloc ity 1,300 110 Discontinuous
93 .7 Mainstern Velocity 3.500 110 Cont inuous
94 .0 Mainstern Therrnal 3,500 20 Discontinuous
95 .2 Sid e Cha nnel Velocity 2,400 100 Cont inuous
96.9 Sid e Cha nnel Veloci ty 5,600 150 Disconti nuous
97.0 Mainstern Veloci ty 1,100 30 Continuous

102.0 Mainstern Velocity 2,400 100 Discontinuous
102 .9 Mainstern Veloc ity 600 100 Continuous
103.5 Mainstern Veloc ity 1,850 100 D iscontinuous
104.1 Mainstern Veloc ity 280 70 Continuous
104 .5 Mainstern Velocity 1,700 110 Cont in uous
104 .9 Mainstern Ve loci ty 900 150 Continuou s
105 . 9 Mainstern Ve locity 1,050 100 Continuous
106 .1 Mainstern Velocity 200 60 Continuous
106.4 Mainstern Velocity 370 50 Continuous
106 .6 Mainstern Velocity 350 50 Discontinuous
107.4 Mainstern Velocity 200 50 Continuous
109. 1 Mainstern Ve locity 550 100 Disconti n uou s
110.3 Mainstern Ve locity 150 100 Disconti n uous
110 .5 Mainstern Velocity 290 50 Continuous
110.9 Mainstem Velocity 450 50 Discontinuous
111.5 Mainstern Velocity 1,600 100 Continuous
111. 7 Mainstem Velocity 500 90 Continuous
111.9 Mainstern Velocity 900 150 Conti nuous
112.5 Mains tern Veloci ty 700 100 D iscontin uou s
11 2 .9 Mainstern Veloc ity 500 110 Continuou s
113 .8 Mainstern Velocity 600 110 Continuous
117.4 Mainstern Therrnal 780 60 Continuous
117.9 Side Channel Therrnal 1,260 120 Discontinuous
119.6 Side Channel Therrna l 550 50 Continuous
119.7 Mainstern Veloci ty 350 50 Continuous

-70-
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I

TABLE 4 .9 (Co ntin ued)

I Locat ion of Veloc ity Cont inuo us
Upstea m End Ch anne l o r Approx . Widest or

I River Mi le # Type Th ermal Length ( Ft) Point (Ft ) D iscontinu ous

120 .3 Mainstem Ve loci t y 800 100 Cont inuous
121. 1 Main st em Ve loc it y 550 100 Co nti nuo us

I 121 .8 Side Cha nne l The rmal 1, 450 30 Disconti nuous
122 .4 Slough ( 7) Therma l 1,850 60 Di scontinuous
122.5 Slough (7) Therma l 380 50 Cont inuous

I 122 . 9 Slough (7) Therma l 1,950 80 Discontinuous
123 . 1 Mainstem Veloci ty 1, 000 80 Continuous
123 .9 Side Chan nel Therma l 200 50 Cont inuo us

I
124 .4 Side Ch a nnel Veloci ty 270 40 Continuou s
124.9 Mainstem Thermal 600 90 Cont inuous
125 .3 Slough (8) Th e rmal 3, 500 50 Discont inuous
125 .5 Mainstem Ve loci t y 2 ,1 40 100 Continuous

I 125 .5 Slough (8 ) The rma l 800 500 Co nt in uou s
125.6 Mai nst em Velocity 350 60 Cont inuous
125 .9 Slough (8 ) The rmal 580 50 Cont inuo us

I
126 .1 Slough (8) Thermal 500 30 Cont inuous
126 .3 Slough (8 ) T herma l 250 50 Con t inuou s
126 .8 Slough (8) Thermal 1,500 80 Discontinuou s
127 . 2 Side Channel Thermal 2 , 450 50 Continuous

I 127.5 Mai nstem Ve loc ity 700 80 Continuous
128 .9 Slou gh (9) Thermal 5 , 060 100 Continuous
128 . 5 Side Cha nnel Th e rmal 1,210 30 Discont inuous

I
128 .8 Side Channel Th ermal 380 20 Contin uou s
129 .2 Slough Thermal 4,000 3U Discontinuous
130 .0 Main st em Ve locity 600 90 Cont inuous
130 . 8 Side Cha nnel Th ermal 5, 000 50 Discontin uous

I 130 .7 Mainst em Ve loci ty 150 50 Cont inuous
131. 1 Mains t em Ve loci t y 490 90 Continuous
131. 3 Mai ns t em Ve loci ty 800 100 Contin uous

I
131. 5 Side Cha nne l Thermal 5 ,000 80 Discontinuous
131.3 Side Cha nne l Thermal 900 90 Discont inu ous
132 .0 Ma instem Ve loc it y 150 20 Contin uous
132 .1 Mains t em Ve loc ity 500 20 Discont inuous

I 132 .3 Mainstem Ve loc it y 400 80 Continuous
132 .6 Mainstem Veloc ity 1,350 80 Cont inuous
133 . i Slough Thermal 6, 000 60 Cont inuous

I
133 .7 Main stem Veloc ity 1,110 100 Cont inuous
134 .3 Slough (10) Thermal 4,500 40 Continuous
134 .0 Side Channel Thermal 1, 200 50 Continuous
134 .5 Side Chann el Thermal 850 100 Cont inuous

I 135 . 2 Mainstem Veloci ty 1, 580 90 Discont inuous

I
I

-71-
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T ABLE 4 .9 (Continued)

Location of Velocity Continuous
Upstearn End Channel or Approx. Widest or

River Mile :I Type T herrnal Le ng t h ( Ft) Point ( Ft) Discontinuous

135 . 7 Sloug h ( 11) Therrna l 5 ,500 80 Conti nuous
136 .0 Mainstern Velocity 230 80 Continuous
136 .3 Side Channel Therrna l 2,050 40 Con tinuous
136.7 Mains tern Therrnal 1,620 80 Conti nuous
137 .1 Mainstern Ve locity 750 60 Conti nuous
137.4 Side Chan nel Therrnal 2,500 20 Discontinuous
137.8 Slough ( 16) T he r rnal 1, 400 30 Discontinuous
138.2 Mainstern Ve locity 2,000 150 Contin uous
138 .9 Mainstern Therrnal 2 ,100 150 Continuous
139 .0 Mainstern Velocity 780 20 Continuous
139 . 1 Mainstern Velocity 500 30 Continuous
138.4 Mainstern Velocity 600 30 Continuous
140 .6 Side Channel Therrnal 1,900 100 Discontinuous

Slough (20) Therrna l 1,100 20 Continuous
142 .0 Slough (21) Therrna l 3 ,850 40 Discontinuou s
141. 5 Mainstern Velocity 850 40 Continuous
142 .0 Mainstern Ve locity 950 50 Continuous
142.6 Mainstern Ve locity 1 ,600 150 Discontinuous
142 . 8 Mainstern Veloc ity 850 150 Con tinuous
143 .6 Mainstern Velocity 550 20 Discontinuous

Mainstern Velocity 280 20 Co nti nuous
143 . 8 Mainstem Velocity 780 100 Continuous
143.9 Mainstem Velocity 500 30 Continuous
144 .5 Mainstern Velocity 900 100 Discontinuous

Slough (22) Therrna l 250 20 Continuous
144.6 Slough (22) The rrna l 300 20 Continuous
145.5 Mainstern Ve locity 1, 150 100 Continuous
146 .9 Mainstern Veloc ity 700 100 Continuous
147.1 Mainstern Velocity 850 80 Discontin uous
147 .7 Mainstern Velocity 150 40 Conti nuous
148 .1 Mainstern Velocity 420 50 Oisconti n uou s
148 . 5 Mainstern Velocity 680 140 Continuous
149 .0 Ma instern Velocity 400 60 Continuous
149 .5 Mainstern Velocity 500 80 Continuou s
150 .0 Mainstern Velocity 350 20 Discontinuous
150 . 2 Ma instern Veloc ity 750 100 Con tinuous
151.2 Mainstern Veloc ity 2,800 100 Discontinuou s
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ICE CONCENTRATIONS AT TALKEETNA RELATIVE TO
MEAN DAILY AIR TEMPERATURES AT DENALI AND TALKEETNA

AND DAILY TOTAL SNOWFALL AT TALKEETNA1lI
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PHOTO 4.1
Ice plume near Slough 9, flowing towards bottom of photo. Frazil ice can form
in September on the upper Sus itna River between Denali and Vee Canyon where
air temperatures are generally much colder than near Talkeetna . These ice
plumes are often the first ind icators of frazil format ion .

PHOTO 4 .2
View of the mainstem, adjacent to the town of Talkeetna, on October 12, 1982 .
Flow is from right to left. Note staff gage in foreground . Water level reads
1 .65 feet .

I
I
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PHOTO 4.4
View of the mainstem, adjacent to the town of Talkeetna, on November 4 , 1982 .
The ice front has progressed to with in 1 mile of this area , and caused the
water level to i~ r.rease over 2 feet. The shore ice in the foreground has
fragmented and will eventually wash away.

PHOTO 4.3
View of the mainstem , adjacent to the town of Talkeetna, on October 3D, 1982 .
The water level dropped over 3 feet since October 12, exposing the gravel bar
in the foreground. The photo was taken 5 days before the ice f ront passed
Talkeetna . By November 7, this area was covered by 4 feet of ice .

Dll£llillUJ·IEIBj~@®
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PHOTO 4.6
Shore ice const r ict ion near Slough 9 on October 26 , 1982 . Flow is from ri g ht to
left. Note the succes si ve lay e r s of slush ice that have built up along the left
bank. Slush ice is being compressed through the surface constriction,
emerging on the left as rafts .

PHOTO 4 .5
Slush ice accumulating by ju xtapos ition on October 29 , 1982 at Sunsh ine . Flow
is frc '" left to ri g ht . This area represents the leading edge of an ice front
that has jus t passed the Parks Highwa y Bridge. Note the flooded s ide channel
in the upper photo . The ice pack ha s ca us ed a local inc rea se in water level of
about 2 feet.

DlJ!),lfJWJ·lEflJj,iJ~&@
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PHOTO 4.7
Shore ice constriction in Dev il Canyon on October 21, 1982. Flow is f rom r ight
to left . Shore ice constricts the surface flow , often concentrating frazil sl ush
into a layer that f ragments downstream into pans and rafts . Note the absence
of floating ice upstream of the con strict ion.

PHO"'-O 4 .8
Ice bridge in Devil Canyon on October 21, 1982 . This closure represents the
f irst ice cover on the Susitna above Talkeetna . Flow is from left to rig ht .
The in itial constriction by shore ice is still evident. Channel conf igurat ion is
shallow gradient and g ra vel bar on the r ight bank and deep narrow thalweg
along the left bank .

~·liJfJIJ~&@
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PHOTO 4.9
View of the Chulitna confluence with the Susitna main stem, looking upstream o n
October 29 , 1982 . The Chulitna west channel ente r-s in the left foreground , the
east channel comes in on the up pe r left. and the Sus itna River flows diagonally
from the center to the r ight margin . Note the slush ice accumulation at the
east channel .

PHOTO 4 .10
Susitna River confluence with the Chulitna east channel on November 2, 1982,
v iew look ing downstream on the Susitna . The slush ice constriction at the
confluence has consolidated and frozen , creating this jam and caus ing
subsequent flooding. About 1000 cfs is being di verted into the Chulitna east
channel. Compare with photo 11 .
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PHOTO 4.11
Susitna River confluence with the Chulitna , view looking downstream on
November 9, 1982 . The Susitna is ice covered and the Chulitna east channel ,
flowing from right to left, appears as an open lead in the center . The left end
of the lead int e r sect s the Susitna ice cover .

PHOTO 4.12
The Susitna River at r iver mile 99 .6 looking upstream on November 2, 1982 .
The river thalweg runs diagonally from the lower right to the upper left of the
photo . At r iver mile 101 .3, near Whiskers Creek, about 1,200 cfs was
diverted into the side channel on the right.
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PHOTO 4.13
Susitna River at river mile 106 on November 17, 1982 . Flow is from the upper
right to lower left . Ice cover has telescoped to cover the river channel from
bank to bank. Note the sagging ice cover over the narrow winter channel and
the open leads created by turbulent flow.

SUSITNA JOINT VENTURE

view looking downstream .
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PHOTO 4.14
Open leads on February 2 , 1983 at river mile 103 .5,
Note the slush ice cover developing in the foreground .
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PHOTO 4.15
Susitna River at Gold Creek on October 16, 1982, looking downstream from the
railroad bridge. Note the frazil slush floes and shore ice development.

~"IEIBJU~&®
SUS/TNA JO/NT VENTURE

Shore ice development has
feet under the bridge . The
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PHOTO 4.16
Susitna River at Gold Creek on January 13, 1983 .
constricted the water surface width to less than 50
ice cover progressed past Gold Creek on January 14 .
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PHOTO 4. 18
Extensive shore ice development near the confluence of Devil Creek . Flow is
f rom left to right . Shore ice had built out in successive layers to constrict the
channel until slush ice could no longer flow through .

PHOTO 4.17
Sample of ice taken d u r ing breakup at river mile 142 . Dense concentrations of
anchor ice were observed through th is reach during freeze-up . This ice had
accumulated sediment by filtration and entrapment of saltating part icles .
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PHOTO 4.19
View looking upstream at river mile 104 on February 2 , 1983 . The ice cover
has settled onto the channel bottom except where open leads persist .

,

I
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PHOTO 4 :20
Time lapse camera mounted on the south rim of Devil Canyon
damsite . This camera filmed the ice cover development in
October 21 , 1982 until February 7, 1983.

near the proposed
the canyon from
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5.0 SUSITNA RIV ER BREAKUP PROCESSES

Destruction of a river ice cover progresses from a gradual deteriorat ion of

the ice to a dramatic dis integration wh ich is often accompanied by ice jams,

flood ing , and eros ion . The durat ion of breakup is primarily dependent on

the intens ity of solar rad iation and the amount of rainfall. An ice cover

will rapidly break apart at high fl ows . Ice debris accumulates at f low

constrictions and can become grounded . The f inal phases of breakup are

character ized by long open reaches sepa rated by massive ice jams . A

large jam releasing upst ream will usually carry away the remaining

downstream debris lea v ing the r ive r channel virtually ice free .
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5 .1 Ice Cover Deterioration

In itial phases of ice cover deterioration commonly occu r by mid-April.

These are id e nt if ied by flooded s now and overflow on ice a nd can be

attributed to a sl ight increase in d is charge. The ri se in water level

is generally assoc iated wit h moderating air temperatures and the

inc r eas ing da ily duration of so la r radiation . Solar radiation can ca use

snow to melt even though ai r tempe ratures remain bel ow freez ing .

Overflow takes p lace be cause the r igid and impermeable ice cov e r fa ils

to respond to water level fluctuati ons (Table 5.l). Increas ing stage

results in immed iat e and severe eros ion at the ice /water interface .

Where the ice is cont inuous a nd unbro ken , standing water commonly

appears in the sags and dep r-essions . This water substant iall y

reduces the albedo of the ice surface and generally , within days , an

open water lead develops in these depres sions . With water levels

rising steadily , the channel perimeter e xpands and undercutting of

the stranded ice begins . This cau ses portions of the ice cover to

hang over the flowing water of the open lead. When the cr-iti cal

shear stress is exceeded , portions of the ice cover collapse b y either

h inging at the point where it contacts the bottom or by shearing
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pressu re created by the ris ing water level can

conta ined , this was especially on t he lower river

Talkeetna . The shattered ice cov e r , however, will

for seve ral d ays if the ice down st re am rem ains in t act.
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vertically f rom the main ice bod y . T he ice f ragments then drift

downst ream to acc umulate with ot he r floes ag a in st the solid ice cover

at the d ownstream edge of the lead. By th is process , open lea ds

gradually become wide r and longer.

The h igh veloci t y reaches in wh ich most leads form are more common

above Talkeetna because the ri ver c ha n ne l is relati vel y na rrow , lac ks

a wide fl ood pla in , and has a steepe r gradient . Downst ream from

Talkeetna , the broad and s ha llow river ch annel has less g rad ient and

tends t o reduce ve loc iti es b y d is s ipating the fl ow ove r a wider a rea .

Here open leads occ u r les s frequentl y and the f irst ind icato r of r ising

wate r levels is extrnsi ve overflow . On April 7 , 1983 an area of

overflow near the Pa r ks Highwa y Bridge covered the ice sheet wit h

over half a foot of f lowing wat e r . Th e ice cove r in th is section was a

compos ite of porous slu sh ice floes th at had consol id ated during

freeze-up and co ns is t ed of coa r se, rounded ice crystals . Because of

it s loosel y-pac ked crystal configu ration , the ice cover was permeable

to water and lacked suffic ient buoyancy to break loose from the

shore-fast ice and float, so it remained subme rged unt il eve nt ua lly

melt ing awa y.

Sol id and cont in uous ice cove rs ca n fra gment en masse when the

no longer be

downstream of

remain in pl ace

During April, solar radia t ion generally increases in intensity and

duration. Early in the month , warming air temperatures usuall y

begin to affect the s nowpa c k in the lower elevations near Su sitna

Stat ion ca us ing it to qu ic kl y turn isot he rma l and melt. By late Apr il ,

the snowpack ha s d isa p pea red from the r iver downst ream of Tal keetna

a nd has started to melt in a reas along the upper r iver , especially on

south fa cing s lopes . The snow laying on the ri ve r ice cover is oft e n
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relatively thin compared to the snowpack covering the ground because

of exposure to higher winds which can rapidly ablate the snow or

simply blow it away. In addition, overflow can cause a dramatic

reduction of the s now thickness by consolidating and changing the

snow crystal structure into ice . On many reaches of the river , the

snow cover has been observed to disappear from the river ice while a

deep snowpack remains along the ban ks .

Once the snow cover over the river ice melts , solar radiation rapidly

disintegrates the crystal structure of the ice. Disintegration of the

ice cover by incident solar radiation is commonly indicated by the

process of "candling." This phenomena results from a structural

failure along the individual crystal boundaries. When ice crystals

grow, impurities in the water are expelled from the crystal structure

and tend to become concentrated along the crystal edge and at crystal

boundaries. Ice crystals generally prefer to grow perpendicular to

the c-axis and parallel to the thermal gradient. Simultaneous growth

of adjoining crystals prevents much widening and the characteristic

long, narrow , six-sided crystals result . The effects of solar

radiation are accentuated at the weak crystal boundaries and melting

occurs here. This process begins at the ice surface and can extend

through the tota' thickness of the ice sheet. Candling significantly

weakens the ice which during advancrd stages of disintegration can

shatter on impact into splintered masses cf individual crystals.

Observations of ice sheet fragmenting during the 1983 breakup on the

Susitna River revealed a tremendous resistance by the ice to any form

of horizontal shearing. The peculiar resistance to horizontal shear

can be explained by the configuration of the crystal structure. The

hexagonal crystals fit together in a compact arrangement that

eliminates horizontal sliding surfaces between indiv idual crystals . In

the vertical direction, however, each crystal boundary represents a

sliding surface and every candled crystal will readily shear away from

its neighbor . The significance of this phenomenon is evident during
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5.2

breakup when tremendous horizontal shear stresses created within

massive ice jams often fail to fragment ice sheets at the jam key.

However , the stage increases associated with ice jams appear to easily

snap loose huge sheets of border ice. On a smaller scale , gradually

increasing mainstem discharges continually cause shorefast ice along

the flow marg ins to break away by vertically shearing along ice

crystal bou nda ries .

By the end of April , 1983 , the Susitna River was laced with long,

narrow open leads. Floes that had fragmented from the ice had

accumulated into small ice jams . The configuration of these small ice

jams often resembled a U or V-shaped wedge , the apex of the wedge

corresponding to the highest velocities in the flow d istribution. The

constant pressure e xerted by these wedge-shaped ice jams effectively

lengthened and simultaneously widened many open leads . This

process of widening the surface area is pa rticularly significant

because any ice floes drifting downstream consequently had a clear

passage, greatly reducing the potential of ice lodging and creating a

major jam.

Ice Jams

Based on historical events and morphologic evidence , several of the

small , open lead ice jams were expected to develop into major jams .

Examination of mainstem cross sections adjacent to side channels and

sloughs ind icated a strik ing similarity of channel configurations at

suspected jam keys . Most of the cross sections in these areas

consisted of a broad channel with gravel islands or bars and a

narrow, deep thalweg , poss ibly representing an ice scour hole,

confined along a rock wall or along one of the banks . The presence

of sloughs on a r iver reach may also ind icate the locations of major

recurring ice jam events . Many of the sloughs on the Susitna River

between Curry and Devil Canyon were carved through terrace plains
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by some extreme flooding event . Summer floods, although frequently

flowing through sloughs , do not generally result in water levels high

enough to overtop the r iver bank. During breakup, however, ice

jams commonly cause rapid, local stage increases that generally

continue r ,s ,ng until either the jam releases o r the sloughs are

flo oded , If the sloughs d id not e xist , then water levels would

increase until the capacity of the channel was exceeded and the water

would flow laterally out of the mainstem . The flow would probably

also carry with it a great volume of ice which could easily erode

first the soils and grave ls of the terrace pla ins. Water would

continue flood ing the ove r ban k until the jam deca yed . When no

terrace plain ad joins a mainstem ice jam , then stages would increase

to a level that created unstable conditions at the jam key , forcing the

jam to release. It seems , the refore, that on the Susitna, sloughs are

an indicator of f requent ice jamming on the adjacent mainstem and can

also influence the stability and longev ity of these jams by relieving

the stage increases and subsequent water pressures acting against

the ice .

In May of 1976 d uring an e xtreme ice jam event at r iver mile 135.9 ,

the river not on ly flooded the ad jacent bypass channel but also

carved out what is now ide nt if ied as Slough 11 . Photo 46 is a

photograph , ta ken f rom the Gold Creek railroad bridge on May 7,

1976 , showing a substantial volume of water flowing through

Slough 11 . The mainstem and bypass channel are towa rds the right

of the photo and appear to be completely ice choked . Local res idents

ha ve indicated that this event created most of Slough 11 . Several ice

jams of smaller magnitude s ince 1976 have also breached the berm at

the channel head and enla rged the slough to its present

configu ration.
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The following channels between Devil Canyon and Gold Creek, a re

regularly influenced by ice induced flood ing during breakup :

Slough 22

Slough 21 from RM 142 .2 to RM 141

Slough 11 from RM 136. 5 to RM 134.5

Side channels from RM 133.5 to 131 .1

Side channels from RM 130 .7 to 129 .5

Slough 9

Slough SA and S

Slough 7

In general, the f inal d est ruction of the ice co ver is accompli shed by a

series of ice jams which brea k in success ion and are added to the

next jam. Th is mass of ice cont inues bu ilding as it mcves

downstream. Upst ream from this accumulation , the riv~ ,' channel is

commonly ice free e xcept for stranded ice floes and some dri ft ing ice

coming from above Dev il Canyon .

Ice studies d u ring the 1983 Susitna River b rea kup were o r iented

towards acquiring ice jam profi les on the r iver reach between

Talkeetna and Devil Ca ny on as well as quantitat ive data on ice

thicknesses, stag ing, and flow ve loc it ies (Fig ure 5 .1 and Tables 5 . 1

to 5.4 . The spec ified reach wa s ch osen because of its normall y

dramatic breakup and potent ial for massi ve ice jam formations .

Measu rements were initiall y taken twice dail y at spec ific s ites k nown

to be affected b y ice jams. Wate r surface e leva t ions . ice thic kn esses .

and ice cove r eros ion rat es were measured through bore holes .

Velocities in the mainstem above and below ice jams were successfully

measured by suspending an electronic sensor with 30 feet of wire

cable from a helicopter and obt ai n ing a spot read ing at 2 feet bel ow

the water surface . The water depth both above and below jams was

also often measured by read ing the depth d irect ly from met al flags
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attached t o the cable which was kept vertical with a 50 lb. lead

weight. These data are presented in Table 5 .1 .

The major streams flowing directly into the lower Sus itna River were

contributing substantial discharges by April 27, 1983. The ice was in

vary ing stages of decay on these tributaries, with Kas hwit na Creek

reta ining a virtually int act ice cover, and Montana Creek, Sheep

Creek , and Willow Creek breaking up rapidly . Observation during an

aerial reconna issance o n April 29 d ocumented a rap idly disintegrating

mainstem ice cover f rom Talkeetna down to the Montana Creek

confluence . Further d .ownstream, the mainstem ice cover was

extensively flooded but remained intact . Above the Parks Highway

Bridge the ice co ver and shattered into large ice sheets in several

a reas . The large s ize of these f ragments however , prevented the ice

from flowing out . At Sunshine, an ice covered reach was flooded by

about 1 foot of ove rf low and yet remained intact. No ice jams had

occu rred .

Observers at Susitna Station reported ice beginn ing to move

downstream on May 2 with flowing ice continuing to pass for several

da ys (Ta b le 5.2 ) . Deshka River residents obse rv ed the first ice

mov ing on May 4 and the steady ice flows ending o n May 10 (Table

5 .3) . No signif icant jams were noted. This indicates an upstream

progression of ice brea kup which confirmed the aerial observations on

the river below Montana Creek.

On May 4 , 1983 , two relati vel y small ice jams fromed at RM 85 .5 and

RM 89 . The jam ke ys were small , however even the minimal staging

that resulted caused e xtensive flood ing of the surrounding gravel and

sand f lood pla in . Many logs were set adrift appearing to cause

damage but most of these logs had previously been stranded by h igh

summer flows.
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The largest ice jam observed on the lower river occurred on May S

near the confluence with Montana Creek at RM 77 . Here an extensive

accumulation of drifting ice debris had failed to pass around a river

bend and jammed. The Montana Creek confluence was flooded but r, ;

damage or significant impact by ice or w.ter was noted . Although

the lower ri ver reach had been essentially ice free since May 6,

drifting ice released from the upper r ive r was continuing to jam.

Residents at Susitna Station, the Deshka River confluence, and Gold

Creek provided additional measurements of water levels and ice

thicknesses as well as qualitative descriptions of the sequence of

events lead ing up to ice-out . Weekly aerial reconnaissance flights

were conducted in order to document the interrelatknship between

river reaches . Tables 5 .1 to 5.4 at the end of this section present

all pertinent information. The following description is a chronological

sequence of breakup events on the upper r iver from April 27 to

May 10, 1983 .

On April 27, 1983 , daily observations and data acquisition began. By

this time, the r iver had already been opened wide in some areas by

the downstream progression of small ice jams . These minor ice floe

accumulations rema ined on the water surface, often breaking down

any intact ice cover obstructing their passage. As described earlier,

th is process is initiated in open leads which gradually become longer

and wider until extensive reaches of the channel are essentially ice

free . These small ice jams may be important in preventing the

occurrence of larger . grounded ice jams. This was evident in 1983

when large ice jams released, sending tremendous volumes of floating

ice downstream . The small jams had provided wide passages for the

flow ing ice which may have jammed again if the channel had remained
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constricted . On Ap ril 27, extensive channel enlargements and small

ice jams were steadily progressing downstream near the following

locations :

Portage Creek, RM 148 .8

Jacklong Creek, RM 145.5

Slough 21 , RM 142.0

Gold Creek, RM 135 .9

Sherman Creek, RM 131

Curry Creek, RM 120

A large jam had developed near Lane Creek and was apparently

grounded . Flooded shore ice surrounding the jam indicated that some

water had backed up. A not iceable increase in turb idity occurred on

this day . Aerial observations on April 28 revealed an open channel

for most of the reach between Talkeetna and Sunshine .

Continuing reconnaissance upstream from Talkeetna on May 1 showed

that the ice jam at Lane Creek was still accumulating ice floes . The

source of the floes was limited to the fragmenting shore ice and no

significant accumulation could occur here until ice jams further

upstream released . The Lane Creek jam had progressed about

300 feet downstream since April 27 . The ice jam near Slough 21 had

increased in size and was raising the water level along the upstream

edge . This backwater extended approximately 300 feet upstream.

Table 15 shows a relative stage inc rease at this measurement site of

over 3 feet in 24 hours. Figure 10 illustrates the water profile

before and after this ice jam occurred .

By May 2 , 1983, several significant ice jams had developed . The

small ice jam at Gold Creek had broken through the retaining sol id ice

sheet forming a continuous open channel from RM 139 near Indian
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River to a large ice jam at RM 134 .5 . The small ice. jam that had

been fragmenting the so lid ice at the downstream end of an ope n lead

ad jace nt to Slough 21 had prog ressed down to RM 14111. A large jam

had developed at RM 141 .5 leavi ng an open water ar-ea between the

two jams . The upstream ice jam was apparentl y c reat ed when a

mass ive ice sheet snapped loose from shore-fast ice and slowly pi voted

out into the mainstem flow , mainta ining contact w,ith the channel

bottom at the downstream left bank corne r . T his sheet was

approximately 300 feet in diameter and p robably between 3 and 4 feet

thick . The upstream end continued to pi vot around until it contacted

the r ight bank of the mainstem . The ice sheet was then in a ve ry

stable position , jammed aga inst the steep r igh t bank and grounded in

shallow water along a g ravel island on the left bank . Several small

ice jams upstream of Slough 21 had released and were accumulating

against this ice sheet extending the jam to a total length of about o ne

half mile . The water level had ri sen and an estimated 2,000 cfs was

flowing around the upst ream end of the gravel island at RM 142 and

into a side channel. The entrance berm to Slough 21 at cross section

H9 was also overtopped . This illus t rat es the ext reme staging effects

of the jams as the estimated discharge at Gold Creek on this day was

less than 6 ,000 cfs wh ile the normal summer flows required to breach

this berm are in e xcess of 20,000 cfs. The entrance channel at cros s

section A5 was breached and ab out 150 cfs was diverted into the

lower portion of Slough 21 . Many ice floes also drifted through th is

narrow access channel and were grounded in the sl ough as the flow

dissipated over a wider area.
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By May 4, 1983 , stable ice jams had developed and were g radually

building mass at the foll owing loca t io ns between Ta lkeetna and Devil

Canyon :

Lane Creek at RM 113 .2

Curry at RM 120 .5 and RM 119 .5

Slough 9 at RM 129

Slough" at RM 134.5

Slough 21 at RM 141.8

Downstream from the ice jam a t Lane Creek, the ice cover wa s still

intact although e xt e ns ive ly flooded . Between Lane Creek and Cu rry ,

the channel was wide ope n and ice free with the except ion of some

remnant shore ice. From Curry upstream to the ice jam adjacent to

Slough 7 some portions of the ice cover rema ined, but were severely

decayed and disintegration seemed imminent. An intact ice co ver

remained from Slough 8 past Slough 9 to the ice jam at Sherman .

This ice cover had many open leads and large areas of flooded snow .

Between the rema ining ice jams at She rman, Slough" and Sloug h 21 ,

the mainstem was open .

The jam at Slough 21 was still recei v ing ice floes from the

disintegrating ice cove r above Devil Canyon . As ice floes

accumulated aga ins t the upstream edge of the jam , the floating layer

became increasingly unstable . At SOr:1e crit ical pressure within this

cover, the shear resistance between floes was e xceeded , res ulti ng in

a chain reaction of coll is ions t hat rap id ly caused the ent ire cover to

fail. At th is point, several hund red feet of ice cover consol idated

simultaneously . These consol idation phases occur red frequently

during a 4 hour observation period at Slough 21 on May 4. The

frequency was dependent on the volume of incoming ice floes. With

each consolidation , a surge wave resulted . During one particular

consol idation of the enti re half mile ice jam , a su rge wave broke loose
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all the shore fast ice along the left bank and pushed it onto an

adjacent gravel island. These blocks of shore ice were up to 4 feet

thick and 30 feet wide . The zone affected was almost 100 feet long

and yet the event lasted only a few 'second s . This process is

essentially the same as telescoping during freeze-up except that the

ice is in massive rigid blocks as opposed to fine fraz il slush and is

thus capable of eroding substantial volumes of material in a very

short time . The ease with which these ice blocks were shoved over

the river bank indicates the tremendous pressures that build within

major ice jams .

During all of th e observed consolidations at Slough 21, the large ice

sheet forming the key of the jam never appeared to move or even

shift . The surge waves would occasionally overtop the ice sheet,

sending smaller ice fragments rushing over the surface of the sheet.

Towards the end of the day , the ice sheet was beginning to deform.

Incident solar radiation, erosion and shear stresses were rapidly

deteriorating this massive ice block and final observations , showed it

to have buckled in an undulating wave and fractured in places.

Observers at the Gold Cr-eek Bridge reported tremendous volumes of

ice flowing downstream at 6 p .m . on May 4 indicating that the jam at

Slough 21 had released probably about 1 hour earlier.

The ice released at Slough 21 continued downstream unobstructed

until contacting the jam adjacent to Slough 11 at river mile 134.5 .

The sudden influx of ice d isplaced the mainstem water and caused

rapid staging. Water levels increased sufficiently to breach berms

and flood the lower portion of Slough 11 adjacent to mainstem river

mile 135. The jam key at this site consisted of _shore-fast ice

constricting the mainstem flow to a narrow channel of no more than

50 f.,et. Large ice floes , mostly from the original jam at Gold Creek,

had lodged tightly in this bottleneck . Pressures appeared to be

exerted laterally against the shore-fast ice which inherently is
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resistant to movement due to the high friction coefficient of the

contacting river bed substrate.

On May 5, few significant changes were observed in the ice jams

despite warm, sunny weather and constantly increasing discharges

from the tributaries to the mainstem.

It was at first thought that when the ice broke at Slough 11 on

May 6, it would carry away the ice jam at Sherman and start a

sequence that could destroy the river ice cover potentially as far

downriver as Lane Creek. Th is was prevented by an event that

actually increased the stability of the jam at Sherman so that it held

for several more days . When the ice jam released near Slough 11 and

the debris approached the jam at Sherman, it created a momentary

surge of the water level. This surge broke loose huge sheets of

shore ice which slowly spun out into the mainstem. One triangular

ice sheet about 100 feet wide wedged tightly between two extended

sheets of shore-fast ice . Ice floes continu ing to accumulate against

the upstream edge of this wedge exerted tremendous pressures on the

obstruction . A pressure ridge rising at least 10 feet above the ice

formed along the contact surfaces of the wedge. This ridge consisted

of angular fragments and ice candles .

The water level continued to rise as the mainstem channel filled with

ice which eventually extended upstream to RM 132 .5. The ice jam

had lengthened to over 1.5 miles . Flooding quickly occurred on the

side channels adjacent to the mainstem and some ice drifted away f rom

the main channel. The volume of water flowing through the s ide

channel was estimated at approximately 2.000 cfs, as the ice jam

consolidated and the water level rose, even more water was diverted

through the bypass channels. This volume of diverted flow was

critical to the stability and duration of the ice jam . Even though the

jam increased in size, any additional hydrostatic pressure was
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relieved by diverting water into the side channels. The entire

sequence of events lasted only about 10 to 15 minutes . The water

level rose over 1 foot during this time span. Consolidations would

occur periodically for the rest of the day but the jam key would

never be observed to shift .

Other jams on May 5 were located at:

Slough 9 at RM 129

Slough 7 at RM 122

Curry at RM 120.5

Lane Creek at RM 113

A small jam at RM 126 near Slough 8 consolidated and the resulting

surge started a rap id disintegration of the remaining deteriorated ice

cover down to the mouth of Slough 8 near Skull Creek . This same

surge appeared to have breached the ent rance berm to Slough 8 .

Slough 9 was also flooded by the jam near the head of this channel.

The Slough 7 ice jam received some additional floes when the jam at

Slough 8 released . This resulted in a gain of ice mass suffic ient to

cause a rise in water level and flooding at RM 123.

At 6 :30 p .m. on May 6, a moving ice mass that stretched from RM 136

to RM 138, with lesser concentrations extending for many more miles

upstream , was observed approaching the Sherman ice jam,

Unfortunately , the consequences of this on the Sherman jam were not

observed . The condition of the floes ind icated that this ice

originated from above Devil Canyon . The well -rounded floes appeared

to be no larger than foot in diameter and were presumably shaped

by the high number of collisions e xperienced in the turbulent rapids

th rough Devil Canyon. Reconnaissance of the river above Dev il

Canyon on May 6 revealed a mainstem entirely clear of an ice cover.

Stranded ice floes and fragments littered the river banks up to the

-----------_....-ljj..------------
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confluence of Fog Creek . In several s ho r t reaches from here

upstream to Watana , the ice cover remained intact . A large jam had

deve loped near the proposed Watana damsite and extended

approximately 1 mile .

The entire river from the Watana Creek confluence down to the Parks

Highway was reconnoitered on May 7.

persisted :

Key Location

Watana Damsite

Sherman , RM 131.5

Slough 7 , RM 122

Slough GA, RM 112 .5

The follow ing ice jams

Length

1 mile

3.5 miles

1 mile

2 miles

Downstream from the jam at Slough GA, the river retained an

intermittent ice cover that was severely decayed and flooded. Below

the Chulitna confluence , the mainstem was ice free and no ice jams

were o: lserved . The reaches between the remain ing ice jams were

generally wide open . The Cu rry jam had released ov e r n ig ht and

traveled all the way to the Lane Creek jam . Here, the sudden

increase in ice mass shoved the entire ice jam downstream about

1 mile where it again encountered a solid but decayed ice cover.

At about 10 :30 p .m . on May 8, the ice jam at Sherman released ,

sending the total 3 .5 miles of accumulated ice drifting downstream

en masse at approximately 4-5 feet per second . Th is accumulation of

ice, representing many thousands of tons, eas ily removed the

remaining ice jams at Slough 7 and Slough GA . In addit ion, the last

solid ice cover from Slough GA at RM 112 down to the Chulitna and

Sus itna confluence at RM 98.5 was destroyed and replaced by one

long , massive ice jam. This jam extended continuously from RM 99.5
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to RM 104 and then was interrupted by an open water section up to

RM 107 . At this po int a second ice jam resumed upstream to RM

109 .5 . Th is blockage was later measured to be ove r 16 feet thick in

some sections but more commonly was about 13 feet th ick. Water

seemed to be flowing through the ice jam and in some areas was
roiling at the ice surface.

These ice jams released on the night of May 9 . Further observations

were conducted on May 10 between RM 109 and RM 110 . Along this

reach, the f inal ice release had left accumulations of ice and debris

stranded on the river banks. When the ice jams released , the ice

floes piled up along the marg ins d id not move. probably due to

strong fr ictional forces against the boulder strewn shoreline . This

created a f racture line parallel to the flow vector whe re s hea r

stresses were relieved. The main body of the ice jam flowed

downstream leaving s t ra nded ice deposits with smooth ve r ti ca l walls

at the edge of water. These shear walls at RM 108 .5 were 16 feet

high . The extreme height of the water s u rface with in the ice jam was

demarcated by a d ifference in color . A dark b rown layer represented

the area through which water had flowed and deposited sediment in

the ice pack . A wh ite layer near the surface was free of sediment

and probably was not in u nd at ed by flowing water .

On May 10, the only relllaining Ice in the main stem was on the upper

ri ver above Watana. Here an ice jam about 1.5 miles long had
developed near Jay Creek .

Ice floes continued to drift downstream for several weeks after the

final ice jam at Chase released . As inc r eas ing discharges gradually

raised the water level , ice floes that had been left stranded by ice

jam surge waves were carried away by the current. On May 21 , the

mass ive deposits of ice f loes , fragments, slush , and debris were still
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intact near Whiskers Creek and probably would not be washed away

until a high summer flow.

The ice breakup of 1983 occurred over a longer time span than in

previous years according tv historical information and local residents.

This is primarily due to the lack of precipitation during the critical

period when the ice cover had decayed and could easily and quickly

have been destroyed by a sudden, area-wide stage increase . During

a year with more precipitation in late April, ice jams of greater

magnitude may form and cause substantially more flooding and

subsequent damage by e rosion and ice scouring .

Several important aspects related to ice jams were observed this year

and are summarized here :

1. Scour holes are often indi ca tor s of ice jam locations.

2. Ice jams generally

configuration , that is ,

channel along one bank.

occur in areas of similar channel

shallow with a narrow confined thalweg

3 . Ice jams commonly occur adjacent to side channels or sloughs .

4. Sloughs act as bypass channels during extreme mainstem stages ,

often relieving the hydrostatic pressure from ice jams and

controlling the wate r level in the main channel. Ice jam flooding

probably formed the_~aj~rity of the sloughs between Curry and

Gold Creek.

5 . Ice jams commonly create surge waves during consolidat ion which

heave ice laterally onto the overban k .
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G. Large ice sheets can break loose from shore-fast ice and wedge

across the mainstem channel , creating extremely stable jams that

gene rally only release when the ice deca ys .
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TABLE 5.1

WATER STAGE AND RIVER ICE THICKNESS
MEASUREMENTS AT SELECTED MAINSTEM LOCATIONS
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TABLE 5 .1 (Cont inued)

I Ice Surface Top of Ice

Th ic kness Elevat ion 1 Elevat ion1 Veloci ty3
(ft) ( ft) ( ft) ft /sec

I April 29, 1983

I Gold Cree k Discharge:

Obse rv ed 2 = 4100 cfs
USGS =3100 efs

I Portage C reek 2.81 833 .04 ( - 1 . 18) 834 .00 ( -2 .9 6)
Slough 21, lRX-57 3 .85 753 . 10 754 .52 ( - .22) 2 .4

I
Slough 21, lRX-54 2. 91 (- . 09) 732 .32 733 . 25
Gold C reek 681. 94
Slough 11 , Mouth 1. 25 [1. 23] [2 .53]
Slough 9 , Sherma n 617 . 29 ( +.1) - 5 .4

I Slough 9 , Mouth 2. 02 [5 . 80] (+ .2) [5 .64] ( - .06)
Slough 8 , Head 5 . 0
Slough 8, lRX- 28 552. 51 (+ . 13)

I
Curry 3 .04 522 .64 (+ . 18) 524 . 77
Mc Kenz ie Creek 488.05 ( +. 13)
lane C reek 2.88 [4 . 18] (+ . 17) [4 .80]
lRX-9 380 .63 ( +1. 31)

I Tal ke etna Air s trip [0 . 55]

I
April 30, 1983

Gold Creek Discha rge :

I
Obs e rved2 = 4325 efs
USGS =3300 cfs

Portage C reek 2. 54 ( -. 30) 833 .09 833 .85 ( - . 20 )

I Slough 21 , lRX-57 3. 95 ( +. 10 ) 753 . 74 (+ . 64) 754 . 52 2. 8
Sloug h 21 , lRX-54 2.90 731 .51 ( - .81) 733 . 15 ( - . 10) 1. 5
Gold C reek 682 .05 (+ . 11) 3 . 6

I
Slough 9 , Mouth 1. 31 ( - . 20) [5 .82] [5 . 54] (- . 10 )
Slough 8 , Head - - 5 .7
lane C re e k 2 . 92 [3 .90] ( -.28) [4.83] 5 .3
l RX-11 [1. 81] (- .4)

I lRX-3 3 . 61 343 .43 ( +2.46) 342.97 ( +. 57)

I
I
I - 10 7 -

- - -~~- -
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TABLE 5.1 (Continued)

•

Ice Surface Top of Ice
Thickness Elevation 1

Elevation 1 Velocity3
(ft) (ft) (ft) ft/sec

May 1, 1983

Gold Creek Discharge:

Observed2 = 4700 cfs
USGS = 3600 cfs

Portage Creek 2. 11 833 .27 (+.2) 833.40 (+ .4)
Slough 21, LRX-57 3 .89 752.54 ( - .6) 754 .41 (-.1)
Slough 21, LRX-54 2 .90 733.09 (+1.6) 733.35 (+.2)
Gold Creek 682 .20 (+.15)
Slough 8 , Head 6.5Curry 2 .93 ( . 1) 523 .21 (+ .6) 524 .64 ( - . 1)
Lane Creek 3 .01 [6 .85] (+2.95) [6 .63] (+1.80)

May 2, 1983

Gold Creek Discharge :

Observed2 = 5750 cfs
USGS = 3900 cfs

Portage Creek 2.16 833 .63 (+ .36) 833 .66 (+.26)
Slough 21, LRX-57 3 .90 753 .02 (+ .48) 754 .45
Slough 21 , LRX-54 2 .83 731 . 74 (-1.4) 733 .09 (- .24)
Gold Creek 682.62 (+ .42)
Slough 8 , Head 8.1
Lane Creek 2 .92 [6 .37] ( - .48) [6.50] (- .13)

May 3, 1983

Gold Creek Discharge :

Observed2 = 6180 cfs
USGS = 4200 cfs

Sloug h 21, LRX-54 2.81 (- .09) 731.91 (+.17) 733 .08 (-.27)
Slough 11, Mouth [4.88] (+3 .65)
Slough 8 , Head 9.6

- 108 -
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TABLE 5.1 (Continued)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I

s5 /gg4

May 4, 1983

Gold Creek Discharge :

Observed2 = 6180 cfs
USGS = 4500 cfs

Gold Creek
Slough 8, Head

May 5 , 1983

Gold Creek Discharge :

Observed2 = no data
USGS = 4900 cfs

Slough 9, H9 berm
Slough 9, Sherman

May 6, 1983

Gold Creek Discharge :

Observed2 = 10 .920 cfs
USGS = 5400 cfs

Gold Creek

Ice

Thickness
(ft)

(breached )

Surface

Elevation 1

(ft)

682 .78 (+.16)

606 .51
620 .89 (+3 .60)

684 .15 (+1.37)

- 109 -

Top of Ice

Elevat ion 1
(ft)

Velociti
ft/sec

9.2
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TABLE 5 .1 (Continued)

May 10, 1983

Gold Creek Discharge :
?

Observed- = 14,350 cfs
USGS = 5800 cfs

Gold Creek

Ice

Thickness
( ft)

Su rface

Elevation 1
(ft)

684 .97 (+ . 82)

Top of Ice

Elevation 1
(ft)

Ve loc it y3
ft/sec

1. Values in brackets [ ] represent re lat iv e elevations based on an arbitrary
datum from a tempora ry benchmark ad jacent to the site . Values in parenthesis
denote the inc rease (+) or decrease (-) since the previous measurement .

2 . Observed discharges were extrapolated from the U.S .G .S . stage/discharge
curve and are based on staff gage readings .

3 . Ve loc iti'e s represent measurements obta ined at one poi nt on a section at a depth
of 2 feet,
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I TAB LE 5. 2

I
SUSITNA RIVER AT SUSITNA STAT ION

BREA KUP OBSERVATIONS ON THE MAINST EM

Staff Mean Air

I Gauge 1 Temperatu re 2 Ice Thickness
Date ( ft ) (OC) (ft) Weather

I
April 1983

1 4 .7
2 4.7
3 0 .8 3 .3 Cloudy

I 4 6.18 2. 8 3 .3 Rain /Snow
5 6.23 3 .1 3.3 Snow
6 6.30 3 .1 3 .3 Snow

I
7 6 .33 3 .3 3 .3 Cloudy
8 6.33 3 .1 3 .3 Cloudy
9 6 .35 3 .6 3 .3 Su nny

10 6 .35 0 .3 3 .3 Sunny

I 11 6.35 0. 0 3 .3 Sun ny
12 6 .35 0 . 6 3 .3 Snow
13 6 .30 2.5 3 .3 Sn ow

I
14 6 .40 4 .7 3.3 Rain
15 6.40 1. 9 3 .3 Rain
16 6 .58 3 .6 3 .3 Snow
17 6.68 1.9 3 .3 Rain

I 18 6 .78 3 .3 3 .2 Snow
19 6.90 3 .6 3 .2 Cloudy
20 7 .00 3 .6 3. 1 Cloudy

I
21 7 .10 4 . 2 2 .8 Sunny
22 7 .33 6.4 2 . 6 Cloudy
23 7 .63 6. 9 2 .6 Rai n
24 7 .95 6. 9 2 .4 Sunny

I 25 8 . 68 10 .0 2 .3 Su nny
26 9 . 43 7.5 2 .3 Su nn y
27 11. 10 6. 1 2 .2 Su nn y

I
28 11.45 3 .6 2 .1 Cloudy
29 11.00 5 .6 2. 1 Cloudy
30 11.45 3 .6 1.9 Sunn y

I Ma y 1983
1 6.4 Sunny
2 5. 0 Ice began movi ng Cloudy

I
3 6.9 Ice flow ing Cloudy
4 5.6 Ice flowing Cloudy
5 5.8 Ice flowing Cloudy
6 6.7 Open Sunny

I 7 8 . 3 Open Sunny
8 9 .4 Open Sunny
9 9.2 Open Sunny

I 10 9.2 Open Cloudy
11 11. 1 Open Cloudy
12 12.5 Open Cloudy

I 1. Relat ive elevat ion based on an a rb itrary datum .
2. Average of the max imum and min imum temperatures .
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TABLE 5 .3

SUSIT NA RIVER AT THE DESHKA RIVER CONFLUENCE
BREAKUP OBSERVATIONS ON T HE MAINSTEM

Staff Mean Air Snow

Gauge 1 Temperatu re 2 Ice Thickne<s Depth
Date (ft) (DC) (ft) (ft) Weather

April 1983
1 0 .00 1.4 3 .7 Sunny
2 0 .00 1.7 Sun ny
3 0 .00 1.1 Sunny
4 0 .00 3. 3 Snow
5 0 .00 1.7 Rain
6 0 .00 1.9 Fog
7 0 .00 1.1 Sunny
8 0 .00 1.7 Cloudy
9 0 .00 2 .2 Cloudy

10 0.00 -1. 1 0 .10 Sunny
11 0.00 -5 .8 0.20 Cloudy
12 0.10 -0 .6 1.20 Snow
13 0.10 1.9 0 .80 Cloudy
14 0 .20 3 .1
15 0.40 3.3
16 0 .50 4 .2
17 0 .50 1.7 1.0 Snow
18 0 .60 2 .8 Cloudy
19 0 .70 4 .2 Cloudy
20 1.00 4 .2 Cloudy
21 1.00 4.7 Sunny
22 1.20 6.7 Rain
23 2 .00 5 .8
24 2.40 7 .2 Sunny
25 3.40 5 .8 Sunny
26 3.40 6 .7 Sunny
27 3.80 6.4 Sunny
28 3.80 3 .6 Cloudy
29 3 .80 6 . 1 Rain
30 4 .10 6 .4

May 1983
1 4 .30 6.7
2 8.3
3 7 .5
4 7.8 Ice began moving
5 6 .9 Ice flow ing
6 1.00 6. 1 Ice flow ing
7 1.20 7.8 Ice flowing
8 1.20 9 .2 Ice flowing
9 1.20 9. 7 Ice flowing

10 1.00 8.9 Ice flow ing
11 1.00 8 . 6 Open
12 1. 10 10.3 Open
13 1.90 10.6 Open
14 1.50 10.3 Open
15 1.50 10.6 Open

1. Relative elevation based on an arb itrary datum .
2 . Average of the da ily maximum and minimum temperatures .

- 112 -
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I TABLE 5.4

I
SUSITNA RIVER AT GOLD CREEK

BREAKUP OBSERVATIONS ON THE MAINSTEM

I Open
Staff Mean Air Channel
Gauge (1) Discharge (2) Temperatu re (3)

Width
(4)

I Date (tt) (cfs ) (OC) (ft) Weathe r

April 1983

I
17 1700 2.8 16 Snowing
18 1800 5 .6 16 Partly Sunny
19 1800 6.9 20 Sunny
20 1900 5.8 25 Sunny

I 21 2000 8 .6 40 Sunny
22 2000 8.3 40 Rain
23 2 .80 2100 9.7 40 Pa rtly Cloud y

I 24 2.90 2300 12.5 40 Sunny
25 2400 8.9 40 Sunny
26 2500 8.6 40 Sunny
27 2 .57 2700 9 .2 50 Sunny

I 28 2.49 2900 7.5 80 Cloudy
29 2.49 3100 5 .0 150 Rain
30 2.65 3300 200 Sunny

I May 1983
1 2 .75 3600 8.1 Open Sunny

I
2 3 .17 3900 8.3 Open Sunny
3 3 .30 4200 7.2 Open Rain
4 3.33 4500 8 .6 Open Sunny
5 4900 7 .2 Open Sunny

I 6 4 .70 5400 Open Sunny
7 5 .52 5800 Open Sunny
8 6400 Open Sunny

I
9 7200 Open Sunny

10 8000 Open Partly Cloudy

" 9000 Open Sunny

I
I 1. Relative elevations based on an arbitrary datum.

2. Prov isional data subject to rev is ion by the U. S . Geological Survey , Water Resources

I Division , Anchorage , AK.

3 . Average of the dail y maximum and min imum temperatures .

I 4. Visua l estimation based on one da ily observation .

I
- 113 -
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PHOTO 5.1
Ice cover in Dev il Canyon at r iver mile 151 on October 20, 1982 . The ice
th ickness a long t he s hore is about 4 feet and will eventually th ic ken to over
15 feet . Flow is from lowe r left to upper r ight .

SUSITNA JOINT VENTURE
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PHOTO 5.2
View look ing upstream at r iver mile 107 on April 7, 1983. Water filled
depress ions in the ice cover, en largement of open leads, and accumu lations of
ice fragments on the downstream end of leads are evident and are usually the
first ind ications of breakup.
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PHOTO 5.3
View looking downstream on the upper Susitna River near the confluence of Fog
Creek. By April 28, 1983 much of the snow cover had melted, exposing the
bare ice to direct incident solar radiation . The" ' t e r level had increased
sufficiently to overflow on the ice cover and widen the channel .

SUS/TNA JO/NT VENTURE
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PHOTO 5.4
and became entrapped in the slush ice during
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This moose fell through
freeze-up.
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PHOTO 5.6
The confluence of Deadhorse Creek (at Curry) on April 28 , 1983. Flow on the
mainstem is from right to left . Open lead on the right is enlarging and
fragments of ice are accumulating against the solid ice cover at the downstr-eam
end .

PHOTO 5.5
This photo shows a ' large ice jam at Curry on May 6, 1983. This jam was
gradually progressing downstream as the sol id ice cover holding back the debris
slowly disintegrated .
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PHOTO 5 .8
This is a close-up view of the ice blocks shoved over the r iver bank at
Slough 21 on May 5, 1983 . Note the debris scoured by the ice .

SUSITNA JOINT VEN7"URE
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PHOTO 5.7
When this ice jam adjacent to Slough 21 consol idated on May 4, 1983 it created a
surge wave that snapped loose the shore ice and heaved blocks onto a gravel
island. The view is look ing upstream along the south bank . This ice is about 4
feet th ick and the area affected by the surge extended several hundred feet.
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PHOTO 5.9
Gravel and cobble size particles being rafted downstream on ice floes near
Slough 21 on May 5, 1983.

PHOTO 5 .10
This shows the key of an ice jam ad jacent to Slough 11 releas ing. Th is jam was
about .7 miles long on May 6, 1983 . The pressure exerted on the shcre-fost
.ce by th is accumulation snapped loose these mass ive ice sheets.

SUS/TNA JO/NT VENTURE
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PHOTO 5.11
An aeria l view of the ice jam nea r Sherman at r iver mile 131 .5 on May 6, 1983 .
T he f low is from left to r ight . T he orig inal jam had released but t he large ice
s heets wedged and created th is new , and ve ry stable , ice jam that lasted for 2
days .

PHOTO 5 .12
Th is is a close-up view of the ice sheet that wedged near Sherman. Massive
blocks of ice had fragmented and formed ridges along the shear surfaces .
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PHOTO 5.14
The ice jam ~t Sherman accumu lated over 1 mile of debris . The subsequent
staging and p ressure with in the ice pack shoved floes onto the forested is la nd s.
Th is often knoc ked trees down and caused ice scouring .

SIJSITNA JOINT VENTlJRE
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PHOTO 5.13
The ice sheets hold ing back the ice jam at Sherman g radually decayed and
weakened . They are shown here on May 8 , buckled and fractured jus t before
they released. Flow is from r ight to left .
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PHOTO 5.16
This photo shows the effects of an ice jam near the Susitna confluence at river
mile 98 that caused flooding on the adjacent terrace plain . sending ice floes
deep into the forest.

SUSITNA JOINT VENTURE
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PHOTO 5.15
The main stem channel at Sherman was choked with ice and debris which
redirected flow into a side channel adjacent to the mainstem. This is land was
f looded after the jam consolidated and raised the water level about 2 feet on
May e, 1983.
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PHOTO 5 .17
After the ice jam released at Curry on May 7, these ice blocks remained
stranded on the gravel bar below Deadhorse Creek . Some are over 6 feet
th ick . The large block on the right rests on an extensive layer of sol id ice
about 0 .5 foot thick .

PHOTO 5.18
Poorly s,raded , angular particles shoved up onto an
the ice jam release on May 5, 1983.
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PHOTO 5 .20
S~ratigraphy within an ice cover fragment showing alternate layers of packed
slush ice and rigid ice lenses . Tape is inc reme nt ed in tenths of a foot.

PHOTO 5. 19
Massive blocks of consolidated slush ice with clear ice lenses . The ice cover,
consisting of packed slush ice, is in he re ntl y weak and will fracture easily if not
supported by water or surrounding ice.
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PHOTO 5 . 21
Large ice fragment stranded on a bank afte r the ice jam at river mile 107
r-eleased . The rod is 13 feet high .

SUSITNA JOINT VEN TURE
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PHOTO 5 . 22
The characteristic ri ppling on the unde rside of an ice cov er . This eros ion
featu re is cau sed by t he act ion of waves in t u rbulent reaches .
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I'HOTO 5 .24
View of t he shear wall along accumulated ice debris stranded on the right bank
near r iver mile 110. Flow is from right to left. This photograph was taken on
May 10, 1983 about 8 hours after the ice jam released . The wall is about 16
feet high .

PHOTO 5.23
Ice debris piled onto the r iver bank at r iver mile 101 .5 . The shear wall is
approx imately 14 feet high . T he water lev el attained during the ice jam is
ind icat ed by a line separating the dark laye r , with a high sediment
concentration, from a lighter and thinner laye r on the surface .
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PHOTO 5.25
After the ice jam released near Chase, the ice severely scoured the ri ve r
banks and carried away la rge trees.

PHOTO 5.26
This photo was t aken on May 7, 1976 from the Gold Creek Bridge , look ing
downstream towards Slough 11 . The mainstem is completely ice choked and
much flow has been d iverted to the left int o Slough II.
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6.0 SEDIMENT TRANSPORT

The transportation of sed iments decreases substantiall y between freeze -up

and breakup primarily because of the elimination of glacial sed iment inp ut .

The glac iers contr ibute t he majority of the suspended sed ime nt b y volume

to the Sus itna . Othe r factors that significantly influence the sediment

reg ime are turbulence , velocity , and d ischarge , all of wh ich are greatly

reduced during the winter . The advent of fraz il ice in October , however,

greatly increases the comple xity of sed iment tra nsport by prov id ing a

variety of processes by which pa rticles , both in s uspens ion and saltat ion,

can be moved. Ice nucleation , suspended sediment f iltration , and

entrainment of larger particles in anchor ice are some of the processes

descr ibed in th is section . The dramatic natu re of brea kup oft e n

int rod uces sediment to the flow by re -entraini ng particles that ha d settled

to the bottom. This ice event is characteristi cally accompanied by ice

scouring and erosion during extreme stages . Ice jam ind uced flooding

commonly f lus hes sediments from side channels and sloughs. Ice blocks

a re heaved onto r iver ba n ks o r scraped aga in st unconsol idated depos it ional

sed iments , remov ing soi ls which may become entrained in the turbu lent

flow and carried downst ream .

laboratory in ves ti g ati ons have determined that ice read ily nucleates a round

s upercoo led particles. T hese pa rti cl es may be in the form of o rg a ni c

detritus , soils , or even water droplets (Osterkamp , 1978). The Sus itna

River prior to freeze-up abounds in clay size sediment part icles which may

form the nucleus of fruil ice crystals . The f irst occurrence of f razi l is

gene ra lly also mar ked by a reduct ion in tu rb id ity. Visua l observa ti ons

seem to indi cat e that the dec rease in turb idity is proportional to the

increase in frazil ice discharge . The Susitna has ofte n been observed to

clear up overnight during heavy slush f lows . It is not certain whether

th is occurs because of the nucleation p rocess or by f iltration .

As described in previous sections , frazil ice crystals tend to flocculate into

clusters and adhere together as well as to other objects . When frazil
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floccules agglomerate they form loosely packed slush (Newbury, 1978) .

Water is able to pass through this s lus h but suspended sediments are

f iltered out . Sediment particles are therefore entrained in the

accumulating ice pack. Ice shavings from bore holes drilled through the

ice often contain silt -size part icles of sediment . Early flows of slush ice

accumulate on the lower r iver below Susitna Stat ion and progress ively

advance upstream . These early slush floes possibly f ilter high sediment

concentrations in October and retain them in suspension all winter .

When frazil ice collects on rocks ly ing on the channel bottom, it is

referred :0 as anchor ice (Michel , 1971) . Anchor ice is usually a

temporary feature , commonly forming at n ight when a ir temperatures a re

coldest, and releas ing du r ing the day . Like slush ice, anchor ice is

porous and often has d dark brown color f rom high sediment

concentrations. These sed iment part icles were either once suspended and

subsequently filtered o ut of the water or e lse were transported by

saltation until they adhered on contact with the frazil. When ancho r ice

breaks loose from the bottom , it generally lacks the structural competence

to float any part icles larger than gravel-size . Clusters of released anchor

ice , suspended in the ice pack and clear border ice, have been observed

near Gold Creek. Frazil slush is therefore an effective med ium for

sediment transport during freeze-up whether the process is nucleation ,

f iltration or entrapment .

An ice cover advancing upstream can cause a local rise in water levels,

often flooding previously dry side channels and sloughs . Substantial

vo lumes of slush ice may accompany th is flooding. On December 15, 1982.

Sloughs 8 and 8A were flooded when the ice pack inc reased in thickness

on the mainstem immediately adjacent to the slough entrance . These

sloughs received a disproportionate volume of slush ice relative to water

volume since the water breaching the berm cons tituted only the very top

layer of mainstem flow . The majority of slush ice floats near the wate r

surface despite on ly min imal buoyancy . The flow sp illing over the slough

berms therefore carried a high concent ration of ice . This slush ice and
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entrained sediment rapidly accumulated into an ice cover that progressed

up the ent ire length of Slough 8A .

Side channels and sloughs that were breached during freeze-up and filled

with slush ice are not necessarily flooded during breakup. If these

sloughs are not inundated then the ice cover begins to deteriorate in

place . The ent rained sediment consolidates in a layer on the ice surface

and effectively reduces the albedo, further inc reasing the melt rate . What

finally rema ins is a layer of f ine silt up to ! inch thick covering the

channel bottom and shoreline .

If berms are breached during breakup, then ice fragments from the main

channel are washed into the slough and usually become st randed when

flows d issipate . These ice floes then simply melt in situ, depositing their

sediment load in the side channel. This occurred in May 1983 when the

" AS" access channel to Slo ugh 21 flooded during a major mainstem ice jam.

Shore-fast ice along the perimeter of an ice jam is usually not floating .

When debris accumulating beh ind a jam consolidates , the resulting surge

wave may provide the critical lifting force to suddently sh ift the bcrder

ice. Th is occurred near Slough 21 on May 4 , 1983 . Tons of ice were

shoved onto a gravel is la nd entraining particles up t o boulder-s ize and

producing ridges of cobbles, gravels and organics . By th is process of

laterally shoving substrate mate rial, ice can build up or destroy

considerable berms and decrease the size of 8 rave l bars near ice jam

locations . When the lateral pressu re exerted by ice is compl icated by

simultaneous downstream movement such as during an ice jam release , the

effects on the river banks can be devastating . Many cubic feet of bank

material was scoured away in minutes when massive jams released near

Slough 21 , Sherman, and Chase in May 1983 .

An int e res t ing phenomenon observed during b reakup was the effect ive

f iltering capability of ice jams and indiv idual ice blocks. Sediment-Iadened

water flows through the many channels and interstices between the
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fragments in an ice jam . These interstices are us ua lly f illed with porous

slush which removes suspended sediments from the water. Ice jams can

concentrate sediment in this manner and often become very dark in color .

As discussed , Susitna River ice generally consists of alternating layers of

rigid, impermeable clear ice and porous, loosely packed, rounded crystals

of metamorphosed frazil ice. Water can percolate through the permeable

layers wh ich strain out suspended sediment particles. This sediment

becomes concentrated when the ice melts and is either re-entrained into

suspension or depos ited on the river bank if the ice floes were stranded .

-131-



s16 /z

7.0 ENVIRONMENTAL EFFECTS

This section briefly discusses the s ign ificant aspects of river ice relative

to channel morphology, aquatic and terrestrial habitats, and vegetation .

Ice obstructions in the thalweg resul t in hydraulic scouring, flow

diversions and flooding of isolat ed ~Iough s . Ice floes shifting during

f reeze-up and the transportation of ice blocks by breakup floods can

remove bank and bed material and create vegetation trim lines . 9_n._~ h e

upper Susitna River between the Chulitna confluence and Dev il Canyon,

there are reaches especially prone to annual ice damage w tli~the r iver

below Talkeetna rarel y exper iences dramatic ice events . This can be

attributed to contras ti ng ri ver morphology , the upper ri ver is narrow and

steep and the lower r ive r is generally broad and shallow .

7 . 1 Susitna River Below the Chulitna River Confluence

Th is section of river is character ized by a broad , multichannel

configuration with d istances between vegetated banks often e xceeding

1 mile. The thalweg is represented by a relati vely deep meande ring

channel that usually occu p ies less than 20 percent of the total bank

to bank width . At low winter f lows, therefore , the thalweg is

bordered by an e xpanse of sand and gravel.

The variation in ave rage monthly discharges are extreme for total

flows below Talkeetna , normally ranging from about 3,000 cfs in

March at Sun shine t o over 60. 000 cfs dur ing the summer , with pea k

flows being much higher . The stage fluctuations corresponding to

these discharges are usually not severe because the broad channel

has a h igh flow capacity . Ice cover progress ion frequently incre~

the~ge about 1-2 feet above normal Octob~!ter-'e~,:.'s . No

significant flooding takes pl~~~, for even at these stages the flow

usually remains well within the channel boundaries . The lower river

ice cove r is therefore often confined to the thalweg and surface
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~reakuP--lce jams have occurred near the confluence .of Montan.!'_C ~e~k

and also at river miles 85.5 and 89. Extensive areas of gravel and-- - -----.-
sand were flooded in 1983 despite minimal stage increases . The- • _ _ 0 _ __

side channels were affected only by water

This section below the confluence .....egularly_. experiences _extensive

flooding during summer storms . These seem. to h.!'ve sig ~ifican.!.ly

more effect o '!......t~. riverine environment than processes associated

with ice cover formation .

Tributaries to the lower river seldom enter the mainstem directly .

Willow, Kashwitna , and Sheep Creeks first flow into side channels and

are rarely affected by stage increases due to ice cover progression .

Montana Creek however, feeds the thalweg channel and on

October 28, 1982 the confluence was flooded by about 1 foot of slush

ice which subsequently froze. This ice cover had little effect on the

tributary flow regime since the streamflow quickly opened a channel

through the slush . Rabideux Slough was flooded with saturated slush

on October 29. The ice cover had reached the Parks Highway Bridge

and caused water levels to rise about 2 feet. This was sufficient to

overtop the berms normally isolating the s lough. The staged water

had expanded out of the thalweg channel and reached both banks at

the bridge. Portions of Birch Creek Slough, Sunshine Slough,

Rabideux Slough and Goose Creek Slough. were also inundated by

slush and formed an ice cover . Groundwater seeping into these

channels, however, prevented a continuous cover from remaining all

winter.

~fi l es do not approach the vegetation trim line a ~ong the ban ks.

The existing trim lines are indicators of peak summer flows rather

than ice scou r ,

majorit of the inundated

~d- - no erosion or s~g--b'--y~lc-e-b-lo-cKs was observed .
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Susitna River Above the Chulitna River Confluence

The effects of r ive r ice between the Chulitna confluence at RM 98 and

Portage Creek at RM 149 are evident by the ice scars on trees, the

scoured sloughs and side channels, and the drumlin shaped islands .

Under normal winter conditions, the ice is act ively affecting channel

morpholog)C'~!:letat1on, terrestrial and aquatic habitats , and

g~,,-,,-,,!er_lev.!'ls . This reach could be sev~':!.y im~cted by ice

regime mod ifications induced by- inc reas ed winter discharges from

hydroelectric dam pr-ojects at Devil Canyon and Watana .

Slush ice can obstruct the flow in the mainstem and divert water and- ---- .- - - ~---

ice into side channels . Th is has been observed annually on the river

r , .rch between Whiske rs Creek and the Chulitna confluence. The

shallow, multichannel area between Slough 8 and g also frequently has

flows red irect ed by slush ice obstructions . These f low divers ions

during freeze-up however , do not cause much erosion or vegetation

damage.

Ice obstructions during breakup in the mainstem can divert large
- - -------- ---

volumes of ice into side channels. If the subsequent erosion is

/ severe and the side chan~1 bottom_is_lowered, then the mainstem flow

could permanently shift . This shift in flow from one bank to the

other will tend to enlarge the river boundaries . This :-rocess is

evident in an early stage at RM 130.6 and more advanced at

RM 112 .7 .

Scour holes occur where an ice cover or ice jam has created a

conduit , directing flow against the bottom . Velocit ies through these

confined channels cause great hydraulic forces which can scour the

bed mate r ial to considerable depths. Scour holes may therefore be

good indicators of frequently recurring ice jam locat ions. A typical

c ros s section at a scour hole consists of a shallow gravel bar on one

bank tapering to a deep and narrow thalweg along a vertical outcrop.
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Depth soundings at these cliffs somet imes indi cat e holes in excess of

25 feet (R&M , 1981a). Cross section surveys have id ent if ied scour

holes at the following locations : RM 135 .9 along the r ight bank ,

RM 131.4 along the left bank, and RM 128 .5, RM 126.5, and RM 120.5

along the right bank (See Append ix B) . These s ites correspond to

frequently recurring ice jam locations.

~pid and : xt reme staging at major ice jams occu rs during _l>.r:.~a_k up~_

Water levels generally continue to rise until e it he r the jam releases or

the water leaves the channel, inundating sloughs and flood ing

islands. On May 5 , 1983 near Sherman at RM 133 , a jam caused

extensive flooding that flowed over the forested is land s adjacent to

the mainstem . These flood stages pers isted for over 48 hours ,

leaving a depos it of sediment on the forest floor. The long-term

effects of these short duration floods are not known , however,

burrowing, nesting , and spawn ing habitats must certainly be

impacted .

The frequency of major ice jam events is often indicated by the age

or condition of vegetat ion on the upstream end of is land s in the

mainstem . Islands that are annually subjected to large jams usually

show a stand of ice scarred mature trees ending abruptly at a steep

and oft en undercut bank . A stand of young trees occupying the

upstream end of islands probably represents second generat ion growth

after a major ice jam event destroyed the original vegetation .

Denuded gravel bars may be advanced ice scou r features . Veg et ati on

is prevented from re-establishi ng by ice jams that completel y ov er r id e

these islands .

Ice jams do not consistently occur every year at the same locations .-------- - _. -I he ir magnitude and conditions controlling formation are usually

~pred~. Areas where jams occur freq uently are evident by

numerous side channels and sloughs. Major ice events probably

formed the sloughs ~w h en ice floes surmounted the r iver banks . Thet:» r' _ ~ , '/ ~ . . < r ~ _~ .
-< $-7 I '" ~ '-x" ," .
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s ize and confi uration of existing sloughs ~dependen t on . the

frequency of ice jammin in the adjacent mainstem . Susitna River

sloughs are usually flooded at high summer discharges when berms

normally isolating these side channels are breached . These berms

usually consist of unconsol idated particles larger than the hydraul ic

competence of the overtopping flow and therefore summer erosion is

often limited. Ice floes, however , weighing many hundred pounds

can easily move the bed materia l, substantially lowering the entrance

berms and the slough bottom. This was observed at Slough 21 in

May , 1983. A surge wave overtopped a shallow gravel bar that

isolated a side channel. The surge also created enough lifting force

to sh ift large ice floes . These floes barely floated but were carried

into the side channel by the onrush of water , dragg ing against the

bottom fo .. several hundred feet, dislodging cobbles , and scouring

trou9hs in the bed material . This same process will also enlarge the

sloughs. When staging is extreme in the mainstem and a large vo lume

of water sp ills over the berms , then ice floes drift into the side

channel scouring the banks and moving bed mater ial, thus expanding

the slough perimeter . This scouring action by ice can therefore

drastically alter the aquatic habitat . Summer flows that periodically

breach the sloughs are usually of low velocities and generally do little

to modify the channel, however , they may cause transport of silt and

sand within the channel.

By examination of the valley geomorphology , river morphology , and

ice processes , It s eems- that islands, gravel bars, river banks , and

the tha lweg are features more controlled by ice sco u ri ng and

overrid ing than by annual summer -fLoods . These floods often

approach the vegetat ion trim line along the bank , but many denuded

gravel bars rema in exposed even during the annual flood .

Based on observations from 1981 to 1983 , it seems that ice jam. have

s ignificant effects on riverine hab itats . As previously desc r ibed,

these effects can best be studied from Slough 21 dowr:stream to
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Chulitna confluence . A major jam has formed annually for the last 3

years from the Chulitna confluence (RM 90) to Chase (RM 108) . The

jam height of more than 15 feet was more than sufficient to override

all the gravel bars in the area and severely scour forested is land s .

When this jam broke and the ice moved downstream along both sides

of many mainstem islands, many feet of unconsolidated bank material

were removed . The islands between RM 107 and RM 100 (see

Appendix B) show the characteristic drumlin shape of mainstem river

ice erosion. 12'e moq~hQ)Q9i!: evidence ind icates that. this reach above

the Chul itna c(:>nf~nce cou ld be affected by accelerated ice erosion if

major jams were to occu r more frequently due to hydroelectric dam

operations .
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APPENDIX A

Monthly Meteorological Summaries fo r Weather

Stations at Denali , Watana, Devil Canyon. Sherman and Talkeet na
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un

RES ,
lUND
m.
MIS

RES .
WI~e

m.
eEC

...
'".n
I!II

"'...
l!U...
!U

II'
.n
IU......
InII....
HI

f.1f

U!

!U

II'...
!I'

"'H4...
!f!

H!

! H

!!!

XU

!'lEAN
ml' .
DECC
P ~ 1 .

f ltll

.i~ '
-31.3
-28.2
-21.8
-13.2
-2.5
-2.2

-10.9
-23.D
-IU
-10.1
-7.2

-11.2
-1D.8
-15.3
-11.6
,ii~j .
.ill .

~ .t
! I !lf

' r.'
fU I '

.. .- . .1
UHf

l!Ii.i~

~.~!;.~
UIH

IHW-. '.'
!lIti

.!M- : ..,n u t. '0..
l U I!

i......
-14.4-35 .4

U I II

IInl

-35.4
-32.0
-28.1
-21.9
-7.7
-5,D

-20 .1
-27. 4
-25,8
-12 .b
- 1Q.9
-1& ,8
-1&.3
-17.7
"IS.3
u n !
HUI

IIU I

nln
H I !I

HUt

UHI

U U!

III I!

iliff

nln
U!II

.nU l

MIN,
TEMP .
DEC C

H UI

~uu

2.7

MAX .
mp,
DECC

U I I!I

11111

-27.2
-24,3
-15.4
-4.4
2.1
,;

-1.0
-18.&
-9.8
-7.&
-3 .4
-5.5
-5,2

-12.9
-7.8

U u I

HII!

nnl
U U I

u n l
!lIU

In n
H UI

U l n

nUl

l U ll

U UI

7

30
31
MC~TH

3
4
5

•

DAY

8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
'0.,

??9 .D
9'19 .0
999 .0
999 , 0

INTERI..':":L S
HlTER'.'r,L

1 INTEr~ 'Jf\L

2. I NTEf)l...I(',L S

MIN US 2
MI NUS
PLUS
PLUS

GUST
GUST
GUST
GUST

MP,X,
MA X,
MAX,
MAX,

AT
,~ T

AT
AT

VE L .
t..'EL.
'JEL .
VEL.

GUBT
GUST
GUST
GUST

NOTE : RELATI VE HUM I DITY READ INGS ARE UNR ELI ABLE WHEN WI ND SPEEDS AR E ~E3S fHnN
ONE METER PER SECOND. SUCH READINGS HAV E NO T BEEN I NCLUDED IN THE JA I L~

OR MONTHLY ME nN FOR RE~AT IVE HUMIDITY AND DEW PO INT .
• ••• SEE NOTES AT THE BACK OF TH I S REPORT xx•• f
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I
I

:I: i-..l C .

I" 1'< D J i::: C ' j'

•7

UUI.
untt 29,1

22
23

l U H t 3:

.t AU *,

l ltH t

H n l . 24

UU., 12
.tU I U 13
tU1t1 14

15
l U l U 1&
U lttlt 17
alII.. 19

19

U lt.. 25

uuu

a
;

, ..... 10
U tlti 11

~H i ' S

5OL~ i

, ttuG"j utH
,m/Swn

t tlt i U 26
H IUI 27
uuu 28
U U I I 29
H U ll 3C

nUll

Hj ·u

fill

UU

fflil:

Uia

flU

fl t l

kill

Hn

Htl

'lilt

un

nu

tU.
un

tlU

n u

*u*
Itn
un

""..u
u n

....
Uti'

'H'
fill

u n

999 .0
9 '19 , n
9 9 9 . 0
9 9 9 .0

lU lU

H i'll

IUti

u n l

U ltt

nUl

l ltft

- 24.4

l U ff

l allt

H ilt

IIlIl

H U I

fUff

!'iAN
Dr me"

l EG C nn

- 21.9
-24.7
-1• •9

UII.

lItlf

-32,4
-35,1
-32.5

.""1

lun
IUtl

u . »
H 'UI

II

II

74

II

II

II

iI

53
59
71
B3

iI

iI

77
75
60

II..

II..

..

..
II

....
II

II..

H'

...

...
II.

"'

...
'H...
H'.....................

...

;;. rNT E i~lJ ALS

INT EK;".' AL
INTE I~ V AL

2 INTERVALS

lUi

au

i U I

u ....

Uti

• UI

ftll

UII

tin "t
n o ...

ItU

lin

lid

u u
I tt t

~AX.

GUSi I 'VAL nEAN
SID. DlK. iH
i1iS t

till III

ftll n l

U:tIt III

"II Ifl
HIU ::It»

lilt fit

1111 U ,

11111 1ft

1111 III

....
i UI

IUt

nl

II'

UI

II.

HI

II.

.11

MA.
tusr
m.
DEb

II.

" '
II'

II'

.11

II'

"'

' 11...
...
• iI

II'...

...

.lI

MI NUS
Ml i\fUS '",
PI_US I
PLUS

AI.JG .
"ihD
m.
, /S

GuST
GUST
GUS T
GUS T

its.
ijIrtD
SID .
:'li S

i'i14X ,
MAX.
M~X .

MAX.

iES.
mD
Dli .
DEb

AT
AT
AT

i~T

htAll
itllP •
me

i1itt.
i Ei'l?
~t~ C

GUST IiEL .
GUST VEL .
GUST IiEL .
GUST VEL.

N~X.

ia'.?.
l EGC

•~y

------------------------~--------------------------------------------------------------------------
1 ....UI lUll I~'~~ i" ..... U t i H. lilt .... It UUt Iltt: HUtl

2 i tiU UUt f~~!!; Itt -.U'H u ·H U f Ult ttl Ii IUd II" It"" 2
3 III . . 1111. IIIII lit IIII IfIt ~ l l Illtl III I I II I II Ift l al ttil 3-.. ....-
4 a UI tU" H~~. Itt Ilff H it Itf

5 til'" IIltf ._(,:~ III 1111 lUI lit

& UUf Ut" ._fJfJ.~ .... .... Uti Ut

i UIU f U tlt .t...~ *.. II" .....

B u..... nit. ii\ii IIf ..If ..n
. ~.--

9 tlill Itu.. t.I!!~ . ttl l U I UII kit

10 -UUt 11"'1 '~I!t~ . Ilf Ulf un
11 n.... UUI lUll nl un un
12 -25.9 -32.8 -29.4 fli Ifl.. ..fli

13 -20.3 -3•. 6 -32.2 .11 .... •...

14 -li,o -~2.1 - 25.3 III III. • ..11

15 -14.7 -24.4 -19.. ... .... ....1. -6 .3 -IB.2 -13.3 ••• •••• •••• •••
17 -I .b -H, B -11.2 til un U ti

!6 -5.6 -14.4 - 10. 1 .n .... 1111

19 -0.7 -13,& -10.2 1.1 1.11 t ill

20 -6.2 -19.1 -13.7 .11 ,... • ...

21 -12.0 -23.3 -18.0 It. lit I' tilt

22. -17.3 -24.7 - 21.0 iI' .u. ....
23 -16.5 -27,5 -22.0 111 11'1' ll il

24 -B.b -20.u -14.3 III -Uti H it

25 -13.5 -24.~ -19.0 l U lUI un
26 -9.5 -,1.0 -15.6 I I I tit. t I t .

27 -e .3 -19 .~ -13.9 Ifl I lIt t Hit

2B -5.6 -14.2 - 10. 0 ••• •••• ••••
29 -12.B -22.6 -17.8 III' u n u u
3D -a.B -23.t -15.6 l tt t ltl • • 11

31 -D .S - 13.0 -10,l tlt i .au u n H t

r:Otli H -} .~ -3i:l, ij - ~i , 1 Uf u u .un H I

MO NTHL i ' S UMM~ ~ \ Fe R DE~~ i_ I ~ EAT ~E ~ S'iA 'f ION
DA TA 'f AKEN DURI NG Ja n uaFy ! 1983

I
I

I
I

I

I

I

I
I

I

I

I

I

I

I
I

NOTE: RELATI VE hUMIDI TY READI NGS AR E U~R EL I A 8LE WHEN W I~D SPEEDS ARE LESS ThAN
ONE ME TER ? ER SECOND. SUCH READI NGS hAV E NOT BEEN INCLUDED IN THE DA IL Y
UR MONTHL Y MEAN FOR RELA TIVE hUMI DITY AND DEW PO INT .

~**k SEE ~OT ES AT 7 rlE BAC ~ OF Tnl S K~P ORT ~* k*
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R & M CONSULTANTS.

S U S I T N A HYDROEL ECTRIC PROJECT

MONTHLY SUMMAR Y FOR DENALI WEATHER STI,TIoN
DATA TAKEN DURING Februa ry , 1983

IES. IES . Al:;. Ml. Ml. DAY'S
Ml. IIIN. I1EIIIl Yllm YIND YIND QJSY QJSY ,.VAL I1EIIIl lIEAN SOl.AR

DAY 1D'I . TEl'i' • 1D'I. Ill. SPD . SPD. DII . Si'D. DlI. IH . DP PlEtI' OO>t DAY
DEH DEH DE; t DE; "'S "'5 DEG "'S 1 DEGe l1li IIlISQlI

I .7 -14.2 -6.8 tH Hit HH

_
IHI HI H HHI HH HHH I

2 -4.2 -11 .B -B.' tH tHt HH tH HH tH .. HHI HH IHtH Z
3 -3.7 -11.1 -7,4 tH IHI till tH tHi HI H HtH Hit Z4I 3
4 -4,6 -11 .9 -8,3 tH ttH Hit Ht HIt HI .. ttHt tHt 698 4
5 -4.4 -14.2 -9,3 tH HH IHI ... IHI 'H H IHI. Hit BI3 5
6 -3,6 -11.6 -7.6 tH fHt HIt ... .... HI .. HHI .tH 743 6
7 -3.Z -B.I -5.7 .H H" HH H. flH tH H HHI Hlf 851 7
B -5.3 -9.9 -7.6

_
H.f Hlf .H .... fH H .HIt .- S7B B

9 -9.Z -14.1 -11.6 tH H" IIH 'H HH HI H HHt Hlf m 9
II -1\.9 -22.4 -17.Z f.. HH .tH f.. • HI ... •• 111ft Htl B73 II
II -13.7 -Z4.9 -19.3 ftl HI. 'ftl ... tI..

_
•• .IIH .HI 1378 II

IZ -15.7 -26.8 -Z1.3 tH tItI ·t tH .tI HIt .tI .. HHt .... 94B IZ
13 -22.B -31.1 -Z6.4 tH tHO Htl tI. tI.. til II HtII Hlf 1555 13
14 -19.Z -31•• -25.4 ... .... HIt f.. HIt HI .. HIt. f ... 1758 14
IS -16.7 -31.2 -Z4.I .tI II" 'f.. ... .... 'H tI 11111 Hlf inS IS
16 -17.5 -31.4 -Z4.5 f.. f..f flH ..f 'f.. ... .f ..... .... IB45 16
17 -17 .6 -31.4 -Z4.5 • H H" H" fH ..fI HI .. Hili HH 11m 17
I~ -14.5 -31.0 -22.B fl. .... fltI ... HIt ... .. ...tI ••tI 1221 IB
19 -4,9 -19.1 -IZ. I ... tI.. .... ... .tI. HI H HHI Hlf 1995 19
21 -B.3 -19.1 -13.7 tH Htl .tlf

_
f'" ... .. fHH fltI 1663 ZI

ZI -5.5 -I B.6 -IZ.I HI 1111 .... 'H HH fH tI tH.. .Hf 1988 21
22 -5.0 -lB. I -11.6

_
UII ftlf HI .... t .. .. Hlfl HIt ZI31 22

Zl -8.9 -22.1 -15.5 tH HH "H Hf .H. .tI H IHIf .tlf 1975 Z3
Z4 -3.3 -IZ.5 -7.9 tH HIt HIt fH tItI tH H HlH "H I29B 24
25 -8.3 -17 •• -13.1 HI fHl 'tH ... H" 'H II "'" Hit ZI8I 25
26 -... -15.8 -11.2 ... .... HH H. HH

_.. fltH lilt ZI71 26
27 -B.4 -17 .2 -IZ.B .H HH HH 'H HH

_
H H'H Hlf 1803 27

2B -3.8 -11.4 -7.6 ... 1.0 1.1 •H 1.1 ... It fHlt .... 131B 2B
I'Offit .7 -31.6 -14.1 'H 1.1 1.1 fH 1.1 HI H If'" "" 36·413

GUST VEL . AT MAX. GUST MI NUS 2 I NTER VALS 999.0
GUST VEL . AT MAX. GUST MINUS 1 I NTERVAL 9 9 9 . 0
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 999 .0
GUST VEL. AT MAX . GUST PLUS 2 INTERVALS 999.0

NOTE: RELATIVE HUMID ITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS AR E LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN I NCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT. ,*"'.» -)1: SEE NOTES AT THE BACK OF THIS REPORT --***
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I
I~ & M CONS UL TA NTS , :I: NC .

I ~:> U S :1: T N A H Y 'o I~ C) a::: I... a::: C T I~ :I: C p I~ C) : J' a::: C T

I MO NTHLY SUMMARY FOR DENALI WEAT HER STATI ON
DAT A TAKEN DURING March , 1 983

I
RES. RES. AVe . 1lAX. 1tAX . DAY 'S

1lAX. "IN . ItEAlI WIND WIND WIND GUST GUST P'VAL ~AH I£AN SOlAllI DAY TElti' • TElti' • TElti' • D1R. SPD . SPD. DIR . SPD. D1R . RH DP PRECIP ElIERCYDAY
DECC DEC C DEC C DEC illS "IS DEC "IS 1 DEC C M IIIVSlIIl

I I "'7.7 -\8.4 -\3 .1 I" .... .... I.. 1111 I " H 11111 _I \321 I
2 -11 .5 -23.2 -17.4 IH .... IIH IH fill IH H IHII .... \515 2
3 -12.6 -26.2 -19.4 III .... .... III 1111 III H H ili _I 983 3

I
4 -12.5 -19.7 -\6 .1 I" 1111 - III fill IH H ifill HH 1313 4
5 - \0.1 -20.0 -15.1 IH .... .... I H 1111 I" H H H I _I 1178 5
6 -ID.l -2Q.6 -15.4 I" 1"1 - III ttll III .. IIIH 1111 1865 67 -9.4 -28 .9 -\5 .2 I H "H 1..1 III IHI I.. H III" _ I 2158 7

I 8 -11 .7 -26.4 -19.\ III "" " H IH Itft H I II HIH 1111 2333 8
9 -11.7 -26.7 -18.7 I" .... .... "I IIH III .. IIHI _ I 3129 9

11 -8.8 -14.3 -11.6 341 1.5 1.7 2'SI 7.8 NW .. IIIH lilt 2185 10

I
11 -1.7 -\3.4 -7.6 \74 2.4 3.3 166 8.9 SSE II H ili 1111 271J 11
12 1.8 -12.5 -5.4 \26 .1 1.6 \65 9.5 HNII .. 1_ .... 2318 \2
13 -. 8 -16.2 -8.5 338 .7 1.2 333 3.8 NNW H Hili _I 3193 13
14 -4.2 -17.1 -11 .7 336 .4 .9 344 3.2 NMI II 11111 1111 2890 14

I \5 - .9 -15 .0 -B.I 172 .5 1.7 165 5.7 S H Hili IHI 2573 15
16 -3.1 -1Q.6 -6.8 347 1.8 2.0 340 5.7 NNII II IHII 1111 3033 16
17 -5.1 -\6 .0 -11.6 341 1.1 1.4 331> 3.8 NNW H Hili _ I 3611 \7

I
18 -4,9 -21.6 -13.3 342 .8 1.3 351 3.8 NW .. I.... ..H 3330 18
19 -6.4 -19.7 -13 .1 335 .6 1.0 330 3.8 NNW H Hlfl _I 3388 \9
21 -3.4 -16.4 -9.9 244 .1 1.5 \61 7.6 N If IIIU 1111 3285 20
21 - .9 -15 .1 -B.I 34\ .7 1.1 186 3.8 N .. H I li IH ' 3578 21

I 22 -3.3 -16.6 -ID.I 344 .6 1.0 116 2.5 IlNlI II IIH . 1111 3703 22
23 -4,7 -18.0 -11.4 341 .8 1.0 335 3.2 NNW H ..lit _I 3855 23
24 -3.9 -\9 .8 -11.9 343 .7 1.1 114 3.2 IINII .. 11111 .... 3178 24

I 25 .1 -14.3 -7.1 346 .9 1.3 358 4.4 NNII II H Ili _I 3923 25
26 -3.7 -17.0 -11.4 170 2.2 3.1 176 10 .8 S .. ifill IIH 3868 26
27 -3.6 -\5 .9 -9.8 175 I.b 3.2 172 12.7 S H tlH I _ I 3933 27
28 -6.3 -17.8 -12.1 348 1.3 1.7 127 5.7 IINII II tlill IHI 3888 28I 29 -1.6 -20 .0 -11.8 341 .8 1.3 344 3.8 NNW H " IH _I 4258 29
3D -2.I - 17 .8 -1M 345 .7 1.1 341 3.2 NNW II 11111 HII 4333 30
31 -1.8 -16.9 -9.4 348 1.6 1.8 2\8 5.1 NNW II I f ill l UI 3870 31

I "ONTH 1.8 -26.7 - II .8 335 .4 1.6 172 12.7 NNW .. "Itl till 90588

GUST VEL. GUST MI NUS 2 I NT ERVALS 9 .5AT MA X.
GUST VEL. AT MAX. GUST MINUS 1 INTER VAL 9 ~

I ....
GUST V.::L. AT MAX. GUST PLUS 1 I NTERVAL 11 . 4
GUST VEL . AT MAX. GUST PLUS 2 I NTERVALS 11 . 4

I NO TE: RELATIVE HUM IDIT Y READ INGS ARE UNRELIABLE WHEN WI ND SPEE DS AR'E LESS THANONE MET ER PER SECOND. SUCH READI NGS HAVE NOT BEEN INCLUDED I N THE DA ILYOR MO NTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT .

I
·x·*** SEE NOTES AT THE BACK OF THI S REPORT ...)t**

I
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:J: N C.

s usz'r N A HYDRO EL EC"rRZ C PROJ E C 'r

MONTHLY SUMMARY fOR DENALI WEATHER STATI ON
DAT A TAKEN DURING Apri l , 1983

RES. RES. AIIG. !lAX . MAX. DAY 'S
1tAX . "IN. MEAN WIND WIND WIND GUST GUST P'Vf4L IIEAII MEAN SOLAR

DAY TEItP • TEilP • TEMP. DII. SPD . SPO. DIR. SPO . OIR. RH DP PRECIP tMERGY DAY
DEG C DEG C DEG C DEG IVS IVS OEG MIS % DEG C "" IiHISQ"

1 -1.1 -16.8 -9. ' 341 I.b 1.9 342 5.7 NNW It 111ft U 4305 1
2 -.7 - ID.5 -8.& 339 1.2 I•• 344 5.1 NNW . t 11111 1.0 ll>83 2
3 3.8 -14.5 -5.4 151 2.9 3.8 138 23.5 S .1 . t _ I.i 4735 3
4 4.5 -4.4 .1 195 2.1 4.1 154 26.3 WSW It n HI ' .0 2448 4
5 .8 -8.8 -4.i 1.. 4.1 4.5 152 13.3 SSE .t It_ 0.0 40&5 5
D 1.3 -10.9 -loB 18D •4 I. • 184 7.0 S It 11111 0.1 5048 D
7 .8 -13.9 -D .D 335 .8 1.4 011 5.1 NNW II flHI 0.0 4&55 7 -,

8 .8 - ID.9 -8.1 341 1.0 1.5 34& 3.8 NNW tt "_" O.I l870 B J9 2.7 -11.7 -4.5 339 .D 1.4 225 5.1 NNW It H ltl 1. 0 4D15 9
10 -D .7 -\8.D - \2.7 001 3.4 3.5 OOD U N It ..... 0.0 5m 10
11 -4.2 -22.2 -13.2 188 1.5 3.2 141 lD .5 SW .t IIl lt 0.0 3783 11

f12 4.3 -5. 0 - .4 11>8 3.1 3.8 14. 15.2 SSE It 11111 0.1 4235 12
13 - .D -9.9 -5.3 344 1.3 1.8 335 5.1 NNW If H UI 1.0 3398 13
14 1.9 -2.9 -.5 191 4.1 5.0 177 12.7 S .. IIIH ,

5098 14.,
15 2.1 -3.0 - .5 1DI 3.9 4.3 155 12.7 SSE It .t_ .2 4031 15
ID .1 -4.2 -2.1 351 4.0 3.1 339 7.D I0OI H ifill 0.0 531>8 I.
17 U -8.2 -1.8 241 .2 2.D 1.1 11.4 NNE It I IIII 0.0 5551 17
18 2.4 -4.1 -.9 152 4.B 5.4 137 17.B SSE It IIHt 0.1 502B lB
19 3.1 -2.2 .5 152 U • •5 ' 44 20.3 SE . 1 It_ 0.0 590B 19
20 5.7 -4.\ •B 17• 2.2 3.' 1.2 14.1 S It 11111 U 5015 20
21 4.2 -5.0 -. 1 lBl .9 I. • 159 7.s S It ifill 1.0 .m 21
22 5.1 - 4,2 .4 IBI 3.3 3.5 1. 7 IU S tt It_ 1.1 D34I 22
23 5.4 - I.B 1.8 191 1.7 2.1 1BB 7.D S II 11- 1.1 5071 23
24 5.7 -2.4 1.7 34& 2.1 2.5 339 B.9 NNW It 11111 1.0 D92I 24

\25 12.5 -2.5 5.0 329 .7 1.7 1.. 5.7 N It II'H 0.1 DB05 25
2. D.4 -3.5 1.5 348 2.B 2.9 100 D.3 IINlI It t t _ 0.8 Dm 2D
27 D.5 -3.3 i.s 359 2.7 2.B 019 5.7 N If IIHI 1.1 1>8&5 27
2B 7.B -4.7 i.s 32D •• 1.2 330 4.4 NNW If 11111 0.0 5055 2B ,
29 5.4 .2 2.B 35B 2.2 2.3 m D.3 N H IIIH . l 4115 29
31 4.4 -2.B .B 353 3.B 3.9 339 B.9 N It 1111. 1.1 702B 3D
MOHTH 12.5 -22.2 -2.3 1•• .4 2.9 138 23.5 NNW II """ .8 154391

oJ
GUST VEL. AT MAX. GUST MI NUS 2 I NTERVALS 20 , 3
GUST VEL. AT MAX . GUST MINUS 1 I NT ER VAL 19 . 7
GUST VEL. AT Mi'rX. GUST PLUS 1 INTERV AL 19 . 7 IGUST VEL. AT MAX . GUST PLUS 2 INTERVALS 17. 1

NOTE: RELAT I VE HUMIDITY READI NGS ARE UNR ELIABLE WHEN WI ND SPEEDS ARE LESS THAN 'IONE ME TER PER SECOND . SUCH READ INGS HAVE NOT BEEN I NCLUD ED IN THE DAILY
OR MONTHLY MEAN FOR RELATI VE HUM IDITY AND DEW POINT .

** 'k 'X' SEE NOTES AT THE BACK OF THIS REP ORT * ')(0 1,'('*

t i

-146- ij



I
I

Ix & M CON n U l... T ,~ N T n .' :I:NC

ss i.r s st; T N A HYDI~ O EI... ECT P :J: C P P O :'- E C T

I
MONTHLY SUMMARY FOR DENALI WFAHIER STATTDN

I
DATA TA I(E N DURI NG M~y , 1983

RES, RES, AV~, MAX , MAX. DAY' ~

I MAX . MIN , MEAN WIND WIND WIND GUST GU~T P'VALMEAN IIEAN SlUl'/
DAT Tm , TEMP , TEMP , DIR, Sl'D , SPD , DIR , SPD , DIR, RH DP PREm mm ' AT

DEC e me DE~ c DEC MIS MIS DEC MIS • DECC "ft WH/ Slift•
I ----- ----------------------

I 6.1 -5,2 ,5 m 1.8 1.7 183 B.3 SSW If U tli I, I ~7~
2 5.D · ,8 2.1 218 ,5 1.7 138 9,5 W If lUll 1.2 ~40 2
3 fln l I lfll f flll Ilf U .. Ifll III IIIf Ifl II 11111 "If' HIIH 3I 4 3,8 -4.5 -,4 229 .4 1.1 170 4,4 SW II fflll U 5198 •5 5.5 -J.O 1.3 334 .B I.h 343 5,7 NNW II nil. 0, I 798! s
6 b.5 -2.4 2.1 J.lQ .5 1.2 321 3,8 N If 111 11 0,0 5:;00 6

I 7 6,8 _,: '1 1.8 348 2.5 ~ .8 342 7.0 NNW .. "MIf 1.1 6803 -"J ' oJ ,
8 8,8 -1.7 3.6 340 1.3 1.5 348 4.4 NNW If flHI 0,0 7570 B9 9.B -2.8 3.5 229 ,6 1.3 lOS 4.4 SW If 111M D,O 6715 9

19 9,2 -1.6 3,8 203 1.6 2.7 177 7. b S If Illn 0,0 7553 10I 11 10.2 -2,5 3,9 312 1.1 2,2 262 6.3 NNW If "'" La 7473 11
12 7.4 ,3 3,9 m 1.2 1.8 181 8.3 SSW II 111I1 0.0 4560 1213 11.3 1.0 6,2 195 1.2 1.5 :?2B 5,7 SSW II Hili I, I 5903 13

I 14 9,8 2.5 6,2 198 1.4 2.2 187 7.0 S If IIfll 0,0 5303 I'15 13 ,7 1.8 6,3 324 1.0 1.9 171 S., NNW II H,U U 6318 15
16 8,4 1.0 4,7 182 2 .~ 2,9 I7'i 11. 4 S If II.H 2.0 4553 16

I
17 5, 9 .4 3.2 219 .5 1.4 264 7,0 SSW .. H I li t.s 3220 17
18 5.7 1. 2 3.5 170 .3 1.6 159 7.0 W II Ittll 0,0 3905 18
19 '.0 - t,i, 3,7 321 , 1.6 264 6.3 N II Iflff U 5B91! 19"20 11.1 3,3 7.2 283 2.0 3,5 233 9,5 NNW II IHff U 5383 20, 21 8,5 1.9 5.2 263 2.4 3,0 263 10,B ~~W ·n I H n 0,! 40~ ~ l
22 8,7 •• 5,5 186 1.5 2,0 164 8.3 SSE II niH .S 4783 22" ,"
23 8,5 ,b 4.6 143 1.8 2.5 143 12,7 SE II 1111I 1.6 4735 23

I
24 9,6 1.1 5.4 0# .4 2.5 119 B,9 NNW If Ifill 0,0 5093 2'25 13 ,I .1 s.s m ,7 2,4 298 7,6 N If .U... 0, ! 6~23 -..: .J
26 7,7 2,4 5. ! 185 ,8 1.9 223 s.s S II HIli .2 3785 2,
21 9, b Q.O 4.B 297 ,6 U 140 7.b NNW II lUll U 4803 27

I 2R 13,9 3, 4 B.7 ·;87 .4 1.9 122 11.1 E n l U ff U 4000 """29 16 .1 5.0 10 ,6 145 3,5 U 1·\0 17.1 ,E .. UHf 0,I 4430 00..
30 21.4 1.7 14.6 177 1.2 2,4 1-- u ,4 s If l U ll 0,0 5753 JO"

I 31 15.0 ' .3 9.7 1M 3,I 4.2 130 17.1 SSE if ·»Hn ~ . ; 4143 31
MONTH 21.4 ·5.2 4.9 208 ,5 2,2 160 17, I NNW If iliff 7.6 160899

GU fH l,.l l::L I AT MAX , GUST I1JNUS ., TN TFr\lAI S 1 fJ • :.~.-, GUST tJF.: L , AT MA·~ • GUST MINUS 1 [NTER VAL 10 , B
GUST \IEL , AT ~1AX , GUS T PLUS 1 I NTF.R ')AL 11 , 4
GUST 'JI:L . AT MAX , GUST PLU S 2 rNTER \lAL S 7 ,6

I NO TE : RELAiI 'JE HUM Hi TT Y READI NGS ARE UNR F. LI ABLE WHEN I.~ TN D Sr'Fr-DS ARt I FB S T!'IHNON F.: MF.:T F.: R PF.:R ~.) " COND , SUCH RE ADI NGS HAVF.: NOT BEEN I NC LUDr:: O I N THE DAI LYon t10 tHHLY 11EA N FOil il E1... ,HTtJF HUM JIl TTY A :~1l DFI.'I P'1HH ,, -x-.x-* .~ SEE NOTES AT T1-I F. BACK PF THIn REP flR T ~ -x··x-·x·,
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SUSI TNA I~ YDROEI_EC TR I C PROJ EI:T

:I: NC .R & M C ON SU LT ANT S .

,10NTHL. Y SUMMARY FOR WATAN A WEATHER STATION
DATA TAKEN DURING Sep t eMber , 198 2

, RES. IES. iWG. IlAX. IlAX. DAY'S
1tAX. MIN . IlEIlIf WIIl1l WIHD WIND GUST GUST P·VII. IlEIlIf WtH SOLAR

Ilt\l TEitP • TEItP • TEll'. DII . SPD. SPD. DlR . SPD . DII. IH DP PIECIP ENEIGl DAY
,EGC DEG C DEGC KG illS "IS DE. HIS Z DEG C "" \lHISIlII

• 11.1 2•• ••9 158 .7 1.4 145 5.I H H HH' .2 3498 1
2 11.3 1.2 &.3 251 .7 1.9 247 7.1 E II II1II 2.2 3938 2• 3 7.1 2.1 U 337 .4 l.l 251 5.7 8.2 2098 3! H II H.-.

• 4 11.5 .7 5.0 159 .8 I. . 138 4.4 N II ..... 0.0 4485 4
5 u.s U 8.3 179 5.0 5.8 194 14.0 E H Hilt .8 2091 5

~ • 14.5 5.9 11 .2 178 2.8 3.5 182 11.2 E H HII. \.2 2930 •7 9.9 5.1 7.5 2.9 2.8 2.9 254 7.1 W H Hflt 4.4 2865 7• 8 7.4 4.9 •. 2 2" l.6 1.8 271 4.4 . W •• ..... 2.2 1490 8
9 8.8 U s.i 189 I.i 2.1 087 8.3 E .. .1111 U 2265 9

I 10 8.5 3.4 ;'.1 151 1.2 1.5 lOi 4.4 H •• 'HH 0.1 2220 II

I 11 ••• •• J.O 25i 1.1 1.9 zs 8.9 W .. ..... 12.0 1.95 11
12 7•• -.' 3.5 18\ 2.4 2.8 m 10.8 E •• 11- 2•• 3743 12

j 13 12.1 1.4 ••8 163 2.3 3.7 155 8.9 ENE .. "". IB.O 2195 13

• 14 7.8 5.2 • •5 179 1.7 2.1 I7J 7.1 ENE •• ..... 12•• 1185 14
15 9.1 ... 7.9 154 3.5 U m 7•• 11£ .. "II' 7.• 542 15
I. II1II ..... ItHO - .- " II ' H IIH 'H II ' IIH .... ...... I.

! 17 7.9 ••1 7.1 29. 1.1 1.3 DO 3.2 IlHlI II f llit U 918 17

• 18 11.4 0.0 8.7 178 2.1 3.2 III 8.9 E It It_ B.I 2305 18 I19 8.1 2•• 5.4 m 1.1 i.s 251 5.7 W H "- U 1411 19

•
2B i .3 2.4 4.9 35J .1 1.3 238 4.4 W It HHf •• 2145 21

• 21 11.2 2.1 ••2 179 2.4 3.9 188 11.4 E It tUU t.s 1413 21
22 • •5 -1.\ 2.7 280 \.2 1.9 248 7•• W II IHO I.B 2720 22
2J ••7 -4.1 1.3 J25 .8 1.7 220 5.1 N It II H ' 1.0 3958 23

I 24 7.9 -5•• 1.2 I7J 2.2 2.3 175 7.1 E II ..... 1.1 2900 24•• 25 11 .2 -1.1 U 058 1.4 1.9 178 7.1 E ..... 1.0 2745 25

~
It

2. 5.2 .9 3.1 32. •• 1.5 145 5.\ IiIllI II ttHI 2.8 1798 2.
27 ••3 -2.1 2.2 285 I.. 2.2 2.9 7.1 W H tllH •• = 27
28 3.1 -4.3 -.' m 4.J 4.4 183 9.5 ENE It 11- 2.1 159D 28• 29 4.7 .1 2.4 171 2.8 3.1 192 7•• KE It II1II 5.8 1731 ?9
31 2.9 -1.1 .9 274 •• l.I 2.\ 3.8 W It IftU 4.4 \508 30

! IIOIfIH 14 .5 -5•• 5.1 102 .9 2.4 194 14.1 E II ..... lIo.s 67241,
I

I GUST VEL . AT MAX. GUST IIINUS 2 INTERVALS 10 .8
GUST VEL . AT MAX. GUST MINUS 1 INTERVAL 9 .5
GU ST VEL. AT MAX. GUST PLUS 1 INTERVAL 11 .4• GUST VEL . AT MAX. GUST PLUS 2 I NTER VALS 10 . 2

NOH: , RELATIVE HUMID ITY RE ADI NGS AR E UNRELIABLE WHEN ~IN D SPEEDS ARE Lt:SS TH AN

• ONE i1ETER PER SECOND. SUCH READINGS HAVE NO T BEEN INCLUDED IN THE DA IL Y
OR MONT HLY MEAN FOR RELATI VE HUMI DI TY AND DEW POINT.

-.It.A- .-.. '. SEE NO TES AT THE BACK OF TH IS REPORT .......**
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I
I~ & M CDN Sl.J I... TANTS~ :I:NC.I S l .JS:I:T N A H Y X> I~ C) m:L I:,: C T I~ :1: C PI~D :J' J::: CT

I MONTHLY SUMM AR Y FOR WATANA WEATHER STATION
DATA TAKEN DURING October , 1982

I ~

RES. RES. AVG. /lAX . /lAX • MY 'S

I /lAX • NIN . lOt MIG WINI WIG GUST GUST p''IM. HEM I£AN SOLAR
MY TElIP • TElIP • TElIP • IIR . SPD. SPI . DIR . SPD . DIR. RH Dr PRECIP ENERGY MYIEB KG C DGC DG illS illS DG illS 1 DEG C "" IIHISIlil

I 1 3.7 -Z,\ .8 21B .1 .6 271 3.8 SE H -.. 1.1 1831 I2 2.2 -2.1 .\ 162 .9 1.1 III 4.4 N H 'HH 1.1 WB 23 I.B -2.6 - .4 152 2.2 2.4 131 6.3 ME H H ' H .4 1481 3

I 4 1.9 -3.3 - .7 149 3.3 3.4 146 7.6 ME II

_
1.1 2891 45 - .1 -3.5 -I.B 141 4.1 4.\ 135 B.9 IIlIE H HIt. I.D 2781 56 1.1 -3.5 -1.2 149 4.3 4.4 164 B.3 lIE " IIIH U 2105 67 -.B -3.8 -2.3 169 3.3 3.8 173 B.9 EN£ H

_
1.0 9BS 7I B -2,3 -5.7 -4.1 261 3.B 3.5 265 B.9 IISII II 11111 1.1 2229 B9 -1.2 -' 1.9 -ll.l 276 1.4 1.6 257 4.4 W H H H' 1.0 1468 9

10 -.9 -7.3 -4.\ 2'17 .6 1.\ 266 3.8 W H IIH. 1.1 IIB5 II

I 11 -1.9 -9,9 -5,9 III HIt 3.5 III IIH III H IIIH .2 931 11
\2 I.B -4.2 -1.2 162 4.4 4.6 179 11.4 EN£ H

_
.2 IIBI 1213 -3.3 -lB.1 -11.7 152 1.5 2.1 129 B.3 N H Hili 1.1 1435 13

I
14 -4.1 -14.5 -9.3 168 1.7 1.9 196 5.1 E II IIIH 1.1 1513 14
15 -4.1 -17.2 -11.6 139 I.B 2.2 173 7.6 N H H IH 1.1 2619 1516 -3.2 -11.3 -7.3 167 5.1 5.1 186 11.2 EN£ II HII. 1.1 1121 1617 - .5 -7.6 -4.1 112 1.1 1.4 117 3.8 IIlIE H 111ft 1.1 1641 17

I IB - .3 -11 .0 -5.7 136 1.2 1.5 346 3.8 N H litH 1.1 2111 18\9 5.1 -6.6 -.B 165 1.2 1.5 137 3.8 E H IHIt I. I 1154 1921 4.1 -4.7 -.3 152 2.3 2.7 126 B.9 IIlIE II IIH. 1.1 H IIII 21

I
21 - .1 -7.5 -3.8 I" 4.7 4.9 136 B.9 HE H litH 1.0· IIIHI 2122 -3.3 -\2.1 -7.7 152 5.9 6.1 159 11.2 HE H H'H 1.0 HHII 2223 -4.5 -16 .0 -11 .3 163 5.5 5.7 143 B.9 EN£ H 111ft I.Q 'IIHI 23
24 -6.4 -16.8 -11.6 166 4.1 4.2 175 B.9 EN£ II Hili 1.1 .- 24

I 25 -4.1 - \4.6 -9.3 186 2.2 2.5 ISO 6.3 ENE H tHIt 1.1 IIIIH 2S
26 -11 .\ -22.7 -16.9 IBI 3.2 3.6 097 B.9 E H" Hili 1.1 IIIIH 26
27 -17.3 -27 .9 -22.6 154 2.7 2.9 182 B.3 EN£ H

_
1.1 1551 27

I 2B - 16.2 -21.2 -IB.7 172 3.9 4.1 172 9.5 ENE H "111 Z•• 731 2B29 -11.3 -22.3 -\6.3 312 .7 1.4 311 3.2 IIlNI H -.. .4 ISIS 29
30 -15.1 -32.8 -24.1 . 11 HII 1.6 I H "" H ' II IIHI 1.1 \488 3131 -13 .1 -24 .3 -\B.7 156 6.2 4.4 156 11 .2 If; H

_
1.0 1135 31I HONTH 5.1 -32.8 -7.6 156 2.7 3.1 179 I\,4 ENE II 1Uf. 4.2 38729

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 8.9

I GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 7 . 0
GUST VEL . Ai MAX. GUST PLUS I INTERVAL 8 .9
GUST VEL . AT MAX. GUST PLUS 2 INTERVALS 8. 9

I NOTE: RELATI VE HUMIDITY READI NGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THANONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN I NCLU DED I N THE DAILYOR MONTHLY MEA N FOR RELATIVE HUMIDITY AND DEW POINT .

I
..... .... .... SEE NOTES AT THE BACK OF THIS REPOR T *1,11:**

I
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R ~ M C O NS U LT A N ·T· S. :l: N C .

MO NTHL Y SUMMAR Y FOR WAT ANoA WEATHER STATIONDATA TAKEN DUR I NG Nov eMber ~ 198 2

"
RES . RES . AVG. MX. MX, DAY 'S"AX. "IN. ItEAN ~INO WIND WIND GUST CUST P' VAL MEM ~N S!lARDAY T~ , TDlP . ~. OIR , SPO. SPO . OIR . m. OIR. RH DP PREm EllERGY DAYOEG C DEG C DEG C DEC "IS "IS DEC "IS % DEG C :'1..' WHiSQll

---------------------------------• 1 -3.D -14 .9 -9.1 un b.3 b .~ 073 14 ,0 ENE .. ~fUI 6.l lOa2 -1.4 -u.s -6,2 DbS 1.5 2.8 lb4 b.3 E II n Ul U ~5 23 -4.3 -13,4 -a" 071 2.7 2.9 07b 7,b ENE II filII P. .0 588 34 -4.3 -9,2 -o.B 000 ~ .O 4.1 ObS 10.2 E.~E l~ UJ~* 0.0 913 ~5 -e .~ -15.7 -1 2.1 052 2.3 2.4 057 5.1 NE If UHf 0,0 9" 5"'0 -11.3 -20 .5 -15.9 005 1.2 1.4 045 4.4 E II : ~H!II La ; ~29 !l7 -12 ,0 -21.9 -17,3 064 r.s 3.7 Ob4 9.5 ENE II HUI 0,0 ! SIS 7B -11.2 -16.5 -13.9 064 4.3 4.B OO~ 11.~ ENE .. unti 0.0 c:., " 8. . 09 -e,2 -la ,S - 1 3 . ~ 302 ,B 1.2 2BB 5.7 WNW .. unl U 491 910 -B .3 -16.7 -12.5 Ob4 3.9 4.0 067 9.5 E.~E II n i H ,2 57J 1011 -5.4 -9.5 -7.5 063 1.9 2.0 075 7,0 ENE II *"I ~ U 641 1!12 -1.6 -7.1 -4,4 D6b 5,9 b.O OB2 12.1 ENE oB -9,1 D.9 :'SO 1213 -1.5 -0.0 -3.B 054 3.2 3.b OB6 B.9 NE 73 -7.3 U 043 1314 -~. 2 -10.2 -7.2 025 1.2 1.3 OO~ 3,2 N II I!I !I 0.0 79B 1415 -5.B -17.b -11.7 005 1.5 1.7 OB9 4.4 ENE bB -14 .9 0,I 92. 1516 -ID.2 -19,4 -I ~ .B m 1.7 I.B 073 5.7 ENE 72 -20. ~ U 1m 1617 -10 ,2 -22,7 -19.5 on 2.3 2,3 073 4.4 E b3 -25. 1 U 991 1718 -14.5 -24 .5 -19.5 06b 2.8 3.0 OSI B.3 ENE 47 -2B.S LO 1003 lB- •19 -lo.S -24 ,7 -20 .B 070 5.7 5.8 07~ 11.4 ENE 4b -28.6 0,I 785 1920 -13 .3 -17.9 -15.6 191 2 .~ 2.5 071 7.b E 52 -23 .2 0.0 ~Q5 2021 -b.b -15.I -1 0.9 061 3.6 3.Jl 052 7,0 NE 5B -lb,4 0.1 521 ,...22 -5,1 -11.2 -S .2 m I.S 2.0 051 5,1 E 62 -14.0 c.o 4SS ....23 -2,7 -5.5 -4.1 056 U ~ .~ 059 7,0 ENE 71 -8.5 U m ,-.0
2~ -1,; -4.2 -2.9 05B 4.5 4.5 082 7.0 HE !'!I !fun U ~2D 2~25 -3,3 -10.9 -7.1 m 4,5 4.0 OBI 9.5 ENE 73 -11.6 0.1 515 252b -5.B -u.s -B.7 062 5.7 5.7 067 u.s ENE .II> -13,9 0, 0 ~8 2627 -3.B -14 .5 -9.2 0b0 2.3 2.4 Ob5 7.0 ENE 73 -9,2 0.0 518 272B -1.2 -lb ,6 -1 1.9 071 I.b 1.7 ObO 4.4 E If H Ili 0.0 559 2B29 -7.9 -9,~ -B.2 ass 3.4 3.5 2SS 7.b NE II nIH 0,G 3BB 2930 -6.9 -15.2 -11.1 1 szs 3,S 4.l m !~.2 ~t:E 77 -1&.6 LO 380 30IIONTH -1.4 -24,7 -10.7 Ob3 3,1 3.3 073 14.0 ENE 02 -16 ,5 ,1 21573

GUST VEL . AT MI'i X, CUST MINUS 2 INTER',,'{)LS ~ ':) ..
~ .... I •GUST ."tEL . AT MA X, GUST MI NUS 1 UITERVAL 1 '1 ,~lGUST VEL. AT MAX, GUST PLUS 1 HITER'JI\L 13. 3GUST 'JEL . AT MA X. GUST PLUS 2 INTERV ALS 12 , 1

NOTE: REU\TI 'JE HUM I DITY REA DINGS AHE UNRELI ABLE WHEN WIND SPEED £. i': HE l ~:~ S 3 "r Htl NONE METER PER SECO ND , SUCH READI NGS HAVE NOT BE" N I NCLUDED IN TH E DAI LY NO l~ MONT HLY MEAN FOR RELATI'.'E HUMI DITY AND DEW PO I NT.·)(.·If:·X··)(. SEE NO TES AT THE BACK OF THIS REPOR T *·x··x·x·
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I
I~ & M C ONBLJI... T ,". NTB .> :J:N CI ~:> LJ B :J: T N . H Y 1) I~ 01:,: L. E C T I~ :I: C p I~ O:r E CT

I Morn HLi SU MMARY FuR WA-': .:INA WEATHER STATION
DA TA TAKEN DU RI NG De c esener- .' 1982

I "
itS. itS. AV' . HAX. MX . uAY' S

I HAX. NIN . l1£AIl WIND WI ND WIND bllST cusr P'VAL MEAN NEAll SOLAiDAY TEMP. TEtP. TEMP. DJR. 5PD. 5PD , m. 5PD. Dli . iri DP /REm ENEm DAY
DEb L or:bC DEG C DEG N/5 "15 DtG N,5 ); DE. C "" .H/S....

-----I I -14.4 -19 ,7 -17.1 032 5.5 5,7 025 10 ,8 NHE bb -2i. 9 i,O 44. 12 -17.1 -23.9 -28.5 070 5.3 5.4 071 10 .2 ENE 59 -24.8 0,I 49B 23 -17,7 -24 ,2 -21.1 085 4.5 4.8 i74 9.5 ENE 60 -2b.3 ,2 403 3

I 4 -15,I -24 ,1 -19•• 063 5,6 5.6 063 10 ,2 EHE 60 -25.b U 463 45 -7.4 -15.b -11 .5 061 6.b 6.7 062 u .2 m 72 -15.1 0.0 395 56 -5.3 -10.0 -8.1 057 6.5 •.6 m \2, I "E b9 -\3.4 .8 455 b

I
7 -. 9 -5.9 -3.4 082 7.1 7.2 089 l4,b E BO -B,4 2.8 358 j• -1.0 -4.8 · -2.9 079 3.b 3.8 m 12.1 ENE It t f U f .4 306 •9 -2.4 -17 ,2 -9.B 059 .8 2,0 279 7.0 EHE It unt 1.0 .a 910 -S.3 -IB.4 -13.4 076 3.4 3.5 066 ••9 E .6 -15.5 0.0 375 10

I 11 -7.b -10.2 -8.9 063 6,b 6.7 Ob7 13.3 tNE 66 -14.3 1. 0 3.5 1112 -5.8 -9.2 -7.5 166 6,8 7.\ 184 14.0 ENE 69 -12.4 0,1 368 1213 -3.3 -6.1 -5.1 070 5.7 6,0 iii 12 ,\ EHE It ttl.. 1.0 3i5 13

I
14 -2.9 -IU -••9 en 3.b 3.B 091 B,9 E 70 -12.1 0.0 35. 1415 -2.B -10 .0 -b.7 066 ' - 5.4 OH 9.5 tNt 71 -9,2 0,0 3.3 15•••I. -4.5 -11.6 -B.2 OilS ; ,5 5,. m 12.1 ENE 70 -IU 0.0 3ai 1617 -0.2 -12 ,2 -9.2 008 2.3 2.4 054 7•• E 75 -u.s i. O 355 17

I ia -t .3 -15 ,; -11.6 06i 3.1 3.\ Obi i •• ENE •• ..... 0,I 303 I.19 -B.7 - 14 ,. -11 .7 059 5.7 5.7 055 1i.2 tNE 69 -15.9 1.0 3sa 1920 -8,9 - ti .5 -13 .2 066 U 4.4 049 9.5 tNE 65 -17,0 0,0 41 0 20<l -14.B -21.; -IB .4 177 - ; 2,3 ••9 5.1 tAE B3 -21.4 i ,~ 40,; 21I •••22 -14.4 -22.7 -IB.6 075 U 4.4 Oi9 9,5 ENE 74 -22 .4 O. I 4i5 22a -14.3 -<V.; -17 .2 162 5.5 5.6 061 9,5 ttit 64 -a.a 0,0 40i 2324 -9.4 -18.U -13 .7 076 3.3 3.4 053 7,. E .9 - IB.3 0,0 390 24I 25 -11•• -18.\ -14.9 073 3.1 3.3 055 9.5 t B5 -17.5 0,0 385 2526 -2,5 -13•• -8.0 062 6•• 6.7 078 11.4 ENE 7B -13.6 i,O 356 2.27 .4 -J,ii -1.7 065 5.7 5,8 09B 12.7 t .. tt'" '1.0 303 27• 28 2.7 - .3 U OB3 U 4,2 080 9.5 E •• t lfff 2.B 2Yi 2B

" 2.6 -3.1 -,3 078 3.4 3,7 075 10 ,2 E .. ..... 1.0 34. 2930 -1.0 - II.. -• •7 OSB •1 1.9 2i1S 0.3 E •• t U t • U 3\3 31131 -4,1 -1, ,5 -B.3 061 2.3 2.5 050 7.; tl"fE .. H t ll- i .O 4ii 31I l'\uNiH 2.7 -24 .2 -10 ,4 O.B 4.4 U OB9 14 .6 tNt 09 -1"1 7.0 120••

GU5T VEL, AT MA X, GUST MINUS 2 I NT ERVAI_5 1 0 . 8

I GU5T VE:L, AT MAX. GU5T MINU5 1 INTERVAL 1 2 . 7
GUST VEL . AT MAX , GUST PLU 5 1 I NT ERV AL 12 . 7
GUS T VEL . AT MA X, GUST PLUS 2 I NT ERVA l.S 1 0, ii

I j'lD"TE: : ~ELATI VE HU MID I TY REA DI NG5 A~E UNRE LIABLE 'JHEN Wlr~D SPEEDS ARE LE:S5 THANONE METE: R PE: R SECOND, SUCH READI NGS HAVE NOT BEEr; I NCL UDED Iii THE DALLYOR MON TH LY MEAN FOR RELATIVE HUM IDIT Y AN D DEW POI NT,

I -X: ·)t k -x- SEE NOTE5 AT TH E BACK OF TH I 5 REPORT .~;.IC: 'X- oX.'

I
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R & M I: O N SlJL 'T A N 'T S , :I: N C .

MONTHL'( SU MM ARr FOR ",ATANA wEAiii t:R STATIO N
DAT A TMEN DLJ RI NG J'e n u a r-y .• 1 98:;

( iES . . E5. AVG. ftAX. nAX. DM /S
~AX. rUN . ritAH mD . iriD .IND GUST GUST I ' VAl. MEAII ~EA~ SulAK

DAY iE~I . iEi1/ . mit'. m. SID. Si'D. m. 5PD . m. iri DI mm Erimy DAt.- ,
DEn DE~ c DEG C DEG MIS MI S DEG M/5 % DEG C /Ill "" /SQM;, ,. ' :... -

l"---t__ ·' l ' . ..... ~ - ~. <. -------------------------------------------------------------------
: •g -5.7 :.J~, . Ib4 5.3 5.4 072 ID.2 EllE .. Itn. i.\ 425 I

2 -4,2 -; .1 -5.7 Bb2 4.6 408 159 6.3 ENE .. HU' 0.0 m 23 ·O.b -11 .5 -9.1 153 4.7 408 153 8.3 NE 58 -17.3 1.b 30la 3
4 - 1; ,0 -25.; - IB.2 07& 3.1 3.3 IBO 7.0 E 51 -25 .7 La 495 4e -2C1 .2 -2B.O -24.4 091 3.• 3.7 08b 7.i E 55 -30.9 1.0 4~ •

_

•• -2 ~ .b -2•. 1 -23 .4 i51 b.I ••2 140 11.4 NE 54 -2B.b O.B j35 b7 -22.1 -27.2 -24.7 i52 5.9 • .0 Ob2 12.1 NE 5b -30.3 i.O \68 7s -2l.B -28 .b -25.2 i7b 5. i 5.3 B.O 10.2 EilE 54 -32.a u 515 a
9 -2i.0 -34.4 -3\ .7 086 2.9 3.1 078 a.Y ESE 51 -37.5 U 51 i 9 710 -c.;. 5 -27 .5 -27 .5 \93 4.5 4.5 i93 7.\ E 55 -33.8 Uti 24Q I i

11 -ii .9 -2i .• -19 .4 i51 4.0 4,9 010 B.9 E 2B -34.4 0.\ 24i 11
12 -2i.5 -25.• -22 .B 002 5.8 5.9 152 1\.8 ENE 40 -32.7 i.I 59B 12
13 -21.1 -25 .2 -23 .2 ib5 7.2 7.3 059 13 .3 ENE 41 -32 .5 i.i 5i3 1314 -14.1 -24.• -19.4 ib8 5.\ 5.2 Ob9 11.4 ENE 49 -2i .' 0.\ 5.5 1415 -4,9 -21.Y -12.9 B.9 3.9 4.1 Ob2 9.5 ENE bi -11.3 o. i 451 15
1. -e ,1 -10.2 -B.2 Db. 408 408 0.. 10.2 ENE 65 -13.7 D.I ~8S lb17 -5.• -12.b -9.2 144 2.0 2.3 \b7 a.3 N 70 -13.3 \ .0 475 1718 - 4,2 - b,Y -5.b \57 5.9 b.2 m 12.1 ENE b8 -10.4 U 5.0 18
19 -b.i - lL 9 -6.5 D•• e 2.a 072 1.5 E,,. b. -12.9 i.a 4:;3 19..

•CD -8.\ -11.5 - 9,3 d ~i 5.5 5.5 Ibl ll.9 NE b7 -14.2 0.\ 5b5 20
21 -i.4 -15.2 -11.3 \47 5.1 S.2 i5b 8.3 ME 4b -19.4 D.O 72& 21
22 -3.8 -17.2 -10.5 iib 3.e 3.7 \83 9.5 ENE 39 -22.i D. ij 760 22
23 -b.I -lb.4 -1l.2 m 3.b 3.7 070 8.3 E 31 -2&.7 0.0 i91 23
'" -a.-I - l j .i -11.1 uti2 b.U b.2 Ob3 12.1 ENE 33 -24.9 U srs 24
, .
25 -8.7 -14.b -11.7 Ib5 7.4 7.5 0.5 13.3 EIiE 39 -23.8 C. O 751 25
26 -b.i -1l.3 -9.D D.9 7.4 7.b Ob5 IU ENE 52 - lb.9 D.I . 48 2b
27 -b .b -13•• -11.2 172 3.1 3.3 1-· 9.5 ENE b4 -15 ,0 I. I 598 27I_
2B -4,i -1~,i -t» m 1.4 1.b i95 3.8 E .. tHff O. I b93 28
29 -a.l -15.6 -12.0 173 2.2 2.4 097 5.7 E 75 -1408 I.i &88 293u -• .1 - t4. 2 -11.2 JS8 0 •• •. 4 u57 ID.Z EriE 77 - 12•• O.U .53 3D
31 -2,2 -0.9 -4.b ii&3 ., 5.4 675 10.8 ENE bb -9.8 o.i W 31

_.,
,,"Iii" ...l, ~ . -3<.4 -14.1 604 4.• 4.8 lOS lU ENE 53 -22.• 2.8 17. i5

- " , .
GUST vei. . AT MAX. GUST Mi NU S 2 I NTERV Al.S 1 1 . 4
GUST VEL . AT MA X. GUST MIN US 1 INTERVA L 1 4 . 0
GUST V£L . AT nAX. GLJ ST PLUS I INTERVA,_ 14 . 0
GlJST VE l. . AT '1AX , GUST PLUS ., INTER VALS 'J.2 . 1~

~
NuTE : KEL ATt v£ h UMI DI T f ReADI NGS ARE UNR ELIABLE WH EN WI ND SPEEDS Ftl<£ LESS TH A. ;

Ur!t:: ;o,E TER PER SECOND. SUCii REA DIo!GS HAVE NOT BEEr, I NCLU iJED I N TH E [/ AI LY

ILiR nOr-i iiLY ME ,~ " FOR REL AiI 'JE: HUM I DIT Y AND DEW POI NT .
X· -k ·1.; '~ SEt: ;WTES HT TtiE BACI< OF Tii IS REPO RT -k'~ '~ -x·
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I MONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING February, 1983

I
IES. IES . MIG. 1lAX. IlAX. D"Y'S

I
IlAX. "IN. l£AIl YIND YINII YIND GUST GUST P'VAL IlEAN ItEAN SOLAR

DAY TEllP • TEIlI' • TEllP • DlR. SPD. SPD . DII . SPD . DIR . IH Dl' PIECIP ENERGY DAY
DEGt DEG c DEG c DEG MIS "IS DEG "IS 1 BEG c M IiHISIIlI

I I .3 -11.2 -~.I 169 4.8 ~ .I 169 13.3 HE 59 -II.~ 1.8 913 I
2 -1.7 -~.3 -3 . ~ 163 5.3 ~ .5 171 11.8 Elf: 77 -7.3 1.1 B93 2
3 -2.B -5.7 -4.3 1~9 5.1 5.1 174 11.8 HE 69 -9.3 1.1 BI3 3

I
4 -2.7 -• •3 -4.~ 171 ~ .5 ~.. 177 12.1 ENE 62 - 11 .8 1.1 B33 4
5 -2.4 -9.4 -5.9 1.1 4.7 4.9 171 14.1 ENE 61 -11.7 1.0 I18B 5
6 -1.7 -18.7 -6.2 I" 4.0 4.9 061 11.4 ENE " -9.3 1.1 11I1 6
7 -4.4 -7.4 -u 02B .9 2.5 177 B.3 IINlI 76 -B .B 1.0 931 7

I 8 -5.1 -13.5 -9.3 341 1.2 1.4 291 3.2 N If ItH' 1,1 687 B
9 -7 .~ -15.9 -11.7 163 1.2 1.7 IIlI> B.I E 68 -17.5 1.1 783 9

II -11.1 -17.4 -14.3 174 1.7 I.B 179 5.7 E 68 -18.1 1.1 751 II

! II -1306 -21.8 -17.2 175 2.1 2.4 173 5.1 E 68 -22.4 1.1 828 II
12 -12.7 -22.9 -17.8 174 1.9 1.9 196 5.1 E " -24.0 1.1 935 12
13 -14.8 -25.4 -21.1 063 1.7 1.9 160 3.8 EIIE 63 -27.3 1.1 1912 13
14 -13.2 -25.4 -19.3 172 2.B 2.9 173 B.9 Elf: 59 -24.7 1.1 1m 14

I 15 -11.4 -15.1 -13.3 176 7.1 7.1 178 11.4 Elf: ~ -21.1 U Isse IS
I. -12.1 -15.3 -13.7 173 B.I 8.1 I7Il 11.4 ENE 47 -22.4 8.1 1631 16
17 -14.1 -19.4 -16.7 177 • •6 6.7 m 11.4 ENE 45 -25.6 1.0 1685 17

I IB -11 .9 -IB.O -14.5 063 7,1 7.2 165 11.4 Elf: 50 -21.7 1.1 1245 18
19 -~ .I -1306 -9.4 151 4.1 4.2 161 B.9 Elf: 73 -13.s U 1.91 19
21 -5.8 -12.9 -9.1 160 5•• 5.7 177 9.5 Elf: III -14.3 1.1 1741 21

I
21 -4.1 -12.3 -B.2 1. 7 4.8 4.1 160 B.3 ENE 5& -14.1 1.0 IB45 21
22 -1.\ -11.8 -6.5 163 3.8 4.1 165 9.5 ENE . 5 -11.9 1.0 1928 22
23 -3.7 -12.3 -8.1 160 5•• ~.7 161 11.4 ENE 50 -14.3 1.1 1908 2J
24 -3.4 -B.Il -6.0 151 2.9 3.2 16B 15.2 Elf: 75 -9.B 1.1 1253 24

I 25 -306 -14.4 -9.D 161 3.7 3.9 162 B.9 If: 61 -12.3 I.D 2365 25
26 -4,8 -9.0 -• •9 855 • •4 6.5 1.8 II.B lIE 62 -12.6 1.1 211D 26
27 -3.9 -12.8 -8.4 150 3.0 3.1 I" B.9 ENE 61 -13.7 1.1 1928 27

I
2B -4.2 -9.2 -6.7 059 1.0 1.1 073 3.B ENE 6. -1306 1.1 1650 2B
IlOIITH .3 -25.4 -10 .0 165 4.1 4.3 168 15.2 ENE .1 -15.6 D.i 389B2

GUST VEL. AT MAX. GUST MI NUS 2 I NTERVALS 8 .3

I GUST VEL . AT MAX. GUST MINUS 1 I NTERVAL 8 .9
GUST VEL. AT MAX. GUST PLUS 1 I NTERVAL 14. 0
GUST VEL. AT MAX . GUST PLUS 2 INTERVALS 8 . 3, NOTE: RE LATIVE HUMIDITY READI NGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN

ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED I N THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POIoH.

I ** .~* SEE NOTES AT THE BACK OF THIS REPORT *-**

I
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TIUN r ri l. "l 5U f1 ru1 i~ Y FOR WAT AN ~1 WEAThER STATI OI'
, :VAI N TAKE N IiUIU «c nar- cn , 19 83

itS. iES . AVG. IlAX. i'iAX. 0';"( ' 5
MAX. Mlli. MtAN YIND YINU tim GUST GUST P'VAL hEAN "tAN SOLAi

LlAY Tth?. iEh? iOO. m . m . SFIi . m. S?Ii. »Ii . i" Dr PRECIr tNE,GY DAY.-.. r DEG C IitG C DEG "IS tl/~ liE. MiS ~ DEb ~ "r. ilM/S[j~1I;:' ~ ...

- ----------------------------------------------------
-2.b -i:i.Q -a.2 i12i Lv 1.2 3~7 4.4 n .. n_l t: lUi( 133 ~ i
-e.l - I i .4 -12.6 m 1.0 2.0 Ob! .- ~t,E 03 -16.S Uti( 24511 ,- v . 1 .. - 11 ,;) -21,;; - l b . ~ 050 U 4.4 ODD 6.9 ENE 66 -2, .• *HX 274~ •4 -12.4 -29.2 -l iJ .3 051 3.3 '. B 164 6.3 ENE 66 -19.9 flU <au1 4

e -i .B -16.4 -12.1 06B 3.7 3.0 a,B 7.6 EilE 6. - 1&,4 lilt 1720 5v

" - , .5 -15.4 -11 .0 m .- 5.3 072 1D.2 tNE 60 - 15.6 fin 2503 6• •J
i -4. 9 -15,2 -10 .1 0'- 2.6 2.7 on 6.3 Bit 5B -l i>.i .... 2636 7• J

B -5.6 - l i .5 - II.!> 074 3.2 3.2 074 i .0 ENE 53 -19.5 *ft4 3025 B
9 -7.6 -20.6 -14.2 D72 3.B 3.9 070 12.1 EhE 49 -22.S .... 4227 9

10 ..t H Ifftil Itt.. ... Ud un ..,
flU ... .. tllii lUI tHl"" 10

i 1 fnll lun lUll ... U H nit ... un ItIt .. Uttl .... ,u *n • II
12 l.a -1.8 0.0 042 3.6 3.6 051 5.7 NE 53 -B. O nil 3960 12
13 1.0 - B,1 -4.0 054 4,1 4.2 01 7 6.B titt: 50 -10.2 .... 291 , 13
14 -1.3 -b.:; -3 .B m 2.5 2.6 066 3.8 tiE 56 - 10.6 IU," 2~~5 14.. - .i -B •• - 4,6 143 2.6 3.0 036 6.B HE 6b -B.• tto 12B7 1~
,.
10 .6 -9.a - 4,6 i44 ,,2 2.3 046 3.B NE .1 - 10.2 uu 1073 10
17 - .S -s.a - 4,9 m 3.0 3.2 011 6.2 NE 54 - 12.1 ..., 3378 17

}18 - .8 -7.1 -4.0 054 - , 3,3 054 5.7 NE 56 -1O .B lilt 4926 IBJ ••
19 -3.0 -16. i -6.6 060 4. iI 4.0 063 5.7 NE sa -12.B tlU 2~ ~ e 19
20 -2.8 -7.B -5.3 059 3.• 3.5 078 6.3 thE 57 -11 .B on 4110 2C
2;. - 1., -9.1 -5.4 054 4•• 4.4 0" i .0 Ef~E 53 -12.7 tlH 3471 ,.

I•• .,
22 -1.9 -9.8 -5.9 054 4.2 4,3 ObI 6.3 NE 52 - 12 ,9 till 492D 22
23 -2.5 -11.7 -7 .1 032 2.4 2,7 05& 6.3 NE 50 -15.4 tin 415~ 23
24 -2.6 -14.; -B.B 056 j . ~ 3.1 064 6.3 NE 56 -13.0 lin 3249 24
,5 -2.\ -B.7 -5.6 05B 4.4 4.4 069 6.3 Er" 55 -13.1 lin 4i12 25
26 -2,6 -8.9 -5.B 055 5.4 5.4 160 10 .8 NE 53 - 13.5 fill 3903 26

-~. 3 -u - 6,7 061 6.6 b.7 053 11.4 ENE .. -'~ ;. .... 422w 27.. ., I v ...
2B -2 .u -13.4 -7.7 04B 3.3 3.4 054 7, 0 NE 54 -14.7 lilt 4320 25
27 - 1. ~ -10.8 -6.1 il59 3.B U 070 8.9 ENE 5B -13.1 un 4523 29
30 - .5 - 13 .4 -7.0 055 2.7 2.9 074 5.7 ENE 60 -13.0 **n mB 30
31 .9 -l U - 4,6 0" 2.& 2.ct 061 U EliE 62 -10.1 lin 4500 31.1

~OrlTH I.B -21.3 -7.6 057 3.5 3.7 m 12.1 ENE 5B - 14.0 lin 96091

GUS T VEL . AT MA X. GUST MINUS 2 I NT ERV ALS 8 . 9
GUST VEL . AT MA X. GUST MINUS 1 INTERV AL 1 u , e

IGUS T !,JE L. , - MA X. GUST PLUS i INTERVAL 8 "H I ..
GUST VEL . AT r-'I A ),~ . C;U ST PLUS 2 I NT ERVA LS 8 . \;;

,o.tlJ' i::: : R€ i_;',T I vE HUM IDIT Y READI NGS ARE UNRELIABLE WHEN WIN D SPEEDS " HE LESS TH AN
CJ j~ ::: n E li:: ~! F- EP SECONIi . SUC H RE ADH~GS HA,' E rIOT BEEN I NCLUDEV I r·: THE lJHi L "l'"
U I~ r-: CJ r·:THL T MEAN FOR RELATI Vi:: HU MIDIn HOl D DEW POUH ,

X ·'-'·~: ; . b :: l::. t-! .::'II E. £.. , - TH E B'; C:, OF ThI S REP ORT "x··x··x-";.;·H ,
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I
MO NTHLY SUMM ARY FOR WA TANA WE ATHER STATI ON

I
DA TA TAKE N DURI NG Apri l, 1 983

IES . RES. AVG. ltAX. MAX. IUlY'S

I IlAl . "1M . IIEAN WIND WIND WIND GIlST GUST P'VAl. ItEAM ItEAM SOLAR
IUlY TEIII' • TEIIP • TEMP . DIR . SPD . SPD. 011. SPD . OIl. KH DP PRECIP ENERGY DAY

DEG C DEbt DEb C DEG "IS "IS DEG "IS % DEG C 11M 11H150"

I \ 1.8 -11 .9 -4.6 15& 2.& 2.7 1&9 &.3 DE 5& -9.1 0.0 49\8 1
2 3.& -11.1 -3.8 14& 2.3 2.5 168 7.1 HE 54 -11.& B.I 50&5 2

I
3 .8 -11 .3 -5.3 1&8 3.9 4.I 171 \3.3 EHE 59 -11 .5 0.1 5\31 3
4 1.7 -3.9 -1.\ 148 1.1 4.9 274 \4.6 ENE &0 -&. 3 2.1 21 43 4
5 1.1 -7.1 -3.1 151 2.4 2.8 D73 8.3 ENE &3 -& .5 1.0 4113 5
& .3 - IU -5. 1 131 1.8 2.1 117 5.1 NNE 58 -11 .9 1.1 5288 &

I 7 .& -10.& -5.1 033 1.8 2.1 iI9 4.4 NNE 57 -11.9 I. , 5383 7
8 2.2 -11.4 -4.\ 051 .& 1.3 249 4.4 ME 58 -11.& 1.0 4313 8
9 2.& - 11 .7 -4.1 322 .& 1.& 278 5.7 M &9 -12.1 .2 3473 9

I
II -4.& -15.9 -18 .3 128 1.9 2.1 022 5.1 HE 54 -17.7 0.1 5&53 \1
11 -8.2 -17 .1 - \2.& 1&9 4.0 4.1 178 11 .8 ENE &3 -18.4 1.1 5&15 11
12 .4 -1.0 - .3 154 3.& 3.7 ,&9 5.7 ENE bO -• •9 0.0 11829 12
\3 I.i 1.1 1.0 05. 1.7 1.7 ISS 1.9 NE II I H H I . I 7441 13

I 14 5.1 1.1 2.& 133 1.2 1.4 I3S 3.2 NNE 4& -7.5 .2 13921 14
15 .1 -3,2 -1.& 87& 2.7 2.8 199 &.3 ENE .. 11111 i.D 1271 IS
\& 1.4 -5.1 -1.8 145 2.5 2.8 1&\ 9.5 ENE &2 -&.1 0.1 4878 1&

I
17 &.8 -5.8 .5 321 .9 1.7 245 7.D IINll 53 -9.9 1.1 S&II 17
\8 1.8 -4.2 -1.2 171 3.0 3.7 183 10 .2 ENE 58 -7.1 1.0 mo \8
19 3.4 -3.\ .2 157 J.D 3.9 179 11.4 ENE 47 -II .I 1.0 5511 19
21 J.4 -4.2 - .4 1&7 2.9 3.2 181 8.1 ENE &1 -7.4 Q.I 4741 21

I 2\ 3.7 -4.4 - .4 044 2.4 2.7 188 7.1 NE 53 -& .3 0.1 &la8 2\
22 &.5 -3.1 1.8 13& .9 1.7 194 5.7 ENE 5& -4,8 1.1 5811J 22
23 4.9 -2.\ 1.4 302 .4 1.3 255 5.1 E &3 -2.7 1.1 5\68 23

I
24 8.3 -1.2 3•• 141 2.1 2.2 17& &.3 NE 49 -4.6 1.1 &9&8 24
2S 10.\ 1.3 5.7 152 2.& J.D 1&1 7.0 ENE 51 -3.4 1.1 713\ 25
2& 8.9 -1.8 J.b 102 1.7 1.8 III 4.4 M 51 -3.9 1.1 8238 2&
27 8.7 -2,2 3.3 33& 1.& 2.1 2&5 &.3 M 49 -3.7 .2 &895 27

I 28 7.& -2.8 2.4 344 .9 1.5 III 4.4 M 57 -1.8 i.I 4&11 28
29 &.4 .3 3.4 27S .7 .9 2\9 3.2 W II 1..11 1.1 4181 29
31 t .t -1.1 3.3 135 \.7 1.9 DI1 5.1 NNE 41 -8.3 1.1 7525 31

I MONTH 11.1 -17 .1 -1.1 145 1.7 2.S 274 14.& ENE 55 -8.2 2•• 1717&4

I NTERVALSGUST VEL. AT MAX. GUST MI NUS 2 11 . 4

I
GUST VEL. AT MAX. GUST MINUS INTERVAL 12. 7
GUST VEL. AT MA'X . GUST PLUS I NTERVAL 14. 6
GUST VEL. AT MAX. GUS T PLUS 2 INT ERVALS H .U

I NOTE: RELATIVE HUMI DITY READINGS AR E UNRELIABLE WHEN WIN D SPEEDS A I~ E U :SS THAN
ONE METER PER SECON D. SUCH READ I NGS HA VE NOT BEEN INCL UDED I N THE DAl lY
OR MO NTHLY MEAN FOR RELATI VE HUMIDI TY AND DEW POINT.

I
-X- .'f * .X- SEE NOTES AT TH E BACK OF THIS REPORT )..***
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MON THLY SUMMARY FOR 1,'AT ANA l'!FATlIF.R STATTO N
lJATA TAKE N DURI NG M-1 v • 1 98 3

RES. RES. AVG, MAX, ~AX. nAY'S
MA~. m. MEAN WlllD 41ND 4tND CUST CUST P'VAl_ MEAN rl[A~ SIli.AR

DAY Tm , TEMP, TEltP. DIR, SPD, EPD. DIR . SPD, ·m , iH DP mCIP PiERCY DAY
DEG C DEG C ~,C C DEC HIS MIS DEG M/~ ~ DEGC 11!1 ~H/SQH

--- -- -------------------
I B,O -3,b 2.2 Ob9 2.7 3,2 OBI 8,9 ,HE 5< -0,1 U b705
2 2,1 -,B .7 279 1.1 1.9 262 5,7 WSW .. lftff b.b 2233 2
3 ' , -1.0 ,9 272 1.5 1.9 214 5.1 4S4 II lu n ,, 5448 1"" ....
4 5. t -2.1 1.5 064 3.b 3.3 070 7.6 m n ~**1 '

, b21B 4,-
5 b.O -I.B 2.1 037 ~.3 2,6 Ob7 7,0 NE ~B -3.5 U ·, 073 e.,
b 7,1 -3.3 1.9 u72 2,0 2.6 12b " ' NNE 54 -3,8 0, 0 7523 b• ,0

7 I:), 0 -2.4 3,8 023 2.B 3,1 000 7.1 :JN~ 45 -) . ~ 0,I 7580 7

B 11.1 -1.4 4.9 01 0 I.b 1.9 m 4,4 N 4b -5,3 0.0 b753 8
9 9.4 -1.8 3,8 332 1.S 2,0 31b 5.1 N .51 -2.~ 1. 1 'i1 20 7

10 to.2 ,1 5.2 334 1.6 2.3 324 B.3 NN~ 41 -6.5 0,0 7320 10
II n.s -2,5 4.b 015 1.5 2,1 133 b,3 N 41 -1,6 ~ . ~ 7m 11
12 9,4 ,3 5.1 063 2.3 2,9 109 8.3 NNE 54 -2.2 U 57SS 12
13 12.0 2.6 7.b 049 i.s 2,4 m 7,0 NNE 47 -1.4 D.l 5215 13
14 11.1 3,1 7,I 270 1.7 ' " 240 7,0 ~ 50 - .3 0.0 509B 14-'-15 11.1 2,1 b,b m • • 2.0 330 5.7 IjNW 49 -1.0 U 5500 15,."
Ib 9,b ,1 4.9 OB4 3.1 3.7 OB3 9:5 ENE 54 -I.B ,2 5525 16
17 6,4 1.0 3.7 2b2 2.6 U 254 8,3 W .. ,{ U O 1.1 3%0 17
IB 6,7 ,6 3,7 274 " , 2.6 2'52 7.6 ~N~ 63 - ,5 0,0 "63 1:::-,-
19 7.8 - ,6 4.6 261 1.3 ' . 245 3.9 4 . 7 -3 , ~ U :1053 17,_ . 1)

20 l llff IflU ' M iI HI un UD ... flU ... .. U fA t 'U H H U ff 20
21 nnl HUI ,un HI u" '11'* ,n n n Ht .. a ..n H 4 ' nun ~ 1

22 Iffll n l ff 11111 ... un Uti ,.. Inl ... .. nHI nn Hlnl 22
23 B, I I.B 5.0 294 1.0 2.3 OBO 7.0 ~ II UHI •• 1357 23
24 1D.b ,7 5.7 055 I.B 2,5 099 7.b N SO -2,9 .b b990 ,4
25 12 ,7 -1.2 5,9 2n 1.9 <.9 236 ~ , 9 ~ 52 -1.1) U 7223 25
2b B.b 2. t 5,4 2:;4 1.3 2.0 275 10.2 ~SW .. »fIll 2,B 4030 21>
27 10,. 1.2 5.8 m 1.5 1.9 OB4 • • Q!E 54 -, .1 0,1 4701 27Jd

2R 15.0 4.0 10.1 un 2,b 3,4 095 0,3 NE 50 2.2 0.0 6905 29
29 17,0 b.? 12.2 0115 ' . 4,0 OBb ° .5 t 50 4, I 0,0 4425 29·.. . oJ

30 20 .1 ? .6 13.9 065 1.3 3.2 092 10 .2 E 54 , ,5 0,0 4,90 j~

31 12.1 S.13 9,0 2M <.7 3,0 257 7.6 Y n Hili 2" 4113 31
MeN!H za .1 - 3,6 ) ,3 321 ,7 2,b 2iS 10 .2 II 50 -2.0 15.2 157304

cusr 'J EL , AT tIAX , GUST MI NI..!S .., I NTF.R ')AI.S .., ~

'- L . • • • '

GUST UF: L, AT MAX . GUST MINUS 1. UHERVAL 9 . ',:-i

GU ~5T VE L, AT tlAX , GUS T P I.. UB 1 I NTFP. " AI. I:" ... ., ' ....
GUST V I~ L , AT t1AX, GUST PLUS 2 UH ERVA LS 3 . 8

~J O TE : flELA TI '.iF. HUtUD TTY 11FADH 'GS ARE UNll F. 1 IARI. E IAHF.N Wn H) ~\ P FF nn ARF LF ~1 S THM~

ON I:: MET ER PEll SF: COND. SUCH READI NGS HA VE NOT BEF. N INr.LUDI'D I N THE DAILY
OR MONTHI Y Mc:" N 1" '1[1 P"I ATI\lF HUM I1)TTY AN D On! POINT .

.x- *.;t* SEE NO TES AT THI"'. BACI< OF THIS RF.:P ORT .~ -x. ,"*
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I. I~ & M CD N B l .J L TAN T~:> • :J:NC.

BUB:I:TNA H Y l) I~ DEI... E C T I~ :I: C PI~D:rECT

'. SUMMARY' DEVI L CANYOI' WEATHER S Trin ON

I.
MOriT HLf FOR
DkTA T ,, ~ EN DURING SepteMber. 1982

'I RES. iES. oWG. 11AX . 11AX. DAY 'S
IIAX. HIN . ftEAN WIND WIND WIND G"S1 GUS1 P'WC, IlEAH ItEM SOLAR

DAY IDI. IDI . IDI. DlR. SPD. SPD. Dl<. SPD . m . iN UP PREClP DiElGl DAY
DEG C DEG C DEGC DEG 1115 HIS DEG 1115 Z DEGe ftIl Wil/SIiit

'. I 12.7 4.5 Bob Z58 .1 .9 129 3.2 NHE 410 -3.1 1.1 2b71 1
2 11 .1 4.3 7.7 1&2 .1 1.1 Ib1 3.8 ESE 49 -M 3.4 2358 2

II
3 8.5 4.9 b.7 193 .3 .7 Ibl 3.2 NI€ 57 -2.2 9.8 lb51 :1
4 11 .2 3.8 7.5 Ib9 .3 1.1 157 3.8 ESE 39 -io,b .2 25b5 4
5 15.4 3.1 9.3 I9b 2.4 2.b I9b 9.5 E 27 -8•• 1.1 2m 5
b 15.5 7.1 11 .3 1410 .b 2.1 128 8.3 NNE 27 -7.5 1.1 1b85 b

I. 7 11.7 ••8 9.3 284 .5 .9 m 4.4 iiNW 44 -2.b U 2118 7
8 9.2 b.3 7.8 243 .2 .5 321 2.5 SSW 44 -3.8 1.1 888 8
9 11.2 4.J 7.3 l7J .1 .8 291 3.8 SE 54 -1.4 7.8 \311 9

11 11.1 3.2 7.2 112 .4 •9 1&2 2.5 ENE 4• -4.5 .2 2l:Ii 11

II 11 5.B 2.2 4.1 I7b .1 .8 297 4.4 SW b2 -z.; b.4 988 11
12 9.4 -1.4 U 117 .b .9 171 4.4 EIIE 39 -9.4 U 2m 12
13 B.9 3.1 b.1 Z4Z .5 .8 2bl 3.2 Ii5Il 57 - .7 31.0 133i 13

I-
14 8.9 b.4 7.7 147 .1 .b 141 2.5 W bI .9 14.8 1010 14
15 15.5 b.4 11.1 2bb .2 1.1 34\ b.3 WSII 47 - .3 21.8 239. \5
\. 9.7 3.5 b.b 259 1.5 1.9 281 7.b W 3b -i .4 s.a 2583 Ii

; 17 7.2 lob 4.4 III .1 .9 138 3.2 ESE 7Z •1 ;,. 1432 17

II 18 11.1 2.7 b.9 2b1 .2 1.1 288 3.2 Ii5Il i9 2.9 U 1i28 18
19 8.3 4.3 b.3 158 .2 .7 Z74 3.2 SE 9Z S.4 14.4 m 19

I I
28 7.4 3.9 5.7 Iii .1 .8 297 3.8 EiiE 89 3.1 1.4 1m 20
21 11.4 3.2 7.3 188 .3 .9 314 S.l E5< b7 -1.7 .b 1295 ZIzz b.b - .4 J.I 2~ .1 1.1 311 4.4 .NII 78 -2.4 1.2 1530 zz
Z3 B.I -2.8 2.7 m .b 1.1 2B:i 3.8 S5ll 47 -11.2 1.0 278B 23
24 8.b -2.9 2.9 113 .4 1.1 lZl 3.2 ENE 75 -1.9 l.I 2m 24

I zs 9.9 -1.1 4.4 m .2 .9 lib 3.2 5 59 -3.3 1.0 1825 25
2b s.a 1.8 U 158 .1 .7 318 3.8 WSW 5b -7.4 4.Z 1120 2b
'l1 7.3 -1.2 3.1 198 .2 .9 247 3.2 S 2b -lb.7 1.8 1505 n
28 b.1 -3.1 i.s 129 .7 .9 119 4.4 ESE 48 - 11 .2 5.2 1131 28'1 29 b.9 1.2 4.1 IJb .b .9 lIZ 5.1 S5< 74 l.J b.b 1251 29
31 5.5 .b 3.1 321 .2 .7 32J 2.5 NMl 47 -b.9 2.2 1198 31

I I
IIOHTN 15.5 -3.1 b.I lJ9 .1 .7 I9b U ESE 52 -3.i 15b .b 51505

GUST VEL . AT MAX . GUST MINUS 2 I NTERVALS 5 . 1

,~
GUST VEL. AT MAX . GUST MINUS 1 I NTERVAL 5 . 7
GUST VEL . AT MAX. GUST PLUS 1 INTERVAL S .1
GUST VEL. AT MAX . GUST PLUS 2 I NTERV"LS 7 . 6

"'OTE: ~ELAnVE HUMIDITY READI NGS ARE UNRELIABLE WHEN WI ND SPEEDS riRE LESS THA N.- ONE METER PER SECONll . SUCH READI,~GS HAVE NOT BEEr4 INCLUDED IN THE D.ULi
OR MONTHLY MEAN FOR RELATIVE HUMI DI TY AND DEW POINT.

k 'A, 'k "A· SEE rWTES AT THE BACK OF THIS REPORT ......,....'"
I..I .
I,••:
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I~ .'!x M C ONS ULT ANT S , :J: NC .

S US:J: T NA HYDI~ O EI... I::: CTR :J: C p I~ O .TE eT I
MON THLY SUMMARY FOR DEV I L CANYON WE ATHER STATION IDATA TAKEN DUR ING Octo ber, 1982

r'
RES. RES. AVG. MX. MX . DAY'S

1lAX. HIN . IlEAH WIND WIND WIND GUST (;UST P'VAl. HEAN ItEAN !D.ARDAT TEMP . TEMP. TENP . DIR. SPD. SPD . DU. SPD . DIR. RN DP PRECIP ENERGY DATDEG C DEG C DEG C DEG H'S "IS DEG "IS % DEbC "" WHlSQlI
• 1 J.6 .6 · 2.1 216 .1 .7 278 2.5 WNW 70 -4.6 HH 112'3 I2 5.5 - .7 J 2.4 169 .3 .8 324 3.8 SE 48 -13.7 I H I 1688 23 4.7 -1.5~ 1.6 m .6 1.1 tI7 8.3 NIlE 66 -4.8 11ft 1725 34 4.1 -4.2} - .1 IJJ 1.0 1.2 117 4.4 SSE 67 -5.3 IH I 1855 45 3.3 -2.8; .3 175 1.3 2.4 031 10 .2 ESE 56 -7.7 IIH 1941 56 4.5 -6.1 . - .8 146 .9 1.2 026 4.4 S 58 -8.2 IHI 1790 67 .9 -2.9. -1.1 127 .5 1.1 139 3.8 ESE 48 -14.0 H H 475 78 - .5 -4.2.' -2.4 280 .3 1.0 255 4.4 WSW 43 -18.1 1111 980 89 .3 "'2.7; -1.2 292 .6 .7 317 2.5 WNW 4 -37.2 IIH J7S 910 -1.3 -S.I - -3.2 318 .9 1.0 323 3.8 NIl 71 -11.8 1111 38J 10II 0.0 -~ . 3 , -3.2 121 .9 1.1 117 5.1 ESE 77 -7.5 I H I 378 \I12 1.8 -1 .3 ,3 223 .4 .7 314 3.8 SW 23 -25.1 1111 39S 1213 - .8 -5.1. -3.1 189 .3 .6 J4J 3.8 S 61 -14.7 IIH 428 1314 -1.3 -9.2 -5.3 117 1.1 1.1 129 3.2 ESE 78 -7.2 1111 643 14IS -3.1 -13.2 -8.2 109 1.4 1.7 139 4.4 SE as -11.8 IIH 6B3 1516 -1.8 -8.5 -5.2 103 1.2 1.3 078 J.8 E 82 -7.7 1111 345 1617 2.5 -8.2 -2,9 137 .6 .9 125 3.2 SSW 26 -29.6 1111 478 1718 .7 -10.6 -S.I 101 .8 1.1 105 3.8 E 55 -17.0 H II 6J8 1819 - .9 -5.5 -3.2 158 .6 .9 110 2.5 NNE 20 -3J.8 IIH J5S 192D -2.4 -11.4 -6.9 117 1.6 1.7 lID 5.7 ESE 77 -9.7 IHI m 2D21 -5.7 -13.3 -9.5 D44 1.9 2.7 DIS II.4 NNE 6S -14 .7 IIH 928 2122 -4.5 -14.6 -9.6 IJ4 1.3 1.5 116 6.3 ESE 60 -14.8 1"1 888 2223 -7.1 -12.5 -9.8 119 2.3 2.4 IDJ 7.0 ESE 60 -16.2 IIH 755 2324 -8.0 -13.2 -11.6 IB9 2.0 2.1 III 5.1 ESE 59 -17.0 tI'l 870 2425 -7.4 -18.1 -12.8 131 1.7 1.8 122 4.4 SE 70 -16.6 IIH 788 2526 -11.3 -19 .4 -15 .4 124 1.4 1.6 100 4.4 ESE 58 -22.5 IIH 720 2627 -14.8 -2'3. 4 -19.1 102 1.6 1.7 Il2 5.7 E 66 -23.4 HH 663 2728 -11.3 -15.1 -13.2 m 2.0 2.1 U4 5.1 E 82 -15 .8 1111 438 2829 -7.4 -19.2 -13.3 115 .9 1.2 141 4.4 SE 85 -16.2 H H 6JI 2930 -15.3 -22.8 -19.1 076 1.8 1.9 I7J 4.4 ENE 81 -22.2 1111 545 3031 -9.0 -22.7 -15.9 081 2.0 2.1 066 4.4 ENE 79 -21 .1 IIH 585 31I10NTH 5.5 -23.4 .-6.2 104 .9 1.4 015 11.4 ESE 6S -15 .7 IHI 25252

GUST VEL. AT MAX. GUST MINUS 2 I NTERVALS 9. 5GUST VEL. AT MAX. GUS T MINUS I I NTERVAL 9 .5
GUST VEL . AT MAX. GUST PLUS 1 INTERVAL 10 .8
GUST VEL . AT MAX. GUST PLUS 2 INTERV ALS 11. 4 .

NOTE: RELATI VE HUM IDI TY READINGS ARE UNR ELI AB LE WHEN WI ND SPEEDS ARE LESS THANONE METER PER SECOND. SUCH READI NGS HAVE NOT BEEN INCLUDED IN THE DA ILYOR MONTHLY MEAN FOR RELAT I VE HUM IDITY AND DEW POI NT .
*-x.** SEE NOTES AT THE BACK OF THIS REPORT **-x.-x.
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I
MONT HLY SUMMARY FOR DEV:.JOL CANYON WEATHER STATION
DATA TAK EN DUR ING NoveMber , 1982

I )

IES . IES . A'IG. 1It\X. MX. OAY'S

I
1lAX. HIN. IlENt YIIII YIND YllfIl GUST GUST P''IM. IlENt MEAN SOLAR

DAY TEMP . TEMP . TEltP • DII. sn. SPD. DII. SPD. DIR. IH DP PIECIP EHERGY DAY
DEB DEB DEG C DEG HIS HIS DEG HIS 1 DEG C III IIt/SQII

I I .2 -9.1 -4.5 121 1.5 1.8 113 7.6 ESE 73 -7.5 - ill 1
2 -.. -9 .• -5.1 121 •• .9 la:i J.2 5 ~ -5.8 IHI .15 2
3 -2.7 -12.9 -7.8 .II. .5 .9 171 3.8 £NE 78 -14.5 IHI 441 3

I
4 -.3 -5.S -2.9 125 .9 1.1 178 • •3 ESE 75 -7.2 IHI 508 4
5 -2•• -14.3 -e.5 135 •• .8 132 2.5 SE B9 -B.7 Hli m 5

• -11 .7 -18.1 -14.9 182 I.Il 1.7 182 4.4 E 88 -I••B IHI m &
7 -11.9 -18.5 -15.2 194 2.1 2.3 128 5.1 ESE BI -18.1 Hli 423 7

I 8 -7.4 -13•• -11 .5 114 1.7 1.8 091 5.7 ESE 82 -11.3 IHI 341 8
9 -5.7 -8.5 -7.1 \94 .1 .5 120 2.5 WSW 13 -lB .1 IHI 311 9

II -5.9 -\3.7 -9.8 188 I.. 1.7 I~ 4.4 ESE 79 -11 .3 HIt ns 10

I \I -J.Il -&.5 -5.1 III 1.3 1.4 117 3.8 ESE 41 -24.3 Hli 318 \I
12 - .5 -&.B -3.7 131 1.1 1.4 137 4.4 SE 8l -4.3 HIt 493 12
13 -.7 -••5 -J.Il 121 1.1 1.3 115 4.4 ESE 88 -4,2 Hli 541 13
14 -;;.2 -9.2 -••2 I7Il .7 .9 IB9 3.8 £NE 21 -34.8 HII 411 14

I 15 -&.7 -15.3 -11 .1 I9J I.Il I.. 195 4.4 E 71 -13.1 Hli J&S 15
I. -13 .1 -1••8 -\4.9 187 2.1 2.1 188 4.4 E 92 -\ • •5 1111 351 1&
17 -15.7 -21.4 -18.Il 188 2.3 2.4 G97 5.\ E 87 -19 .9 HII 351 17

I 18 -15.9 -22.2 -19 .1 192 2.2 2.3 191 4.4 E 78 -23 .1 IHI 391 18
19 -15.2 -21.4 -IB.3 lIS 2.B 2.8 115 7.1 ESE III -23.2 Hli 418 19
20 -11.1 -15.3 -12.7 115 2.9 3.1 123 ••3 ESE 7. -15.4 1111 III 20

I
21 -s.B -11.7 -e.3 19J 1.5 1.7 125 4.4 £NE as -11.4 HI. 393 21
22 -4•• -7.5 -6.\ III I.Il I.B 1\9 5.\ £NE B8 -B .9 HII J7B 22
23 - .B -6.1 -3.4 112 \ .1 1.3 113 3.B ESE B4 -4.4 Hli l4B 23
24 -1.1 -4.7 -2.9 \3& 1.4 1.4 IlB 3.B SE 91 -3.4 IHI JlS 24

I 25 .5 -&.7 -3.1 138 1.4 1.5 \59 3.B SE 79 -5.2 Hli J58 25
2& -4,9 -7.3 -••1 us 2.4 2.4 III 5.7 ESE 7. -9.7 HIt 3SB 2.
27 -3.8 -1\.8 -7.8 18& 1.5 I.. 1\4 4.4 E 88 -8.5 IHI J&J 27

I
28 -11 .3 -\4.7 -12.5 181 2.7 2.7 171 4.4 E 9S -13.8 IHI J&8 28
29 -5.4 -11.1 -7.8 197 \.I 1.2 131 3.B £HE 31 -15 .5 Hit 258 29
31 -5.B -\2.D -B .9 259 .4 .7 27• 3.B Y .9 -12.2 IIH 273 31
IlOHTH .5 -22.2 -8.9 tI4 1.4 1.& 113 7•• ESE 77 -IJ.Il IHI \20.1

I GUST VEL. AT MAX . GUST MINUS 2 INTERVALS 5 .1
GUST VEL . AT MAX . GUST MINUS I INTERVAL 5. 7

I
GUST 'JEL. AT MAX. GUST PLUS 1 INTERVAL 5 .7
GUST VEL. AT MAX . GUST PLUS 2 INTERVALS 3.8

NOTE : RELATIVE HUMI DITY READINGS ARE UNRELI ABLE WHEN WIND SPEEDS ARE. LESS THAN

I ONE METER PER SECOND . SUCH READINGS HAVE NOT BEEN I NCLUDED IN THE DA ILY
OR MO NTHLY MEAN FOR RELATI VE HUMIDITY AND DEW POINT.

·x··..* ·x- SEE NOTES AT THE BACK OF THIS REPORT ***....
I

I
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SIJSI TNA HYDROEL EC TRI C: P RClJ E(="T"

MONTHLY SUMMA RY FOR DEV I L CANYON WEAT HER STATION
DATA TA KEN DURI NG De ceMber ) 1982

(

RES. RES. AVG. MAX. "AX . DAY' S
"AX. "IN , NEA~ WIND WIND WIND GUST GUST P'VAL HEA~ MEAN SllAR

DAY TElf. TW. TEHP. DIR . SPD . SPD . Ol!. SPD, DIR. aH DP PRECIP EIIER CY DAY
DEC C DEC C DEC C DEC "IS HIS DEG HIS % DEG C HN WH/SQ"

---------------
I -II.I -19 .9 -IS.S \17 • .8 280 3.2 SE 92 -17.7 1111 268.v
2 -IS.1 -21.6 -18.4 121 I.S 1.7 1JJ s.t SE 86 -20 .1 fUI 283 2
3 -11.9 -21.4 -16.7 107 1.2 1.6 12S 4.4 ESE 80 -18.9 f U t 291 3
4 -13 .1 -18 .7 -IS.9 108 2.3 2.S 125 6.J ESE 7S -20.S un m 4
S -4.7 -13 ,I -8.9 108 1.3 1.3 098 4,4 ESE 83 olD .3 XIII 305 S
6 -1.5 -7.S -4.5 122 1.7 1.9 110 :', 0 SE 80 -7.9 un 333 6
7 1.8 -1.9 -. 1 107 2.3 2.4 107 9.S ESE 81 -2.7 lUI 301 7
8 0.0 -1.8 -,9 . 134 ,7 1.0 30~ 5.t SE 11 -36.S UII 258 8
9 -.6 -14.4 -7.S 167 I.C 1.:' 277 S, I ENE 93 -9.1 nu 27. 9

10 -4,3 -19. 1 -11.7 110 1.6 1.9 141 6,3 ESE 96 -13 .3 nn 27J 10
11 -4,8 -8.7 -b,8 129 2,0 2.1 108 6.J ESE 77 -I C, I lUI 295 11
12 -2,3 -b,8 -4,6 130 I.S 1.6 124 S, I ESE 77 -7.2 u n 310 12
13 - .1 -S.I -2.6 14S 1.3 I.S 109 6.3 SSE 83 -S.O U ti 328 13
14 -.9 -9.0 -S .I 142 1.1 1.2 124 4,4 SE 93 -6.9 un 31S 14
IS .3 -S.S -2.6 130 I.S 1.7 182 S.7 ESE 7J -6.1 flU 308 IS
16 -.3 -5.0 -2.7 134 1.4 I.S liS 4.4 SE 74 -6,7 un ,.. 16.,v
17 -2,6 -10.5 -6.6 m 1.8 1.9 117 4.4 ESE 92 -7.5 nil 303 17
IS -11 .2 -13.9 -12 .1 189 1.7 1.8 177 4.4 E 7S -13.0 un 30S 18
19 -6.6 -13.0 -9.S 11J 1.1 1.3 122 ,4 SE SO -12.3 u u 300 19
20 -S,6 -IS.3 -IO.S 124 1.6 I.S 123 i. l ESE 74 -13.5 In:! 315 20
21 -IS.O -18.8 -16.9 083 ? • 2.6 071 S.1 E 91 -17,7 un 311 21• •0

22 -16.0 -2D.6 -IS.3 07S 2.6 2.7 012 S,7 ENE 87 -20 .S H~~ 30< 22o.
23 -11 ,S -17 ,8 -14.S 099 1.8 2.0 101 4.4 ESE 7S -18.1 JUU 328 23
24 -8.0 -16,8 -12.4 IDS 2.3 2.5 119 S.7 ESE 80 -14.6 UH 308 24
2S -7.8 -12 .7 -10.3 102 2.1 2.3 lib b,3 ESE 81 -13 ,S un 311 2S
2b -.8 -8,7 -4.S 130 1.2 1.4 101 4.4 ESE 80 -9.4 Ifli 300 26
27 .4 -2.9 -1.3 143 .8 1.0 09S J.2 SSE 70 -9.0 fill 2S3 27
28 .9 -. 4 .3 14S ,3 .4 097 1.9 SE 10 -28 .4 u n 240 28
29 1.7 - .3 .7 179 .b U 252 3.2 SE 11 -27.5 Ult 268 29
3D -.1 -9,3 - 4,7 ,.. U lt U II " I un HI • -37.b un 'JC',": 30. .v•
31 -b.b -10 .4 -8.S I.. Uif IIU HI lUI !fll I -46 .0 U!I 2S1 31
HCHTH 1.9 -21.6 -S.2 111 1.4 1.7 107 9,~ ESE 69 -15 .7 1111 9143

GUST VEL, AT MAX . GUST MINUS 2 INTERlJI\LS 7 . 0
GUST VEL. AT MAX . GUST MINUS I INTERW\L 6 , 3
GUST VE L. AT MAX, GUST PLUS 1 INTERVAL " ~• , -J IGUST VEL. AT MAX. GUST PLUS 2 INTERVALS a . 9

NOTE: RELr,TI VE HUM IDITY READ INGS ARE UNR ELI ABLE WH EN WI ND SPEEDS ,' HE LESS TH,\N IONE METER PER SECOND. SUCH REA DINGS HAV E NO T BEE N INCLUDED I N THE DAILY
OR MONTH LY MEAN FOR RELATI'JE HUM I DITY AND DEW PO I NT.

* x ~· ·x· SEE NOTES AT THE BA CK OF THIS REP OR T ·)t? ·x··x··x·

I
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R & M CONSULTANTS > INC.

S USITNA HYDROELECTRIC PROJECT

MONTHLY SUMMAR Y FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING Februar y , 19 83

RES. RES . oWG. IIAX . IIAX. DAY'S
IIAX. KIN. ItEAN YIN» YIN» YIN» GUST GllST P'VIIl ItEAN I£Ail SlILAI

MY TEIIP • TEIIP . TEIIP • DIR. SPD. SPD. DIR . SPD. DIR . RH DI' PIECIP ENEII;'t DAY
DEG C DESC DEG C DEC illS K/S DEG illS Z DESC 111\ IIHJSUII

I 3.3 -1.5 .9 \33 1.6 1.7 112 5.7 ESE 67 -4.4
_.

595 \
2 1.5 -2.9 -.7 \38 1.4 \.6 \42 4.4 SE 78 -3.7 HH 6\3 2
3 .3 -3.2 -\ .5 \3:1 1.5 1.6 115 7.1 ESE 73 -5.3 _ t 6\5 3
4 1.\ -4.i -1.~ i23 1.7 1.8 199 6.3 SE 69 -6.2 HH 621 4
5 1.\ -6.7 -2.8 119 I.B 2.1 i:OS 7.1t ESE 64 - 7,3

_.
703 5

6 1.3 -9.4 -4.\ \45 .7 1.2 69B 5.7 SSE 79 -5.2 HH 625 It
7 -2.4 -7.5 -5.1 251 .3 .B 314 J.B YSY 38 -22.It

_.
495 7

B -3.B - \2.B -8.3 \22 .2 .6 m 3.B ESE SIt - 14.4 HH 448 B
9 - 8,9 -\8 .5 - \3.7 117 1.\ 1.2 113 4.4 ESE 94 - \6.2 Hit 435 9

\I -B.4 -21.1 -\4 .2 121 .B 1.1 \26 5.\ E 90 -16.1 HH 501 \I
II -1i .9 -21.2 -\5.6 191 I.B 1.9 117 4.4 E 84 -\B.7 tH' 465 1\
\2 -\1.9 -22.8 - 17.4 189 1.7 I.B 182 5.\ E BJ -21.5 nn 558 12
\3 -14.5 -24.2 -19.4 187 2.\ 2.4 lilt 5.1 El£ 78 -22.2 HH 58J 13
14 - \2.5 -\9.1 - \5.8 Ilta 1.5 1.7 158 4.4 El£ 74 -19.8 Hn 721 14
\5 -5.B -\9.3 - \2.6 113 1.9 2.1 \23 5.1 ESE 61 -19 .2 HH m \5
\6 -6,2 -\3.7 -\1.1 115 2.3 2.4 199 5.\ ESE 47 -21.1 HH 843 \6
17 -7.4 -\5.\ -11 .3 128 2.5 2.6 \28 6.3 SE 45 -21.9

_.
B98 17

\B -8.5 - \4.7 -11 .6 \ IB 2.\ 2.2 i9I 6.3 ESE sa -16.B lut 628 18
19 -2.2 -\3.1 -7.6 \18 1.6 1.7 113 4.4 ESE 77 -9.6 HH 743 19
20 -1.6 -\3 .2 -7.4 1\5 1.5 1.7 18'1 5.7 SE 71 - 11.1 HH IiBJ 21
21 .i -9.6 -4,8 195 U 1.6 196 5. \ E 67 -9.3 HH 1041 21
'!2 3.1 - 11 .7 -3.B I2b 1.4 1.7 114 5.1 SSE 77 -8.2 Hn 1085 22
23 1.7 -8.8 -3.6 121 1.7 \.9 198 7.1 ESE 58 -11.1 HH 1158 23
24 - .B -7.3 -4.\ 119 1.9 1.9 188 5.1 ESE 78 -5.9 nn 951 24
25 1.7 -12.7 -5.5 \22 1.2 1.6 193 7.6 E 47 -16.5

_.
\388 25

26 .5 -4,9 -2.2 125 \. 7 1.8 11\ 6.3 ESE 67 -B .3 nn \303 26
'D 1.\ -9.8 -4.4 117 1.5 1.7 liB 5.\ ESE 6b - 11 .1 HH \598 27
28 -1. \ -7. \ -4.\ i7B 1.\ \.3 119 5.1 1£ 5B - IS.7 n n \288 2B
IlOIlTH 3.3 -24.2 -7.S 1\2 1.4 \ .7 195 7.6 ESE 69 -\3.1 llU 22BJB

GUST VE L. AT MAX . GUST MI NUS 2 INTERVALS 3 .8
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 6. 3
GUST VEL. AT MAX . GUST PLUS 1 INTERVAL 6.3
GUST VEL . AT MAX. GUST PLUS 2 INTERVALS 5 . 7

NOT E: RELATIVE HUM IDI TY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND . SUCH READINGS HAVE NOT BEEN I NCLUDED IN THE DA ILY
OR MONTHLY MEAN FOR RELATI VE HUMI DiTY AND DEW POINT .

**** SEE NOTES AT THE BACK OF THIS REPORT ;...... . . .Jt
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I
MONTHLY SUMMARY FOR DEVI L CANYON WEATHER STATI ON
DATA TAKEN DURING March , 19 8 3

I IES . IES. AUG. IlAX. IlAX. DAY'S
IlAX. NIH . .w WIND WIND WIND GUST GUST P'WIL "EAIl I£AH SlUR

DAY TElP . TEItP • TEItP • DIR . SPD. SPD. DII . SPD . DIR . RH Df' PRECIP ENERGY DAY

I DEG C DEGC DEG C DEC HIS HIS DEG HIS Z DEG C "" WH/SQIl

I -2.1 -6.7 -4,4 156 .5 .7 169 2.5 NE 41 -23.3 'H' 813 1
2 -4.4 -14.1 -9,3 113. 1.9 2.0 113 5.7 ESE 71 -11 .8 HH \615 2

I 3 -8.\ -16 .5 -12.3 III 2.6 2.8 118 7.1 E 77 -15.8 'H' 1628 3
4 -9.1 -16.7 -\2.9 118 2.6 2.9 197 7.0 E 77 -15 .3 HH \275 4
5 -4.4 -\2.1 -8.3 199 2.2 2.3 12\ 5.1 ESE 72 -\2.2 "I' 1193 5

I 6 - .8 -13.5 -7.2 194 1.8 2.0 096 5.7 E 69 -12. 1 HH 1765 6
7 -1.1 -11.7 -5.9 196 1.7 2.1 131 5.7 ENE 67 -12.2 .H' \828 7
8 .\ -14 .3 -7. \ 187 2.1 2.3 184 5.1 ENE 58 -15.6 H H 2169 8
9 -2.2 -17.1 -9.7 086 2.3 2.5 198 6.3 ENE 55 - \8.3 HH 2195 9

I II -6.4 -16.3 -11.4 189 1.7 1.8 ID5 5.\ ENE 81 -\2.6 HI. 1181 \I
II 1.5 -7.3 -2,9 113 1.6 1.8 192 5.7 ESE 81 -6.7 H n 1625 1\
12 6.4 -7.9 -.8 118 1.0 \ .3 \31 5.1 E 74 -6.9 HI' 1658 12

I \3 5.1 -9.2 -2.\ 189 1.6 1.9 166 5.\ ENE 67 -8.3 ' H ' 2318 13
\4 2.6 -7.8 -2.6 894 1.6 1.7 074 5.\ E 67 -7.5 HH 2188 14
\5 3.4 -5.1 -.9 195 r.s 1.7 199 5.7 E 71 - 5,9 "H 2123 15
\6 3.5 -8.5 -2.5 198 1.7 1.9 197 5.7 ESE 69 -7.4 HH 2675 16I 17 2.8 -11 .8 -4.5 111 1.1 1.4 196 4.4 ESE 67 -8. 4 .... 2878 \7
18 2.6 -11.9 -4.7 lit 1.6 1.9 Il4 5.1 E 75 -9.5 HH 2783 18
\9 2.1 -13.4 -5.7 087 1.9 2.1 172 5.1 E 7\ -11 .7 .HI 2871 \9

I 20 1.4 -7.1 -2.8 m 1.9 1.9 184 6.3 E 64 -8.9 HH 29\3 21
21 2.7 -7.5 -2.4 195 1.6 1.7 164 5.1 E 56 -11 .2 .... 3155 21
22 3.2 -\D.6 -3.7 193 1.7 1.9 \16 5.7 E 59 -11.2 HH 3151 22

I
23 1.3 -11.2 -5.1 III 1.7 1.9 175 5.\ E 59 -11.9 Hn 3\08 23
24 .7 -11.1 -4.7 086 1.6 1.8 t6I 5.1 E 64 -9.9 HH 2575 24
25 2.2 -6.D -1.9 \31 1.4 1.6 117 5.7 ESE 59 -9.3 f lit 3281 25
26 1.8 -5.7 -2.1 115 2.1 2.4 192 8.3 ESE 54 -1D .3 HH 3133 26

I 27 .5 -7.1 -3,3 117· 2.1 2.3 118 7.1 ESE 52 -12.0 Hn 3325 27
28 2.6 -8.1 -2.7 tD7 1.7 1.8 Db8 5.7 ESE 55 -11.8 "H 3455 28
29 3.3 -11.5 -4.1 194 2.1 2.1 tDI 6.3 E 67 -9.9 H n 3561 29

I
3D 3.4 - \1.1 -3.8 104 1.7 2.1 1!I 5.7 SE 65 -9.8 HH 3688 30
3\ 5.3 -7.4 -1.\ 112 1.6 1.9 183 5.I E 68 -6.6 H " 3278 3\
IlOOH 6.4 -17.1 -4.9 199 1.7 1.9 192 8.3 E 66 -\ 1.1 HH 74842

I GUST VEL . AT MAX. GUST MINUS 2 INTERVALS 5 .1
GUST VEL. AT MAX . GUST MINUS 1 INTERVAL 6. 3
GUST VEL. AT MAX . GUST PLUS 1 I NTERVAL 7 .0

I GUST VEL. AT MAX . GUST PLUS 2 I NTERVALS 7 . 6

NOTE : RELATIVE HUMID ITY READINGS ARE UNR ELIABLE WHEN WI ND SPEEDS AR E LESS THAN
ONE METER PER SECOND . SUCH READINGS HAVE NOT 8EEN INCLUD ED I N THE DAILY

I OR MONTHLY MEAN FOR RELATI VE HUM IDITY AND DEW PO I NT .
**** SEE NOTES AT THE BACK OF THIS REPORT *.)If -)f*
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MONT HLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DAT A TAKEN DURING Apr il , 1983

RES . RES. AIIG. 1lAX. MX. DAY'S
1lAX. "IN. ~ WIN» WIN» WIND GUST GUST P'VAI. ~N ~ SOLAR

DAY TEI1P • TEI1P • TEllP • OlR . SPD. SPD. DIR. SPD. r.IR. RH UP PRECIP ENERGY DAY
DES C DES C DEB DES IVS "IS DES "IS % DES C "" UHlSllK

1 5.9 -9.1 -l.b 103 1.7 2.0 113 5.7 SE 71 -&.5 0.0 3711 I
2 ••7 -9.2 -1.3 08\ 1.7 2.I 170 &.3 ENE .4 -o.G o.g 39.3 2
3 5.1 -8.0 -1.5 113 1.9 2.2 IQ9 • •3 ESE b2 -7,3 1.0 4lIl8 3
4 U -2.5 1.1 123 1.3 2.5 28\ 1D.2 ESE b8 -u 1.1 1.90 4
5 1.. -3.\ - .8 084 •8 1.2 19• 3.8 E 71 -8.\ .2 2505 ·•• 3.5 -5.4 -1.1 \28 1.1 l.b 127 5.1 SE 52 -\4.1 .2 4010 •7 :;.1> -5.4 - .9 12\ \.4 1.8 III 4.4 ESE 1>7 -7,3 1.0 4041 7 .-
8 2•• -5.9 -1.7 352 .5 1.4 328 4.4 ME .9 -7.1> 1.0 2923 8
9 .5 -11 .8 -5.2 384 .4 1.3 323 S.l NW 1>7 -11.7 .2 2888 9

10 -1.2 -\2.3 -1>.8 075 1.1 1.7 111 1> .3 ESE 58 -12.7 D.I 4413 10
II -4.5 -12.3 -8.4 m 1.2 1.5 1.\ 1> .3 E b8 -13.3 1.0 2380 II
\2 3.4 -5.9 -1.3 188 .1> 1.0 1.2 4.4 ESE 50 -14.4 3.4 2445 12
\3 3.8 -3.1 .4 105 .9 1.2 182 4.4 ESE 54 -\2.5 4.0 322B \3
14 4.4 -2.3 1.1 338 .5 1.4 329 • •3 NW 50 -\U .8 3470 14
15 3.4 -1.3 1.1 127 .4 .7 005 3.2 N 29 -22 .4 1> .0 1971 15\. 5.\ -1.8 1.7 077 .7 1.2 129 7.1> NNE 58 -7.0 3.2 3108 II>
17 U -5.2 -.3 115 .0 1.5 251 5,7 W b2 -8.7 1.0 31>1>1 \7
18 5.0 -2.7 1.2 173 .9 1.3 154 7.1 ESE 1>7 -3.b 1> .2 3018 18 'j
19 1>, I -1.7 2.2 103 .2 r.s 197 7.1 ESE 1>\ -1>.3 1.0 4.25 19
20 1> .8 -:;.1 1.9 097 1.2 I.. 154 7.1> E OJ -4.7 0.1 451>3 21
21 7,. -3.3 <.2 194 1.4 1.7 100 5.1 ESE 59 -1>.7 0.0 5301 2\

"I22 7.2 -,I> 3.3 282 .3 1.2 287 3.8 IiNII 73 -3.4 ,4 :;1>53 22
23 4.3 1.1 2.2 31. ,4 .9 323 4.4 WNW 17 -27.5 3.1 21>11 23
24 12.1 .9 1> ,5 183 .5 1.3 047 5.7 ENE 50 -4.3 1,1 51>55 24
25 14.3 . 7.4 152 .7 1.4 199 5.7 S 52 -1.1 0.1 S6J8 25 I..
21> \2.2 -I.. 5.3 245 .4 1.1 3\7 3.8 SSE 1>2 -2.1 1.1 51>18 2.
27 \1.\ -2.3 4.4 I7S .2 1.3 \88 5.\ E 57 -4.2 1.0 5708 27
28 9.4 -1.4 4.1 358 .1> 1.4 323 5.\ ENE S9 -8.3 U 3845 28
29 1>.9 .1> 3.8 271 ,3 .7 118 3.2 S 51> -IU . 5.b 2908 29
30 11 .5 - I.I> 4,5 134 1.3 1.8 12\ 1> .3 NNE 41 -7,4 1.1 1>235 30
"ONTH 14.3 -12.3 .8 091 .1> 1.5 28\ 11 .2 ESE 59 -9.0 33.2 113321

IGUST VEL . AT MAX. GUST MI NUS INTERVALS 5. 7c,

GUST VEL. AT MAX. GUST MI NUS 1 INTERVAL S I 1
GliST VEL. AT Mm< . GUST PLUS 1 I NTER VAL 8 .9 ]GUST VE L. AT MAX . GUST PLUS 2 INTER VA LS 7 ,6

NOTE: RELAT IVE HU MI DI TY READI NGS AR E UNRELI ABLE WHEN WI ND SPEEDS ARE LESS THA N
IIONE MET ER PER SECO ND . SUCH REA DINGS HAVE NOT ['EEN INCLUDED I N THE DA I LY

OR MO NTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT .
-x··x·* -x· SEE NOTES AT THE BACK OF THIS REPORT ·x· ***
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I
MdNTHl Y SUMMARY FOil DEVIL CANY ON I~ FATH F. R STATT. ON

I DA TA TAI<EN DUln~ G Ma u , 19 8 3

I
RES, IES, AVG . MAX, MAX . nAY' S

"AX , HIN. ""AN ~INO YIND YINO GUST GlJSTP'VAL MEAN I'!:AN SOLAR
DAI Tm, mp, TEllP , OIR , SPD, SPD, OIR, SPD, DIR, RH OP mCIP ENER GI DAY

tEG C DECC DEGC DEG "IS "IS DEG MIS l; ore C "~ IJ H/SQ"

I ---------------------------------- ----------------------------------------------
1t.D -2,2 4,4 OB3 ,8 1.~ 091 ~. I ENE ~~ -4,4 , 5318.., 5.1 .3 2.7 304 , ~ " <88 3,8 HW 38 -18,7 6,6 23GB 2•

I
3 4,9 - .2 2.4 305 ,4 ,9 315 3,B WN\I 79 -9,' ~ , 2 :1499 3
4 7,7 - ,8 s.s 066 1.3 1.7 m 6,3 ENE 67 -3.3 U %58 4
• 9,4 - , ~ 4.3 OBO ,6 1.6 m • 7 SS!oI 16 -4 , ~ 0,0 J"?93 s, ',y
6 9.7 -1.5 - ,1 OS? 1.4 2,0 020 7,6 NHE 67 -1.4 0,0 0:23 ,

I 7 11.3 -2 .1 4,6 m 1.4 1.9 m 6.3 NHE ~9 -2.2 U :,~:g 7

B 1 3, ~ - ,3 6,4 18~ ,4 1.5 227 4,- S 5B -1.4 0,0 6590 B
9 11.9 U 6,0 276 ,3 1.3 314 5,7 SSW 63 -. 1 U ')173 7

I
10 11.1 1.5 6.3 236 ,6 1.1 273 5.7 wsw 49 -2.5 Q.O ,j OG! 11
II 12 .8 -1.2 5.8 219 ,- 1.3 307 4,4 SSW ~o - 2,1 n,! ';12B u
12 1G.7 ' . 6,6 076 1.1 1.6 127 7.0 NNf- 59 .~ 0,0 -08B 1 ~•• • oJ

13 13 .2 4.5 9.? 291 , 1.2 2gb 3.8 ~N\I 61 1,1 U 457' 13..
I 14 12.9 4,1 o • 2·~1 ,6 1.2 m ' ,4 s 07 -. 0.0 4460 Py., .) • ..J

15 13.7 2.2 8.a 272 .6 1.2 m 1.1 ~N~
,.

. ~ 'l.! A489 15,.0

16 12.1 .3 6.5 070 .4 1.3 0~6 6:3 f. 42 -i» , , 3m ! ~' "

I
17 B,1 U 5.4 326 .2 ' - 325 e •

N~ 38 -17.9 L 4 279!1 1".. v ,.. .,
18 8,6 2,b 5,6 283 ,5 1.4 320 5.7 ~; I~ " -1.9 , :253 '0.. .. : '.'

19 11.4 1.2 .\.3 2~6 .3 L4 ~Z5 . " m ·0 -2. 9 , ~ :;0 ~o ~. 9.I . ' . ' .1

2~ 14.5 4.3 9.4 2!JQ 1.4 1.9 339 t .a NW 5S' ., 1) , 0 bQ95 2:)

I 21 !0.7 4.3 7. 5 294 1.5 1.7 330 S.3 tI~ '1 - 1.> U 3125 n .

"'22 11.3 3.a 7,6 122 .6 1.2 325 5,7 H~ 7G .9 1.4 'l11 ",:.
23 1O.~ 3.0 6.8 286 ,2 1.1 013 5.1 SW 71 L J 1.1 4000 23

I 2: 1204 ,9 6,7 m 1.2 1.8 084 ;,3 ENE 59 -. 1 ,
~28~ 2J,.

15 15.4 - ,9 7.3 294 1.0 1.1 296 "7 .6 WNW 63 t.7 Q,0 ~8 15 25
26 12,7 2.2 7.5 316 ,6 1.4 295 6.3 Wtlw 81 3,8 .2 4008 26

I
27 12.7 1.1 6.9 049 ,6 1.4 m u ESE 70 3.0 Q, ! 4323 27
28 : 6.3 3. 4 9.9 ~36 .4 1.6 l~O 5.7 , " \ ,8 n.o 509'1 2B
29 20.1 5.1 12.6 n94 1.1 1.6 oes '7 .0 ENE .,

6.0 . ~. 9 ~79g 29,.
30 19.7 PO.S 14.1 105 .3 1.5 n95 3.9 ~SW 65 9,2 1) .0 3503 ~~

I 31 11. 9 s.s 9.2 251 ,3 1.0 252 4.4 WNW 90 7.5 6,0 216~ 31
~QHTH 2~ . 1 -2.2 6.a 004 ,2 1.4 095 8.9 ~N. 62 -1.2 25 .• 143590

GUST W :L. . AT MA X. GUST MINUS ." INT F=: R'JALS .- .,

I
~ ·.1 , •

GUS T 'J F:: L . AT MA'x . GUST MINUS 1 r.NTER'.IAl er- ~
.. I • ~

GUST (J EL . AT MA X, GUST Pl.US 1 I NTFR\JAl. 6 . 3
GUST '.)r:: L , AT MAX . GUS T Pl.U S 2 I:iH ER\.JA LS ;:,~ . '5

I f'JfJT E: 'l ELATP)!': HUMT1Jr.TY !l EAD ItJGS ARE UNI~ F LI ARl.E 1,1IIF. tJ !,IT NO S T'F.r:::D ~·~ ~1 R r t Y S S THAN
ONE MF.TER PER SFC8ND, SUCH READ INGS HA (J f.:: NOT BEf:N I NC LUDEO I N TH E DAILY

I
Oil MON THI.Y l1EAN FOR REI. ATT\JE HlJtll DITY AND DH.I POINT .

,~ ,X· oX· ·X· SEC NOTES AT THE BA CK OF TH I S REPORT ,x·x,·x·x,

I
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I
SHERMAN WEATHER STATIONMONTH~Y SUMMARY FOR

I
DATA TAKEN DURING October , 1 9 8 2

J

IES. RES. IWG. 1lAX. 1lAX. DAY'S

I 1lAX. MIN. IOl WIlli WIND WIIlII GUST QJST , '1//11. IOl ItEAH SOUl
DAY TEMP. TEMP. TtI'I . DII. SPD. SPD. DII. SPD. DII. IH Dr 'IECIP ENEIIOY DAY

DE' C *,C BC *' MIS MIS DE, MIS % DE'C IlIl IIVSlIll

I I 4.5 -.1 Z.Z 159 .Z .4 Z\I M EI£ .. HII. HIt 1318 I
Z 7.11 -I.I 3.3 1M .3 .4 349 Z.5 ESE II ..... HH 2188 2
3 7.4 -1.8 Z.8 1117 .9 .7 lSI 4.4 ENE .. H i lt

_.
Z351 3

m
4 7.8 -5.2 1.3 I7J .8 .8 8911 3.8 EI£ II ..... .... 27JJ 4
5 11 .1 -5.9 .1 1113 I.Il 1.7 147 7.11 ME II "HI HI. Z75I 5
II 5.Il -1.1 Z.3 1111 1.4 1.5 175 11.3 Eli: .. ..... HH 19Z1 II

I 7 1.8 - .8 .5 1111 .8 1.1 1112 4.4 EI£ II ..... HI. ~ 7
8 1.8 -1.Il .1 148 .4 1.1 127 3.2 Eli: .. HI•• .H. 855 8
9 2.4 -2.2 .1 ZII1 1.1 .8 ZIZ J.B SSW .. "HI HII 7113 9

\I -.4 -3.5 -Z.I 214 Z.3 1.2 219 5.1 SSW •• •HH HH \lZI II

I \I 2.1 -3.3 -.7 1111 1.1 1.1 143 5.7 Ell .. ..... _.
7115 \I

12 2.1 .1 1.1 1111 .4 .4 147 1.9 ME II HlH .... 538 IZ
13 .5 -5.Z -2.4 131 .4 .11 ZI4 3.Z ME .. H'" ..... 345 13

I 14 1.3 -\1 .5 -5.1 I" 1.1 .7 172 J.8 E H ..... HH Il2J 14
15 I.Z -14.3 -1l.6 148 .7 .11 1211 Z.5 E .. "H.

_.
1511 15

III -.8 -7.5 -4,2 ... .... .7 HI HH ... •• ..... 1111 293 III
17 5.1 -8.4 -1.7 m .3 .4 1211 1.9 IIIE .. • HH HI. BJ5 17

I 18 2.4 -\1.1 -4.3 153 .1 .4 1411 1.9 5 II ..... .... 1541 18
19 .8 -4.2 -1.7 HI "II .3 HI .... ... .. ..... HI. Z43 19
21 .7 -13.8 -11 .11 HI 11ft .11 ... HII HI II . HH HH 1131 21

I ZI -2.8 -12.8 -7.8 1117 2.3 Z.Z 184 7.11 Eli: .. IIH1 HH B93 21
22 -1.5 -IG.O -u 158 2.1 2.3 157 7.1 ME II ..... .H. 1485 22
23 -2.1 -15.5 -t.8 181 1.5 I.Il 155 11 .3 E .. ..... _.

IZ41 2J

I
24 -3,4 -19.4 -11.4 I7Il .11 .7 181 3.8 E .. •HH HI. 1323 24
25 -4.3 -21.5 -IZ.9 8911 .Z .4 IZ4 1.3 E .. •HH HIt \193 25
211 -ZI.8 -Z4.11 -22.7 179 .5 .5 177 2.5 Eli: II ..... HH 153 211
27 ..... HIlI HII. HI .... HH HI .HI ... .. ..... HI . .HIII 27

I 28 ..... HH. HIlI HI ,,,. HII ... .... ... •• ..... HI. "HH 28
29 IIiH '"H ..... ... .... .... HI HII - .. HIlI

_. ...... Z9
31 H I li HI" HIlI ... .... HH HI HIt ... II ...H "II ...HI 31

I
31 HIli III.. . HII ... "II HII ... II" HI II ..III HI. ...-31
IlONTH 7.8 -24.11 -3.5 168 .8 .5 147 7.11 EI£ .. IIIH HIt 31135

GUST VEL . AT MAX. GUST MINUS 2 INTERVALS 5 .1

I GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 5.1
GUST VEL. AT MAX. GUST PLUS 1 I NTERVAL 5. 7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 5. 1

I NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE ME TER PER SECOND . SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTH LY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

I **** SEE NOT ES AT THE BACK OF THIS REPORT ****
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MONTHLi SUMMARY FOR SHEilMAN WEATHER STATION
DATA TAKEN DUR ING No veMber~ 1982

(

~ES. RES. olIiG. AAX . "AX. DAY' S
KAX. NIN. NEAll WIND WIND WIND GUST GUSTP'VAl. "EAN MEAN SOLA~

DAY TElIP . TEnP. TElIP . DIR. SPD . SPD. DIR . SPD. DIR , RH DP PRECIP EHERGY DAY
DEi; C DEi; C uEGC DEC IVS "'5 DEC "IS % DEC C "" WilISO"

I tun .u.. tHH til tilt tItI ,.. lilt tI, II IItU tilt Utltl 1
2 **IH tUII tHH til .... 'til til .... IH II fH11 1111 f llt ll 2
3 Ifill IIiH "HI til ItH tlH ,.. "H ,.. .. lI..t lUI Utllt ;;
4 f.II' IIIH ItHI "" 1111 fill ..I IftU "" .. "fli 'Uf Ifflll ~

5 III" unt IHII ,.. .... ,- ,.. tilt ,.. .. .un till nltu 5
b HHI tliH 11111 "" '"' "II IH **It ,.. .. ...., fI** UUII b
7 tllU ifill lU.. .., ..n .... ,.. lilt .., .. tint tI" nltn t
8 Ifill IIIH fltll ..I .11. .... "" ..It I.. .. Ultl IIU ....... a
9 tlttt tttft tllH "I 111* Itll ,.. 1111 .., II 11111 H" IIftH 9

10 itt.1f ' It. f lItH ..I tiff .... ,.. tffl I .. .. lUll 1111 IIUII 10
1\ "HI litH lU" ,.. lilt .... ... II" ,.. .. 11111 H" IIUH 1\
12 0.0 -3.1 - I.b 081 .9 .7 078 3,2 E 25 - 19,7 1111 178 12
13 -2.1 -7,1 "' .b o:;s .2 .3 3S2 1.9 ENE 44 -14.3 .... 278 13
14 -1.8 -16.b -b.2 ... Itll .2 ,.. "II ... .. filII "" 233 14
IS -10.1 -1b.9 -13.5 092 ,1 .2 992 1.3 E .. 11111 H" 171 15
Ib Ifllt 11111 lItH ... lilt flft ,.. fltil I .. .. Ittlt 11 11 u ..1t Ib
17 IIltt Iltll IIHt .., 1111 II" ... 1111 ,.. H 11111 H" UIIiI 17
18 ...**. IHIt fflll ... lilt fill "" .n. Itl .. Itllf Itll flUff 18
19 tUft ItIH IIIH .., ..It tilt ... lilt .., .. unt ttn UUH 19
20 fllff 11111 lItH ... fI" tlllI til 1111 til .. ..... UII ...... 20
21 tltlt tltll "HI '" Ult 1111 .., .... ,.. .. tft... H" nnlt 21
22 tUII ..... Itltl ..I Ulf till ... II" ,.. .. nut 1111 flUlf 22
2;; U -3.2 - lob 038 ,b .b ObI 3.8 NIlE J3 -15.0 HII 275 23
24 - .5 -10 .7 -S.b 073 .5 .5 053 1.3 ENE .. 11111 ffll 2b8 24
25 .8 -lB.9 -5 .1 OSb .7 .8 091 3.2 ENE 2b -22,4 tilt 273 25
2b -5.3 - 10 .5 -7.9 048 .9 .9 944 3.2 HE 34 -25,2 flff 270 2b
27 -7.5 -lb ,5 -12.D 07S .b .s 073 1.9 EI£ 38 -20.9 H •• 245 27
28 -14.b -20.1 -17.4 Ob8 .3 .3 08• 1.9 ENE 22 -33.3 Iffl 2bO 28
29 -4.Y -14,J -9,b til Ittl 0.0 079 .b .., 37 -21.9 IH' 190 29
30 -7,8 -13.0 -10.4 I" n .. .0 ... 1111 ... 28 -2b.8 IIff 100 30
"ONT" ,8 -20.1 -7.9 059 .b .4 Obi 3.8 ENE 32 -22,I 1111 2799

GUST VEL . AT MA X, GUST MINUS 2 INTERVALS 1 , 3
GUST VEL , AT MAX . GUST MINUS 1 INTERVAL 1 ,3
GUST VEL . AT MA X, GUST PLUS 1 INTERVAL 1 . 3
GUST VEL . AT MA X. GUST PLUS 2 INTERVALS 1 .3

NOTE: RE LATIVE HUMIDITY ;;EADINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED I N THE DAH. 'i
OR MONTHLY MEAN FOR RE LATIVE HUMI DITY AND DEW POINT,

·k * ~· ·X· SEE NOTES AT THE BACK OF THIS REPORT ·X·:k ·X-·X-
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I
SUMMARY STATI ONMO NT HLY FOR SHERMA N WE ATH ER

DATA TAKEN DUR ING DeceMb e r ~ 1982

I (

RES . RES . AVC. KAX . MAX . DAY'S

I KAX. KIN. KEM' WIND WIND WIND GUST GUST P' VAl HEA.~ KEAN 51lAR
DAY TEll!' • TEKP . TfJ'I . DIR . SPD . SPD . DIR. SPD. DIR. RN DP PREW ENERGY DAY

DEC C DEC C DEC C DEC KIS "IS DEC HIS % DEC C "" WH/SIlIl

I
------ -

I -12.1 -IB.Q -15.1 071 .7 .& 11& 3.2 HE .. 11111 lUI 20! I
2 -1&. 9 -21.9 -19.4 047 1.2 1.3 029 4.4 NNE .. '"" nn 220 2
3 -14.5 -24.5 -19.5 0&4 1.1 I.D 030 3.2 ENE .. 11111 1111 227 3

; 4 -13.4 "18,2 -15.8 144 1.2 1.2 050 3.8 HE .. 11111 un 30! 4
5 -2.3 -IU -8.2 057 1.5 1.& 083 4.4 NE .. 1f" 1 IU• 275 5
& .4 -9.2 -4,4 055 1.4 1.5 0&3 5.1 ENE .. nUl un !83 •7 U -I.I 1.5 OS6 1.4 1.4 04& &.3 NE .. 11111 n .. 24! 7

I 8 .9 - .4 .3 ... 1.0 0.0 ... D.D ... .. IIftl lilt 220 B
9 1.3 -15.8 -7.3 101 .2 .8 178 &.3 E .. ..... .... 20! 9

10 -5.1 -19.4 -12.3 087 .7 .7 \II 3.2 E .. un, IIU 258 10

I \I -2.4 -8.7 -5.& 0&4 1.5 1.& 030 3.8 ENE .. IIIIf 1111 231 II
12 .4 -5.7 -2.7 059 1.4 1.5 042 4,4 ENE .. H ftl lin 270 12
13 1.1 -7.& -3.3 063 .8 .9 052 3.2 EHE .. lUll 1111 241 13

I
14 - .2 -8.9 -4,& 143 1.0 1.2 J3S 4.4 ENE .. fllJl u n !58 14
15 2.2 -8.7 -3.3 063 1.2 I.J 065 3.8 ENE .. 11111 1111 241 15
1& -. ! -8.9 -4,& 048 .9 1.0 029 J.2 HE .. ifill If!! 2J2 I.
17 -2.8 - 14.1 -8.5 062 .4 .4 08& 1.9 ENE .. IIH I " ff 231 17

I 18 -13.4 -18.9 -16.2 O~ .3 .4 D75 1.9 EtiE .. UUI u n 255 18
19 -4.5 -21.I -12.8 CJ9 .9 1.0 052 4.4 HHE .. f ilII nil 22B 19
20 - &,] -16.4 -11 .4 OSb .9 1.0 012 3.9 ENE .. U U I U II 263 2~

I 21 -14.9 - 22 .7 -18.8 082 .8 .8 ~88 l.9 E .. flill lUI 241 "'~ .

22 -19.9 -26.6 -23.3 072 .6 .7 090 2.5 ENE .. nIH U ff 2~8 22
23 -11.2 -22.1 -16.7 Q5~ .8 .8 031 2.5 EHE .. lUff 1111 258 23
24 -B.O -19.4 -13.7 0&9 .8 .9 0~6 2.5 ENE .. 1!l1I un :!29 2~

I 25 -8.4 -11.5 -13.1 0&0 .7 .B 020 2.5 ENE .. 11111 ·I U I 20! 25
26 -1.4 -7.5 -4.5 055 1.1 1.2 0&1 3.8 EHE .. 11111 uu 248 2&
27 .1 - 4.] -2. I 068 .4 .4 082 1.9 ENE .. 11111 1111 171 27

I 28 .4 .1 .3 063 .4 .2 092 1.9 HE .. 11111 nil 172 29
29 .9 .1 .5 092 , .4 102 3.2 tiE .. 11111 1111 17J 0 0.. ~.
3D ' < -5.• -2.1 221 .5 .& :!26 2.5 5W .. unt nn .,.,': 30... ...

I
31 -2.5 -6.7 -4,6 ... 1111 lin ... 1111 ... .. nlll 111 1 165 31
KONTH 4.0 -26.• -8.7 059 .9 .9 U46 6.3 ENE .. UIII lin 7187

GUST 'JEL . AT MAX . GUST MINUS 2 I NTER VALS 5 .7

I GUST '...tEL. AT MA X. GUST MIN US 1 INTER VA L 5,1
GUST VEL . AT MAX. GUST PLUS 1 I NTERVIIL 4 . 4
GUST VEL. AT MAX. GUST PLUS 2 INTER~IALS 3. 2

I NOTE: RELATI'JE HUMI DIT Y RE ADI NGS AR E UNRELIAB LE WHEN WI ND SPEEDS ARE L~SB TH ,~ N

oNt: MET ER PER SECON D. SUCH READINGS HAV E NOT BEEN I NCLUDED III THE DAILY
OR MONTHLY ME ,~N FOR RELATI'JE HUMIDITY MID DEW POINT.

I )'; ')(oX· ·X- SEE NOT ES AT THE BACK OF TH I S REPORT *·x·*-x-

I
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MO Ni i-tLOy SUMMA,(Y FOR SHERMAN WEA THER STATI ON
DATA TAK EN DU RI NG J d n Ua r l,l ~ 1 98 3

(

KES . RtS. ~YG. K~X. KAX . UAY'S
n~X. KIN, iItAH IiI"D itiNiI lIi"D GUST GUST P'VAL ~tAtl "t~N SuLAR

u~t my, iEr.?, TtKP . m. SPD, SPD, DIR , SrD . m . Iii UP IRtClP tj,tm D~t

DE. C uti; C liEGC uEb illS niS DtG ~iS X DtG C nn "",5"~

----------------- ---------
I - ,9 -5" -3.1 ... .n. lit.. ... ..... ... .. ...U. lilt m 1
2 U -5.8 -2.9 ••• ttlt .... ... .... ... •• IItlt Iflit 22Q 2
3 -3.9 -7.\ -5.5 ••• n ... .... ... Itlt ... .. tllU tlU 18< 3
4 -. ,9 -2,,8 -13.9 ... H.t flU ... Uti ... .. tt..... ItIU 2.S 4
5 -la.D -25.8 -2l.9 ... nn II" ... lilt ... .. Itt.... at .... 2'i6 5

• -14.3 -2", -17., Dbl 3.4 3.\ Db2 i .b ;:Ot .. t ..Ut u .. m b
i -\ b.3 -29.5 -22.9 D56 ( .U 2.1 05\ i . i1 tNt .. IU" Ittf m i
8 -lb.8 -32.2 -24.5 DbD 1.8 1.5 D52 6.9 Nt .. ut.. tiff 3Sa 8
9 -,U .S -27 .D -23 .6 &35 1.2 1.3 040 3.a "Nt .. "tt. u.* 355 9

ID -n.z -,; .8 -22.8 D54 ,9 1.2 U53 5.; NE .. :lUff nit 348 lD
\I -\ l.9 -25.9 -18.9 Db2 4,2 4.4 Ob9 \2.1 ENt .. ..u. .... 52a \1
12 -14.2 -Ii ,b -15.9 Ob8 2.4 2.5 D5b 8.9 ENE .. UI.t .... 438 12
13 -\4.3 -17.9 -1•• \ Ob8 2.\ 2.2 Di7 7 ,b ENt .. ..u. .n• m \3
14 -; .9 -20.; - \4.3 05U 1.\ 1., m 4,4 ENt .. t ..... fllf 405 \4
i5 1.. -13.5 -D.O i4; 1.; 1.8 m 5,7 tNt .. ..u, .... 345 15
lb .7 -5.D -2.2 D43 ,a ,9 054 5.1 NE .. unt ..... 333 I b
\; -3.4 -\3.4 -8.4 0.2 ,3 •• 2\5 2.5 tNt .. u .... .... 22a 17
\8 2.3 -9,4 -J.b Db. U 1.4 Db5 7,D ENE .. tUti tU. 2i5 18
\9 D.O -b.2 -3.\ 07D ,2 .b 227 5.i ENt .. ttlll .flU 171 1'1
20 It." IItU Iftn ... Un Uti ... 11111 ... II flltt t*ff ItUff 2U
2\ Itt,. ItUI I ttlt ... Ittt tt.. ... Itll In .. ..ft• .II.'" -u..u. 21
22 Ittll UUt Ut.. ... Ii'll .... ... t i ll ••• .. lUff UII .II.U <2
a tltH ttt ... ttlU ... nu 1111 ... tilt ... •• IttU Utt nttitl .23
24 tlttt IHn ttHI ... tfll 1111 ... fllf ... .. -II11f ffff flHU 24
25 lun IIIU ..... ... nlf tin ... lilt ... .. l U ll flU tun• 25

'0 ttl" uttl IHII ... Uft tltf 'H Aftl ... .. ..HfI lUI d HIt 'b
27 I ltn fttll ,UII ... tUt .... ... tltt ... •• t ·tt*' .... Ittft... 27
,8 tttH IftU ItHf ... 1111 tttt ... fI.. ... .. tUff Iftl titlt" ,e
21 uUt ttttl U"t ... tttl: Uti ... tltI It. •• HtU "Ut U ti... 21
3u .uiU Hut ·.tU ft ... l~U lit • ... fUl ... •• u u.- U l t UUI:I JU
31 Ullt tUtl tttH ... taU tlU ... lin ... .. ...tn tn. H.HI 31
nG:HH ;:' ,3 -32 .2 -13" U59 1.. 1.8 Db9 12.1 ENE at Uti. uu 5990

GUST :';EL . AT MA X, GUST MINUS 2 HH ER VAL. S 8 . 3
GUS T VEL, AT MAX, GUST MI NUS 1 I NTER VAL 8 . 9
GUSi VEL , AT MAX, GUST PLUS 1 INTER VAL 10 .2
GUST VEL. HT MA X. GUST PLUS 2 HH ERVALS 7 , 0

Nlff E : ;(.Ei... Ai I \i E HUM I DI T'( I, EA DH,GS ARE UNRE LIABLE WHEN WIN D SPEEDS A i~. € LESS THAN:
Or, E METER PER SECOND. SUCH READI NGS Hi;VE NOT BEEN I NCLUDED Ir'l: ThE DAI LY
OR iiOi'~T HI_ ·t' MEA,,, FOR REL ATIVE tiUMI DIT Y AND DEW POI NT .

·'A- 'A· :;'- #.- SEE r" OTES AT TH E BAC K OF THI S REPORT 1(· ·/.:"' -X-
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I MO NTHLY SUMMARY FOR SHF. RMAN IJEATHER STATION
DATA TAK EN DURI Nr. Fehr lJ a r u . 1983

I
RES . RES. AlJC . HAX . KAX. Ilo\Y ' S

I
IIAX. HIH. I£AIl WIN1l WIlli WIlli GUST CllST P' VAl HEAlI I(AH IlllAR

DAY TEllP • TEKP. TEIlP • DIR . SPD. SPD. DU . SPD . DIR . RH 1lP PRECIP OOGY DAY
DEG C DEG C DEG C DEC HIS HIS DEC MIS 1 DEG C '" Wit/SOlI

I 1

____ .- _.
'H HH 'H .. ._. .... H.HI 1

2 HHI H_ HH.

_
HH

_. ... "H .H H _H .- ..HH 2
3 ' HH

___ _.
HH ... "H

_
H

_
HH HHH 1

; 4 I._

__... _.
HH ... .... ... .. H _ ._

HHH 4
5

_
_ H
_

' H HH H"

_
' H ' ... .. . HH *I.. HHH 5

6 ..-___
HH

_. ... HH 'H .. __.
HHH 6

7 -.1 -8.3 -4.2 189 .4 .6 073 2.5 F. .. ..... HH 6S2 7

I 8 -1.9 -13.6 -7.8 172 .2 .3 047 3.2 E .. IIIH 1_ zn 8
9 -9.1 -21.9 -15.5 176 .5 .6 145 2.5 E .. 'HH H H 1I3S 9

18 -7.5 -23 .3 -IS.4 178 .4 .5 99S 3.2 F.IlE H

_
HH 1118 10

I
It -11 .1 -26,1 -18.1 159 .5 .6 144 2.5 HE H ..- .H. ias 11
12 -11.5 -211.1 -19.3 IbI .3 .5 141 1.9 F.IlE H .HH HH 1305 12
13 -24.7 -29.6 -21.2 m .4 .4 127 I.J EMF. .. Hln !tIU 398 13
14 ..- IHn

__
' H ' .... ' H HH H ' H

_
'H' .- 14

I IS 'HII IHII

__
1111 1111 H' II" ... .. IIHI 'H' "*'*' IS

16 ._. flHI

_... HH
_. _

H"

_
H
_.. .... HHH 16

17

_
fllH

__
HH .- _

H" 'H .. IHIf HH HH" 17

I 18

_
"'H

__
HH HH

_ _._
H .HH .- ' IIHII 18

19 IHII H'" H'" H. .- Hn ... HH ... H ..... HH Hllft 19
21 "HI

__
'H HH HH

_
H"

_
H

__.
HI.n 21

21 ._. -.. _H 'H 1111 " H 'H 1111 ' H .. IHt* IIH H'HI 21

I 22 .HH HH.

__
HH HH

_ .... _ H
_.. _.

HHH ?2
23 11111 11111 IHH .., ,H. .- .., ..H H' II

._, .- HI'H 23
24 H_

__... HH HH

_
HH

_
H ._. HH .- 24

I 2S ._. ..-__ _. .- .H 'H' 'H .. IHII H"
H'_ 25

26 IIIH IIH.

_... 'H' .- ... _._
H 'HH " H

_.
26

21 _H ""1 •HH ... _.
n .. •n •n • ... .. fHIf .... ...... 27

28 II'H In.. HlH ... _.
H" ... H "

_ .. H'H 'H'
_...

28

I KOHTH - ,I -29 .6 -15 .3 lb9 .4 ,5 147 3.2 EHE .. IIIfI u n bSSS

GUST '.... FL . AT ~l A )( , cusr MI NUS 2 I NTE RV AI.S 1 . :I

I r,UGT t,l F.: L. AT MAX . r.UST MI NUS 1 INTERVAL 1 .x
r.UST VEl. , AT ~IA X . GlinT Pl.US 1 J: NTF.RvAL 2.5
cusr ')F.l. . AT MAX. r.IJST PLUS 2 TNTERIJALS 1 ,9

I NOT E: RELATI VE HUM J:D J:TY RF.ADINr;S AR F. UNRF.LJ AFLF IJHF.N WI NIl Sr F. EDS ARF. l.ESS THA N
01011' METF.R PER SECOND. SIJr.H READIN r;s HAI)E NOT BEEN I NI:L1JDJ:': D IN TH E DAILY
OR MONTHL Y MEAN FOR REl.ATIVE HUMIDITY AND DF.W PO J:NT .

I *.;If** SF:E NOT F.S AT THE [lACK OF TIn s RF:PORT ·x· ***

I

I
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DA TA TAK EN DURING March , 1983

RES . RES. AVe. IlAX. IlAX. Dt1Y'S
IlAX. "IN. MEAN WIND WIND WIND GUST GUST P' \/AI. MEAN "EAN SIlAR

DAY TElIP • TEltfI . TEMP . DIR . SPD. SPD . DIR . SPD . DIR. RH DP PRECIP ENERCY Dt1Y
DEC C DEC C DEC C DEC "IS "IS DEC "IS % DECC ""

WH/SQII

1 HIH H IH I IHI IH IIH IHI IH HH I H H IIHI IHI HIHI 1
2 IIIH HHI IHH IH IIH IIH IH HH H I H HIH HH HlHI 2
3 IHII HIH HIH III HH HH IH IHI IH H IIHI "It H HH 3
4 I IIH HIH HIH IH HII HH HI HII IH H HIH HH IHHI 4
5 I HH IHII IHH IH IIH HH I H HII I II H IHH I H I U IHI 5
6 IIH I HHI HIH III 1111 HH HI HH HI II HIH IIH HIIH 6
7 IIHI HIH HIH IH HH HH IH HII H I II IHiI 1111 "*Hf 7
B IH II HIH HIH IH HH HH HI HH HI H HIH HH IIIHI B
9 H IH IHH HIH IH HH 1111 IH HII IH H IIIH IHI HIIH 9

11 -2.6 -15.1 -B.9 061 1.2 1.3 074 4.4 ENE H IHH HII 2556 11
II 4.4 -7.B -1.7 156 1.1 1.1 153 3.B ENE H IHH I ff.I 1913 11
12 B.6 -B.3 .2 163 1.1 1.2 162 4.4 ENE II HIH HH 1981 12
13 B.6 -11.5 -1.1 068 .9 1.0 176 4.4 ENE II IHII IHI 2798 13
14 5.3 -\1.2 -J.! 169 .9 .9 175 3.B ENE H HIH 1111 2271 14
15 B.5 -B.5 1.1 165 .5 ,7 lID 3.B E H IIIH IHI 2468 15
16 6.B -10.4 -\.8 168 .B ,9 176 4.4 ENE H HHI HII 31BI 16
17 6.4 -13.9 -3.8 176 ,B ,8 OB4 4.4 ENE II IHiI IIH 3255 17
18 6.1 -\5.7 -4,9 169 ,9 1.1 069 5.1 E H HIH H II 3355 \B
19 5.9 -\5.8 -5.1 873 ,8 .9 078 4.4 E II Iftll H II 3423 19
20 I H H HIli HIH IH HH HH IH HH III H IHH HII IHIH 21
21 7.1 -\1.3 -1.6 069 1.1 1.1 072 4.4 ENE H IIHI IIIf 3423 21
22 7.1 -\5.0 -4.1 175 .6 .7 185 3.B ENE H HIH HH 3528 22
23 5.9 -14.8 -4.5 168 .7 .8 179 4.4 ENE H I HH HH 36IB 23
24 4.7 -11.9 -3,6 152 ,8 .9 067 3.8 ENE H IHH fill 2533 24
25 5.2 -8.8 -1.4 163 1.4 1.5 081 5.7 ENE H I fill IIH 3695 25
26 5.1 -B .3 -1.6 150 2,1 2.0 049 7.6 NE I I HIH IIH 3435 26
27 4.3 -7.9 -\.8 059 \.9 1.9 052 7.0 ENE H IIHI IHI 3663 27
28 5.B -9.9 -2.1 065 1.4 \.5 077 5.1 ENE H HIH H II 3798 28
29 7,6 -11.7 -2.1 077 \.1 1.1 171 4,4 E H Ifill I H I 3958 29
30 6.5 -12 ,1 -2.8 172 \.2 \.2 077 5.1 ENE II HHI fill 4228 30
31 10 .1 -B.O \.1 165 .7 .8 055 3.8 ENE H IHII IIU 3553 31
II1JNTH 11 .0 -15,B -2.6 165 1.1 1.1 049 7.6 ENE H I H H IIU 66524

GUST VEL. AT MAX. GUST MINUS 2 I NTERVALS 5 . 7
GUST VEL. AT MAX , GUST MINUS 1 INTER VAL 5 . 7
GUST VEL. AT MA X. GUST PLUS 1 I NT ERVAL 6 . 3
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 6 . 3 q

NO TE: RELATIVE HU MIDITY RE ADINGS ARE UNRELIABLE WHEN WIND SPEEDS AR E LESS THAN
ONE METER PER SECOND . SUCH READINGS HAVE NOT BEEN I NCLUDED IN THE DAI LY
O~ MONTHL Y MEAN FOR RELATI VE HUMI DITY AND DEW POINT,

* ~HU. SEE NOTES AT THE BACK OF THIS REPORT .,.~...*
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I
MONTHLY SU MMARY FOR SHFR MAN WEATHER STATION

I DATA TAKEN DURI NG April , 1983

RES. RES . AIIG. "AX . MX. DAY ' SI /lAX. "IN. NEAll WIND WIND WIND GUST GUST P'VAl NEAN NEAN SOLAA
DAY TENP . TENP. TENP . DlR . SPD . SPD. DlR. SPD. DIR . RH DP PREClP ENEiGY DAY

DEG C DEG C DEC C DEC "IS "IS DEC ~/s % DESC "" IIIVSQII

I I 9.2 -11.1 -. 5 171 1.1 1.1 082 4.4 E •• 11111 1.1 4243 I
2 9.s -B .B .4 0.9 1.0 1.1 182 5.7 ENE II II' H U 4435 2
3 8.3 -11 .7 -1.2 !OJ 1.2 1.2 lOS 4.4 ENE II Itilt U 4S01 3I 4 7.• - .5 3.b 135 .2 1.9 212 10.2 HE •• 'un 2.2 1903 45 5.1 -2.4 1.4 ISJ .2 .b JS2 3.2 ENE It 'u" 2.b 20b5 5
b 2.b -11.3 -4.4 19b .B 1.1 121 4.4 E •• fHlt 2.2 mB b

I 7 7.5 -4.5 1.5 114 .1 .2 Ib4 2.5 EHE •• fltH o. I 452'i 7
B 4.4 -5.4 - .5 235 .B .B 223 4.4 sw II t uft 1.1 3908 B9 3.7 -9.5 -2.9 217 .8 1.0 2IB 3.B SSW It 11111 .b nss 9

I
It z.s -11.3 -4.4 19b .B 1.1 120 4.4 E II Htll D.I 494B 1011 -1.9 -11.7 -b.B 157 1.3 1.4 035 ~.1 ENE •• fltH O. I 2727 11\2 3.4 -4,3 -.5 139 .1 ,7 m 3.2 NNE •• Itlil 8.4 2071 \2
13 7.4 -3.B I.S 184 .7 .b 040 3.2 E It 11111 4.0 4438 13

I 14 5.1 -.9 2.1 221 .8 .9 229 4.4 sw •• •lIn 5,1 2715 14
IS 4.S 1.0 2.3 141 .3 ,5 211 2.5 NNE •• 11111 14.2 2175 IS
Ib 7.b -1.7 3.0 OOb 1.3 1.1 159 5:1 ENE It ..... 1.8 3900 lb

I 17 5.1 -5.3 -.1 218 .9 1.2 231 . 5.1 SSW It ,".. .2 4218 17
18 7.0 -1.3 2.9 052 .b .8 121 5.1 ENE II ..... II. 0 3581 IB19 7.5 -3.3 2.1 210 .5 1.2 21b 4.4 SSW II fI"l 1.0 3908 19
20 9.9 -4.3 2.8 171 .9 1.1 177 5,1 E It H t lt 1.0 5030 21I 21 10 .1 -4.5 a.a 093 .b .8 131 J.B ENE II .111. 0.0 5143 2122 B.8 -2.2 3.3 214 ,2 .5 Ib9 4.4 S •• .111. 3,4 351J 22
23 7.b .5 4.1 m .1 .5 212 3.2 SW H ttlH b.4 3148 23

I 24 15.1 .1 7.b 123 .5 ,9 101 4.4 ENE II .HH 0.1 mo 24
2S 19 .4 -I. b 8.9 183 .3 .7 19b 3.8 E It 1111 1 O. I b008 25
2b 14.3 -3.7 5.3 315 .3 .6 305 3.2 WNW •• IfHI 0.1 mB 26
27 14 .B - 3,7 5.6 22S .1 .7 lOb 3.2 HE It IIHI 0.0 b1l3 27I 2B 1i.5 -2,9 3.B 215 ,6 .B 212 5.1 SSW It ' 111. D.i 4195 2B
29 19.6 .i 5.4 156 .1 .4 210 2.5 ENE •• H ili 6.1 4245 29
31 13.7 -2.1 5.9 042 1.8 1.2 017 5,I ENE •• IHII 1.0 bSSO 30

I rtOltTH 19.4 -11 .7 I.B 184 •• .9 212 II.<' ENE •• ..,H 08 .1 124381

GUST VEL. AT MA X. GUST MI NUS 2 I NTERVALS 9 . 5
GUST VEL. AT MAX. GUST MINUS 1 I NT ERVAL 8 . 9I GUST VE L. AT M~X . GUST PLUS I INTERVAL 8.9
GUST VEL. AT MAX . GUST PLUS 2 INTERVALS 7,0

I NOTE : RELAT I VE HUMI DITY READINGS ARE UNRELI ABLE WHEN WIND SPEEDS ARE l ESS ";, HA N
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLU DED I r~ THE DAllYOR MONT HLY MEAN FOR RELATI VE HUM IDIT Y AN D DEW PO I NT .

-X· ·lC-oX- -x· SEE NOTES AT THE BACK OF THIS REPORT ·x·* ·)(-·x.-I

I
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MONTHLY SUMMA RY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING May , 1983

IES. RES . AIIG. ItAX . 1lAX. DAY 'S
1tAX. "IH. HEAH WIND WIND WIND GUST GUST P'v.Il HEAH HEAH SlILAI

DAY T£llP • TEM. TEI'iP • DlR . SPD . SPD. DU. SPD. DII . RN DP PRECIP ENERGY DAY
DEG C DEGC DEC C DEG illS "IS DEG "IS % DEG C "" UN/SU"

I 14.4 -3.7 5.4 127 .3 .8 2a4 4.4 ENE H tillt .0 5418 I
2 8.2 1.1 4.7 219 1.1 1.2 210 5.1 SW H I HH 5.1 4123 2
3 8.8 - .1 4.4 2a8 1.1 1.3 214 4.4 SSW II IHIt .8 4018 3
4 II. 9 -I.b 5.2 150 .7 1.1 128 5.1 ENE II ItHi I .° ssza 4
5 12.3 - .8 5.8 043 .5 1.1 347 5.7 E II lUll 1.0 0433 5
0 14.3 -2.2 b.1 ISS .8 .9 351 5.7 ENE II flHI a.1 7015 b
7 15.4 -2.2 b.b m ,b .9 347 5.1 E II 11111 I.a b8S3 7
8 Ib.9 -2.5 7.2 3a8 .2 .8 213 3.8 ME II I I HI a.° b9SS 8
9 15.1 - .5 7.3 244 .4 .8 2b3 4.4 SSW I I HIli I .a 5903 9

tD 14.0 - ,8 b.b zn .5 .9 293 5.1 SW II IIHI 0.8 0283 \I
\I Ib.8 - .8 8.0 341 .2 .8 31b 3.8 ES£ I I 11111 1.0 b70S \I
12 14 .5 2.2 8.4 127 .4 .7 131> 3.8 ESE II I HiI 1.1 5783 12
13 Ib.4 2.4 9.4 iii .2 .8 al7 3.8 ESE II Hilt 1.1 5783 13
14 lb.I .9 8.5 223 .5 1.1 195 5.7 SSW I f ItHi .2 4833 14
IS 14 .2 .3 7.3 237 .3 .8 234 3.8 E II IIIH I.° 4793 15
Ib 13.b -. 3 b.7 238 .0 1.1 218 5.I WSW H IHH 1.0 4183 Ib
17 10.8 3.1 7.1 222 .8 1.1 184 7.I sw II lun 7.0 3528 17
18 11.4 2.7 7.1 222 1.1 1.3 zas b.3 SW II IHiI .b 4838 18
19 12.7 1.0 7.2 210 .5 .9 199 4.4 sw II 11111 1.0 4285 19
21 18.2 1.8 11.0 237 1.3 1.5 234 b.3 wsw II fil i i 1.1 bblS 20
21 11.1 4.0 7.9 210 1.3 1.4 253 b.3 SSW H flH I 1.4 331>5 21
22 14.5 5.1 9.8 227 .9 1.2 272 5.7 SSW II 11111 2.1 5008 22
23 14.4 4.1 9.3 210 .9 1.2 W 5.1 SSW II IIH t .4 4m 23
24 10.4 -.1 8.2 878 .0 1.8 890 5.1 SE II fll H 0.0 5889 24
2S 1.8 -2.2 -.2 105 ,2 .2 145 .0 ESE II IHII .4 91>1 25
2b IIHI 1l1li 1l1li HI Hli l1li I II Ilfl HI If IIIH IHf HIHI 2b
27 Hut IHII I H H I II l1li IIH IH IIH I H H HIH HII IIHU 27
28 I HiI IIHI fftH III IIH I f II III .11. IH II I HII 1111 ftllll 28
29 IIHI I HiI 11111 III Ittl IHI III tilt III II 11111 Hli lin" 29
31 UHI f lHl IHH III f H f IIH III 1111 IH II .HII I H I UHII 31
31 HIli f HII 11111 I II 1111 I HI HI 1111 IU II Iltll HII tiltH 31
IillNTH 18.2 -3.7 b.9 217 .3 .1 184 7.0 SSW II H I H 19.4 131075

GUST VEL. AT MAX. GUST MI NUS 2 INTERVALS 3 . 8
GUST VEe.. AT MA'X . GUST MI NUS 1 INTERVAL 3 . 2
GUST VEL. AT MAX. GUST PI_US I INTERVAL 5.7
GUST VEL . AT MAX . GUST PLUS 2 I NTER VALS 3. 2

NOT E: RELATIVE HU MIDITY READINGS ARE UNRELI ABLE WHEN WI ND SPEEDS AR E LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DA ILY
OR MO NTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

·x··" .x- .)Eo SEE NOT ES AT THE BA CK OF THIS REPORT ,.·x- ·lt*
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f TRAC[ ~I'1OUN T .
• ALSO ON EARLI ER DATE rS' .
HEAV Y FOG: viS IBIL ITY 114 "lILE OR l ESS .
BLA Nk [ NIR[[ S DENor[ !'l ISSP,G DATA.
HOURS or OPS. :'! ,H BE llEO UC EO C ~j A "AillABLE SC !OEOULE .

DATA IN COl S f:, ~NO 12- 11) ARE BASED ON 7 OR "OR[ OBSE;:IV AII ONS
o4 t ) -,;OUR INTERYAl S ilESUlWH " 1'11 0 is IHE vECTOR SU:'I O. ;.l IND
SPEEDS AND DIRECTIONS DI YIDED By TH[ '\lUMBER or OBSE R ~ .\T1 0N S .
CNE or IMREE ;.l IND SPEEDS [S Gi vEN UNDER FASTE ST !'IlL[ : ; ~S ; E s r

:"I Il E • I4 IGiol EST "'ECORDED SPEE D rOR Iol HICH A :'ll l E or Iol [NO PA SSES
STHI O'l [OUlECTlON IN CC'lPASS 00l tlTSl r.\SI ESI OBSHh[O C'IE
!'l INU1E Iol IND • HIGHEST ONE !'l[tluTE SPEED IQIR[C IlOtl IN TE 'II S or
DEGREES] . lIEA I( GUST - I4IG I- (S: l NSTA NIANEOuS Il I N;) SPEEiJ ! J ..
.\PPErtq S l "l IHE J II<EC T!;;N COl!,; !'l rll . E:;ilOR<; " Il l 3E ~O :l =! EC I E n

.\NO CHANGES IN SUl'I l'IAlH DATA .. I LL SE :'NNOU T£ O I N 1,;[ ~ "~ l; A l

Pu8UPTl ON.

I CERTI FY THAt IHIS IS AN OFFIC IAL PUBLICA TION or THE NA ti ONA L OC EANIC ~ N D AT "OSPHE RIC AO"[NISIRATl ON. AHO IS CO "Pl lE 'J FRO"
RECOROS OH FILE AT THE NAT IOIiAl CLl IlA" C COHER. ASHEVILLE. NOR IH CAROLINA, 29901.

J1 14 1hJ
"CTING DIR ECT OR
NA TION" l CLI"" I[ C CENTE R
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• O HI[II£ FDA THE 1l 0P4 1H - LAS T OCCU ARENC E IF " OIlE THA" ONE.
I IRACE A"CUNI.
• ALSO ON ( ARLI ER DATE IS• .
HEAYT fOG : VISIBILITy " 4 "IL E 011 LESS
BLANK EN TAIE S DENOTE ,''lISSING DATA .
HOURS OF OPS. ~A1 aE REDUCED ON ~ VARIAB LE ~C"EOUl E .

DATA IN CDLS !l AND 12· 1'; ARE BASED ON 7 OR "DR( OBOj( RV ATIJ NS
H l- HOUR INTERVALS. ~E SULTAN I WiNO IS THE 'l ECTOR se ll Of HINil
s PEEDS AND DIRE CTIONS DIVIDED IH THE ~u "' BE R Of 0 8 S E R v A I(Q~S .
ONE Of THREE " IND SPEEDS IS Gi vEN UNDER fASTEST IlILE: f AS TE ST
!lILE - HIGHE ST IlE COR DED SPEE D f ilR .H+!(H A !'l ILE Of " IND PAS SES
SIATION IDIRECTi ON IN CO",PASS POINISI . nS TES T CBSERH Q CNE
:'lINUIE ;;INO - .. IGliEST ONE IlINUrE s PEED IOIRECTlDN IN IElrtS :If
OEGREE SI ~PK GUs T - .. IGH[ST INS !ANU Jrt EcuS WiNO SPEE D ~ A I
AIlPE.aR S IN Y"E DIRECTIO N COLUPl NI . ERIIORS WI LL 9E CO ilIlE::YE D
.aND ~ ...a NGES IN SI.o l'l I'l AR' O.a U ..ILL 9E .aNNo taTED IN r..E ~ " "' uAL
;) 'J 5L[ ( :. t ;C~

f C(RIT" THAr FHIS IS AN QH ' C1AL PuBLI CAT ION Df IHE U n ONAL OCEAlU ( AND aHIDSPHE RIC AOrtl NISr U II DN , AN D IS (CI'IPIU J f Rail
RECDADS 0,. f i LE at TWE "" n DN n CU IlArIC CEN TEA, o\ SH[ yfLL E, "DATH O RD LlNA , 298D1.

C"·. '.:
:- .

n 0 a a "'TlClll OCEIIIC " C / £n UCIR[ U l l CAT . 1I1I /U TIOUl ClIUI IC t UT(I
ITRC5PM(l iC ICR Ul 51U " CI l_fOU lTl e. 5(AflC£ / HM[fl ll(. _U IN CA POLIU

14 1kf
AC lING DIRECT OR
....II ONAL (U IlArf ( CE!lI ER
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