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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, ftrnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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P RE FACE

Coullec tion uf the data p resellted lie re in wvas autho rized inl July 1946
by the Chief of Eniginlieers in the "Inis truectiun s and Outline oili M eteo rulogical
Data Study. ThEle p rogram wvas initiated by the Pe ruIaf rust Divis ion
St. Paul Di strict and conjtinued by the Arctic C inst ructien and Frost Effects
Laburatury (AC FEL), U. S. Armly Engineer Division, New England. In
February 1961 ACFEL was merged iuto the U. S. A rily Geld Regions
Research and Enigineering Laboratory (CRREL). The prugram included the
coullecetion oif datal at ?-0 st ation s in Alaska and one in Canada, with this
repo rt Summllla rizing tile data iibtaiiied at Foirt Yliuon Alaska. Thle data
obtained at the othier stations in this p rugramn will be pre se nted in separate
repo i r t .

The ives tigatio ii tis a luoope rat ive yen hire of the Ceorps if Engineers,
the United States Weather Blureau and thle F ede ral Avia-tieii Agency (formrl y
Civil Aereonant ic s Adm iniis tration). Substantial support and assistance in) the
inve stigatio xelere p roviuded by pensoliiel of the Alaska Field Station, C RRE L
(forime rly A rctic Coens t riuction Inves tigatioin A rea) at Fairbanks, Alaska.
Pe rsonnl fromn the A FS ilsled :1c1and maintainied the groulid -ternpe ratu re -
ifleasu ring c quipillt and r- de nec]I tchic al assis tanc cc tIhc - pc rating
per soinniel of the U. S. W eathier Buiireaiu and Fede ral Aviation Agency.
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SUMMARtY

This report sumn-arizes clinuitological, grounld-temperature, and
s ')il data obtained at Fort Yukon, Alaska. The c limatological data Were
obtained from U. S. W eathier Bureau records for the years 1 948 to 1958;
the ground-temperature data wvere obtained from daily observations
during the years 19417 to 19 58; and the soil dlata xere obtained fromn
samples taken while dirillin g two holes: one in July 1 946 and the other
in July 1958.
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GROUND 'IEMPERATURE OBSERVATIONS,

FORT YUKON, ALASKA

INTRODUCTION

Purpose

The Fort Yukon, Alaska, data summarized in this report were obtained in
connection with an investigation to evaluate the relationship between climatic conditions,
soil conditions, and soil temperatures in arctic and subarctic areas. These data could
be used by agencies requiring general knowledge of this area for such purposes as site
selection or as a guide in more detailed research efforts.

Scope

The investigational program involved the collection of climatological, ground-
temperature, and soil data from 20 stations in Alaska and one in Canada.

The climatological data for Fort Yukon, Alaska, were obtained from U. S. Weather
Bureau records for the years 1928 to) 1958. Ground-temperature observations were
o*btained on a daily basis from 1947 to 1958 by the U. S. Federal Aviation Agency for the
Arctic Construction and Frost Effects Laboratory, U. S. Army Engineer Division,
New England. Soil data were obtained from samples taken during the drilling of two
holes, one in July 1946 and the other in July 1958.

DESCRIPTION OF SITE

Location

Fort Yukon is a small village and
trading post in east central Alaska. It

"'do/or Veno,1:is located on the north bank of the Yukon
a House River, approximately one mile upstream

° I In 0 from the confluence of the Yukon and
. Porcupine Rivers, at 66' 34' N latitude
---' Tn ' % .and 145' 18' W longitude (Figure 1).

•YUKON The only feasible access to the village
1 . ,- 7 is by air from Fairbanks, Alaska,
0 . hr,: 0 % 140 air miles south-southwest, or by

p go r ,irch ~river during the months of July through
O* - . 0 .. ..* September. An unsurfaced landing

strip provides year-round access to the
area by air, and there are docking facil-

MT"Sy ities for small boats and barges at tileMT HWATYA .4 1,0 0,-C13

4540-610 $  X', . C Northern Commercial Company.

,,\", ,060 Terrain
'ii' CACHE MT C ro In the vicinity of the temperature

400 3.s ,oUrcle Hot assembly, the terrain slopes slightly,_ S N , ISPr'ngs

SCro* in a southerly direction, to the Yukon
060 8,,ch c[River 500 feet away. During the obser-

Z3 20o SrTE 540.4504N vational period, the vegetation in the

Chotonka j i heno H
o
t Spri

n
gs general area consisted of a fairly thick,

44.4
c'-  

2- to 3-ft-high growth of grass, weeds,
Hop ~ t~5 590- T POINT and willow ]:)rush (Figure 2).

u Frret ( Cliniate

lof 458 Climatological data for Fort Yukon

560o. are given in Fable I and in Figures 3
and 't.

Figure I. Vicinity map
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Am

Figure Z. Surface cover in area of ground-temperature
assembly.

Table 1 gives air temperatures, precipitation, amounts of snowfall and snow

cover, and the freezing and thawing indexes.

Figure 3, a climograph (also called a hythergraph), gives: mean monthly values

of precipitation versus temperature; direction and force of prevailing winds; cloud

cover; number of days of precipitation (rain and/or snow); and fog data for the area.

Figure 4 presents meteorological data and ground isotheirns for a typical year

(1951). The II Cteorological data includes daily air temperatures, degree days of

thaw and fre e Ze (cumulative monthly), daily precipitation (rain and/or snow) and

depth of snow on the ground.
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Table 1. Climatological data

for

Fort Yukon, Alaska,

1928 - 1958.

Air temperature - *F.
M ean annual ................................. Z0. 7

Recorded high (6/25/55) ..................... 97
Recorded low (12/7/35) ....................... -71

Precipitation - inches
Mean annual ..................................... 6. 5
Max. annual (1944) ............................... 10.7
Max. monthly (Aug. 1930) .... .................... 3. 0

Snowfall - inches
M ean annual ................................. 43.3
Max. annual (1948) ............................... 72.6
Max. monthly (Nov. 1939) ....................... 22.8

Freezing index (degree-days, F, below 32)
Average(1947-1958) ... .......................... -7484
Low est ...... ..... ................ -6631

Highest . ......................... -8099

Thawing index (degree-days, F, above 32)
Average (1947-1958) ............................ +3110
Lowest " ........ .... ............. +2780

H ighest " .......................... +3480

Average date start freeze season .................. 22 Sept.
Average date start thaw season .................... 24 April
Average length of freeze season (days) ............. 215
Average length of thaw season (days) ............... 150

Snow cover - inches

first day of month for 1949-1958

Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
Maximum recorded 2- 12 21 29 36 41 46 32 0
Minimum recorded - 2 5 15 20 15 16 T 0
10-Year aver;,ge T 6 13 22 26 35 30 6 0

T z Trace
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GROUND-TEMPERATURE ASSEMBLY

Location

The ground-teilperaMturO assembly at Fort Yukon, Alaska is 1 ZZ feet northeast of

the Federal Aviaition Agency (FAA) quarters and co~ntrol building and 500 feet north of

the Yukon Rivur (Fig. 5.) Sourface drainage fromt the immediate area flows directly
towa rdl he teinpe ratu ro ass embly from the west and s outli.

GROUND
TEMPERATURE

ASSEMBLY

-, ELocA

__AA GUANTfRS IILOG

*00* 06 '00 4* /
PRESET N"" T-W)

MTi -c

F igu re 5. Site location.

The locatit n of the te nyc ratt re ass emtbly in such close p roximnity to the Yukon
River shlotild be ens ide rtd .hen in te rp ret ilg the g round- teipe rature data, as it is
po s sible that g rti d ti'nipi: ratoireS v'will v;i ry considerably as thte distance fromn the
river iticreases.

Dri~ling tempe raure well

Drilling iupiratiins begti on 11I July 19'46. TFle first hleIL attemipted had to be
abandoned afilcr drilling to ai depthi -f 0. -1 feet, as gravel wvitll ci ibbl8 stup to 3 inches in
diamneter wvas enicoutitered it thait depthi. A\ ow location was chosen for a second at-
tempt; drilling at that locatio n assueccess ful, although cons ide rable diffic ulty was
1:Xpern ied iii peine trating friozen gravel and sand. By a com-bination of wvater Jetting
and driving, a 2.1. 5-ft-deep temnperatu re .% ell was comrpleted on 14 Jully.

Inst rum en tat ion

The grounid -terripe ratuire -- rucaso rinig equipment in stalled at Fort Yukon consisted
of nine copper resistance the rmomet ers (the rmohnis); the three top thermohirs were
enclosed in 3/4-in. -diam tubing and the other six wvere suspended in a 2-in. -diarm oil-
filled pipe. The therniohmis extended from 0. t0 to 42. 0 ft below the ground surface,
spaced as shown in Figure 6. It should be noted that the 0. 0 -ft therrnohni is actually
1 /8-inch to 1/4-inch be low. the groundl sourface.

Temperature observations w.ere miade wvith a Leeds and Northrup Model 8015-S
temrpe rature indicator; it was at double ratnge, Wheatstone -bridge type with one scale
range of - 90C to -50 and one! of -1I 5C to i30C.
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Resistance thermometers were used instead of thermocouples because similar

equipment had been used previously by the U. S. Weather Bureau and station personnel

were familiar with the observational procedure. Also, the use of thermocouples would

have necessitated the daily preparation of an ice bath for reference use, which is not

practical when observations are obtained only in a single temperature well.

122 FEET TO FAA

JUNCTION BOX CONTROL BUILDING
8 ~30 CONDUCTORcAL

120'-0
2.00

0SURFACE THERMOHM IS ' TO / INCH
BELOW GROUND SURFACE.

2
_ 7.0'

U

4E

.0---' THERMOHMS SUSPENDED IN

~2 INCH OIL FILLED PIPE

I o D' SCALE IN FEET

n

,v3 0 3

w

I- 22.0'
CAP -225 FEET BOTTOM OF HOLE

Figure 6. Resistance Thermometer Installation.
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SOIL INVESTIGATIONS

Exploration

In conjunction with drilling operations for the temperature well, representative
soil samples were obtained with a 4-in. hand auger after each drill run. During a field
trip to the site to remove equipment on 23 July 1958, a 7-ft-deep exploratory hole was
drilled 6 feet east of the temperature well. The exploratory drilling was performed by
drive sampling with a Chicago pneumatic drill rig equipped with a Z00-lb drop weight.
A 3-in.-diam hardened steel drive tube was used as the sampler. Attempts to drive
through the frozen gravelly sands beyond a 7-ft depth resulted in refusal and buckling of
the sample tube.

Soil data

Laboratory tests were performed to identify and classify the soil samples obtained,
with moisture content and density tests made on suitable representative samples. The
boring log and soil data for the temperature well are shown in Figure 7, and the log and
soil data for the exploratory hole are shown in Figure 8.

GROUND TEMPERATURES

Observed ground temperatures

Ground temperatures were recorded daily at Fort Yukon for 12 years (1947 to 1958).
The maximum, minimum, and the average of the temperatures recorded the first day of
each month are shown in Table 2. The actual ground temperatures recorded the first
day of each month for the 1947-1958 period of observations are shown in Table 3.

Ground-temperature gradients

Ground-temperature gradiLtits for a typical thaw and freeze season (1951-1952) at
Tort Yukon are shown in Figure 9. Gradients were plotted for the end-of-thaw, mid-
thaw, mid-freeze and end-of-freeze. rhu ni-,. aunm and minimum ground temperatures
recorded at each depth during the period of record are also presented.

The end-of-thaw gradient indicates the maximum depth of thaw for the 1951 thawing
season; the end-of-freeze gradient shows the minimum subsurface temperatures record-
ed (at depths greater than 4 feet) for the freezing season. It should be noted that the
maximum and minimum temperatures shown fur the various depths do not represent the"
1951-1952 season as do the gradients; rather, they are the maximum and minimum temp-
eratures recorded at each depth during the years 1947 to 1958.

Depth to permafrost

The seasonal depth of thaw at Fort Yukon varied slightly from year to year; the
average seasonal depth of thaw observed during the period of record (1947-1958) was
approximately 7. 5 feet below the ground surface.

When the ground-temperature well was drilled on 14 July 1946, frozen ground
(permafrost) was encountered at a depth of 5. 2 feet (Fig. 7). A hand augered hole
drilled on 12 August 1949 reached frozen ground 7. 5 feet below the surface. On
23 August 1958, an exploration hole was drilled as close as was physically possible
(6. 0 feet east) to the ground-temperature assembly, and frozen ground was encountered
6. 2 feet below the ground surface, (Fig. 8).
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Table 2. Ground temperatures, 'F. Maximum, minimum,
and average observed first day of month, 1947 - 1958.

DEPTH MONTH

IN JAN. FEB. MAR. APR. MAY JUNE
FEET MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. PIN. AVG. MAX. MIN. AVG.

0.0* 25.5 9.7 18.9 24.1 12.9 19.2 23.0 14.2 18.9 26.6 21.6 23.2 37.7 23.0 30.9 66.9 43.9 56.8

0.5 28.0 18.0 22.1 26.9 16.9 21.6 23.7 15.1 21.0 26.2 21.9 24.8 31.6 24.4 28.8 46.4 35.6 40.8

1.0 29.1 20.5 25.3 28.4 20.5 23.7 25.5 19. 22.8 26.9 23.41 25.0 31.1 25.1 28.9 4.2 34.2 38.8

2.0 28.0 21.6 25.0 27.7 19.0 2h.1 26.4 22.3 24.2 27.3 23.7 25.1 30.2 24.8 28.4 35.6 30.2 32.9

4.0 31.3 27.9 29.7 31.3 27.0 29.7 31.3 28.0 29.3 29.8 23.7 28.0 29.8 28.0 28.9 30.2 29.3 29.8

7.0 31.8 31.3 31.6 32.0 30.9 31.6 31.6 30.5 31.3 31.6 30.9 31.3 31.6 29.5 30.7 30.9 29.8 30.h

S1.0 31.3 28.h 30.5 31.3 25.5 30.2 31.3 30.2 30.9 31.3 30.2 30.7 31.6 30.2 30.7 30.9 30.0 30.7

16.0 30.9 10.2 30.7 31.3 29.7 30.7 31.3 30.2 30.7 31.3 30.5 30.7 31.3 30.4 30.7 30.9 30.2 30.5

22.0 30.9 29.7 30.7 31.3 29.8 30.5 30.9 30.2 30.5 30.9 30.2 30.5 31.3 30.2 30.5 30.9 30.2 30.5

*Thermohm installed '/ inch to '4 inch below ground surface.

DEPTH MONTH

IN JULY AUG. SEPT. OCT. NOV. DEC.
FEET~~ MAX. MIN. AVG MAX. MIN AVG MAX MIN. AVG. MAX. MIN, AVG. MAX. MIN AVG. MAX. MIN. AVG.

00* 75.9 5h.7 68.0 77.o 55.0 60.8 60. 10.6 50.h 38.1 18.7 30.2 28.0 15.8 23.4 26.9 10.4 20.8

05 69.8 43.9 50.9 54.7 U1.2 19.1 53.6 28.5 L2.8 39.9 25.9 30.7 31.3 18.9 26.6 29.8 21.9 24.

1.0 55.0 43.5 L8.7 54.o 16.L 49.3 17.8 40.6 4.8 37.L 30.2 33.1 31.6 27.3 30.2 31.5 18.1 27.9

2.0 7.1 39.6 03.5 50.4 15.7 17.1 45.7 111.0 42. 39.2 29.8 33.6 31.3 26.2 29.8 30.5 23.7 27.9

40 33.8 30.2 32.2 39.9 30.9 33.8 39.2 35.8 38.6 37.7 28.8 33.114 31.6 28.4 31.3 31.6 29.8 30.9

7.0 31.1 29.8 30.5 32.7 29.8 31.3 32.7 30.5 32.2 33.8 30.2 32.0 32.0 30.9 31.6 32.0 30.5 31.5

11.0 31.3 29.8 30.7 30.9 29.8 30.5 30.9 29.8 30.5 31.6 29.8 30.7 31.3 28.8 30.5 30.9 30.2 30.7

160 30.9 30.2 30.5 30.9 30.2 30.5 31.3 29.8 30.5 31.3 30.2 30.7 31.1 30.2 30.5 30.9 28.6 30.

22.0 31.3 30.2 30.5 30.9 30.2 30.5 30.a 29.8 30.5 31.6 29.8 30.5 31.1 29.8 30.5 30.9 29.3 30.4
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14 GROUND TEMPERATURE OBSERVATIONS
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