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ADSTRACT

The physical environment of the Fort Greely sares is anslymsd and
evaluated vith speclal reference gilven to the significasnce of climate,
terrain, and vegetatior on testing activities at the various courses
and ranges of the test site. Cold spells under ~25%° and -40°F are

studied for their frequency snd duration of cccurrence at the test areas.

It 13 shown that there is considerable variation in minimum temperatures
within the area, with Bolio leke, ifor exsmple, often being 10 to 15 F*
colder than the main weather station. Differences within one mile may
be as great as 40 F°* on some calm, clexr winter nights. Even under
these corditions, however, temperstures suitable for cold testing are
nct reeched on very muxy nights, and & tempsrature of -TO°F, the des .gn
tewperature given in Army Regulation 70-38 for extreme cold, has never -
been attained. The ehance of a minimm of -25°F, the uppermost tempera-
ture sccepteble for cold tests, is only one in fifteen for any given
date betwaen 13 November and 18 March at the main station.

Visibility restriections pvch ss ice tog, blowing dust, and snow are
occasionally present during the winter season. Solar and lunar align-
ment are discussed and & table of the phases of the moom through 1980
i5 presented.

A comparison of the climate at Port Creely with other possible test
locations in Alaska indicates that other lovations are better tempera-
turewise, but possible difficulties associsted with accessibility might
make them impractical.

Mathods for dealing with snow and ice are discussed. Proceldures
for taking meteorologlcsl chacrvalions end for determining snow proper-
ties are outlined, and the test facilities at Fort Greely are deacrilbed.
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ENVIRONMENTAL GUIDE FOR ARCTIC TESTING ACTIVITIES AT PORT GREELY, ALASKA

I. roduetion
A, Climate

Bhort, coocl summers and long, very cold winters identify the
climate of Fort Greely as subarctic in type -~ a type commor to much of
the high lstitnde boreal zone of northern Nerth America and northsrn
Eursgie. Spesific winter weather conditions needed to test equipment
are not a? charscteristic of Fort Greely, howevsr, as of other sites
within the interior of Alaska. Although severe cold can and doez occur
on occasion, it is seldom as prolonged as the cold experienced farther
from the Alaska Renge. Relatively high temperatures sometimes cccur
when air moves from the Alaska Rauge through Isabel Pass and is heated
adiabatically (by compression) before arriving st Fort Greely. Fair-
banks, farther down-valley frm Fort Greely and awvay from the influence
of the adiabatically heated air, experiences from 25% to 152% more days
suitable for testing, although not as many as Bolio Jake - & test site
of the Arctic Test Center.® Foasibly the most favorable cold-weather
teuting conditions occur somevhere in the lowlands of the upper Yukon
between Circle ind Fort Yukon, but & special study wowld have tc be
made to deternmine the wost sppropriste site. A slightly higher fre-
guency of teaperaturss suitsble for cold tests can be expected up-
valley from Fort Greely et Northway where the Arctic Test Center sends
eguipaent and persomnel during times when conditions are not suitable
at Fort Greely.

¥ A suitable testing day is defined as a day when the miniwum tempera-
ture reaches or exceeds -25°F. Bolio lake, the coldest and most fre-
Guently used test site for low temperstures at Fort Greely, comperes
very favorably with Feirbanks and Fort Walmwrighit. Based upon analyeis
of the five winters from 1963-1958, Bolio lake experiemces more
days with -50°F min. and 27% more days with -UO°F min. than Fairbarks.
Fairbanks, however, experiences 3% more days when the minimun tempera-
ture is between -25°F and -40°F than does the Bolio Lake test site.




B. Surface and Terrain Conditions

[ —

1. Terrain

The foilowing tesrrain types are common to the Big Delta Test
Area: Highlands (generally 2,500 fest and above); Lowland end Flat Sur- -
faces (gemerally leus than 1,500 feet); and Kawe-Kettle Surfaces (low
bills and lakes, 1,500 to 2,500 feet), The distribution of tke types is
ehown op the terrnia map, Figure 1, and their charscteristics summariged
in Table I. The aurface sad terrain festurer of the area sre largely
the result of glacial action, past and presemt. Many of the surface
features are remnants of deposits left by glaciers that extended over this
ares in the pagt. With the passing of time, erosion and peat deposits
altered the original surface formations considersbly, with the present
swrface types finally emerging.

2. Surface Materials

Much of the gurface meterial consists of layers of peat vary-~
ing in depth from a few inches to many feet. Hundreds of small lakes
and swaupy lake beds dot large sections of the Test Area. Extensive sand
bars and other alluvisl materiasls characterize the flood plains, and
large areas of broken rock fragments cover the steeper slopes and summits
of the highlande and hills.

3. Draimage

The Test Area is hounded cn the weat by the Delta River and
or the east by Jarvis Creek. PBoth atrecems have gentle gradients and
braided channsls. Many of the smalier tributary sairesms flow.in narrow
channels that are choked by thickets of willow and alder in many placea.
The flow in the streazms is principally produced ané ccairollsd by snow-
meit in the spring and the melting of glacier ice to the south later in
the sumeer. :

C. Ve ‘tion
1. Genersl

The distribution of vegetation types is shown on Figure 2,
and furtbher informmtion is given in Table II. Vegetation types vary
with elevation and drainsge and are particularly gubject to alteration
by forest fire. VWhere permafrost layers occur near the surface, drain-
age is poor and few species are able to ezist. In arees that have beem
burned over there is & young vegwtation cover of trees of smal)l dia-
meters and heighto. b

2
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TAELE I: CLASSIFUCATION OF PERENWV ‘ai, VEGRTATIOR ©n

MIXTD SHORT

MIXED SCRUB

SEDGE-
TUSS0CK

TEE FORT GREELY TEST aREA

HABITAT (5

Hign moraine
deposits

Drier, geutly
sloping gravel
Plains which have
been burned gver.

Usually on low
poorly drained
areas but soms~
times found on

slopes.

lowlands and hare
hilltops.

Areas sbove
2,500 feet,

PRUNCIFAL
SFBUIES

White and bLleck
spruce with
scattered birch,
aspen, and wiliow.

Agpen and birch
with scattered

clumpe of Yyoung
gpruce,

Alder, birck,
and spruce with
heath undergrowth.

Sedges on low-
lands: songes
and lichens on
niiltope.

Tusdra mosses,
craaberry, blue.
berry, mossberry,
amell sedges and
wilicws, labrador
tea, and segttered
alder and birch.

REMARK'S

Uccupies higher
area between
lakes. Density
hinders trang.
portation.

Young trees re-
Placed spruce
forest after
forest fires.
Cover is very
dense and foot
travel iga
difficult.

Travel in winter
eesier than in
mixed short
forest.

One of the more
accessible gect-~
ions with roads
and trails.

Good for winter
travel.

Steeper slopes
ahow sigus of
solifluction
and in plmces
bare bedrock ie

exposed.

-
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2. Foresat

largest part of the Big Delta Test Area.
A spruce forest, with a thick heath undergrowth, covers level &reas not
disturbed by fire. In a large area south of the Big Delta Airport, the
original spruce cover wes deatroyed by fire, but has been replaced by a
birch-aspen forest with a heath undergrowth(mixed short forest.) Both
the spruce and birech-aspen types of forest inhibit cross-country travel.

ﬂ

an-+ nﬁ1" ers t\n

- e . v

3. Mixed Scrub

Serub growths of slder, birch, aspen and willow with heath
undergrowth occupy parts of some lower areas where solls are poorly
~ drained. Travel in the mixed scrub areas is much easier, both in summer
and winter, than in the spruce and birch-aspen foreets because of the
wesk, scrubby form of growth of the various species.

4, BSedge-Tussock®

Grass~-like vegetation covers much of the wet, swampy lower
perts of the kame-kettle sections. It may occur as a. sedge-heath
weadow formation on old 1lske surfaces that have been Ffilled with peat,
or as a tussock formation where very wet conditions exiet. In both
formations mosquitoes and black flies are & great nuisance from May
through September.

5. Tundras

Tundra in this ares may be called "shrubby tundra" aes it
is composed of mosses and lichens as well as scattered sedges, heath
plants, and an occasioral emall wiilow, alder, or blsck spruce. This
vegetation predomimates at elevaticos above 2,000 feet in the southerr
part of the ares, and in the Alaska Range farther south.

#* Tugsock or humnock miskeg may be defined as clumps of peat topped by
sedge or other vegetation, interspersed with soft, wet clay.
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dee Wmwirner and Climste

&, Irtroduciion

For extremely long-range forecasts, the science of meteorology
has mot progresscd saough to provide religble progrostications of the .
Likely conditions of any one winter season. Climmtology attempte to
111! this gap through projections based on the historicel record. How-
ever, climtology cxpreases its findings in terms of the probability of
oecwrrence for spesific weather phenomena - a definite improvement on
chanes ocrurrente o he gure, but not nearly as reliable s predictive
device as the Jally wiather forecast. Test operators, therefore, are
maturally councernsd more with the actual weather forecast for the per-
iod they snd thelr egquipment will be present in the Fort Greely area.
Nevertheless, results of climetological siudies are used extensively
az & besis for scheduling tests, particularly thoee dependeat on low
tenmperature occurrence such as cold weather tests of sll types.

B. UDefining the Cold-Test Season

Army Regulation TO-38% outlinee thiree levels of low temperw-
ture for design galdance in the RDT&E of materiel. Theee are: six
conflnuous hours with an smbient air tempersture of -25°F (L4-6 feet
atove the ground) for the lower limit of "Intermediate Cold" con-
dftious; six coutinuous hours with an ambient air-temperature of -50°F
{aisc 4-6 fest above the ground) as the lower limit of "Cold"; and six
coutinuous hours with an ambient air temperature of -70°F as the lower
limit of "Fxireme Cold." It follows, therefore, that the three tem-
persture thresholds of concerp to this study have been set st -25°F for
Intermediate Cold, -50°F for Cold, and -TO°F for Extreme Cold. The :
Lretie Test Cemter utilizes the -25°F threshold in definition of a
"suitable" test day, as well ss a -40°F threshold. The latter iz used
primurily bYecause of the geperally infrequent occurrence of -50°F st -
Fort Geeely teai pites.

Pigure 3 shows the frequency of occurremce of -25°F, -LO°F, and
SSCOF meximin gcd minimon temperatures at Fort Greely for the years
1954 shrougt 1958, Ta cowpering the occurrences from year to year,
it will be noted that -25°F mipimum temperatures have beemn recorded
from exly iv November {0 rather late {n March. However, none of the
five winter mowths represented has a guaranteed occurrence of s -25°F
mivimum in acy one montk. Tndeed, ca the average, avout one winter
moznil in three doea not record a single -25°F mdpimum. The total
pumber of -25°F mimiwom deys ranged from & low of 13 dsys in the winter
of 195960, t¢ s high of 44 Auys during the winter of 1955-56. It >
sLo2ld be rememvered that lower temperatures than thoese recorded at

e, SRRy W L
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Furh Jreely can and do occur at other sites like Bolio lake and Butch
Teke withiu the test aree and therefore use of a -25°F mtnimum to de-
fine the euld test season at Fort Greely is Justifiable. Maximum
temperatures in the ordey of -50°F have nut been recorded at Fort
Greely during the period of recoxd.

Figure 4 shows the frequency of occurrence of days with a minimum
temperature of -25°F or lower for the same 15 winter seasone. This
graph indicates that saveral definitions of the test season are
possivie. Conaidering that the tempersture level in question 1s
yeacked in spells of several consecutive days each at Fort Greely aud
20u randomly by calemdar date, the moet obvicus definition derivable
is thet the ecold semson is limited to the pericd of days during which
the probeblility for experiencing a tempersture -25°F or lower on any
perticular day is at least ome in 15 (£.6T%). This would limit the test
sesscw to the period from Hovember 13th through March 18th. If one were
to substitute -LO°F for -25°F, and apply the same line of reasoning, the
test seasuz would be shortened to the pericd from November 22nd through
Mprch 15th. Xf one were to further stiffen requiremsmte and insist that
the chances for a -25°F temperature occurring sust be at least two in
15 or sny one date, then the principal test season would be confined to
the period from Novenber 22nd through January 2lst. However, there are
peveral short deteched periods with days on which the chancee for the
oncurcence of a -25°F tempersture are at lesst two in 15 in Februsry and
esxly March, the most significent of which is the period from the 10th
%o the 23rd of February.

Assuming that the test operator is willing to wwit an unspecified
mmber of daye for the occurrence of temperatures at or below -25°F at
sowt test slte in the Fort Greely ares, the test season can be defined
a8 the period from November 13th through March 18th. However, the
later in the season the test occurs (Pebrusry and March), the less
1ikely 15 the provability of emecuntering prolonged coid with waximim
auwd minimm temperatures of -25°F or lower (see Fig. 3), Furthermore,
the facreased insolatiocn of February end March is also producing & soiar
eat load on equipment which may bot be reflected in the ambient air
temperatures. Therefore, 1t is adviseble to utilige whetever oppor-
twalties arige for cold testing in middle to late Hovember in a heavily-
programmed ‘test seasom. :

. BSolar and Lupar Ylluminatfon

l. Goler Illumination

Figure 5 shows variatione in the mumber of hours of' dark-
neas, twllight, and sunlight per day by worth end meason throughout the
yeay. Very little need be said sxcept Lo point out that the sun 1# very
1ow over the southern horizon during wiater, thersby causing consider-
able glare from enow~covered surfuces. Glare 13 particularly effective

11
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as a regtriction to visibility when haze or ice fog is also present.

Twilight is long at bigh latitudas and provides useiul illumination for

the test operator since this periocd of the day is relatively glare-free.
The intemsity of illumination during twilight is comstanily changing as
the sun moves ever lower (or higher) in relation to the horizonm.

2. lunar Illusmipation

Table III lists moon phase dates for the years from 1971 :
through 1980. Full moon provides the beat illumination for test opera-
tiona. Nevertheless, sufficient moonlight to conduct tests and cbssrve
results 1s provided ss early as the Lth day precesding snd as late as
the 4th day followlng full moon. It 1s aleo possible to see enough to
negotiate most snow covered terrain even at half moon in the forested
interior of Alaska. It is important that the landscape be snow covered.
Clumps of forest in &n otherwise gnowy landscape detract from the total
reflecting effectivenesa of moonlight. Most Yukon-Tanana bush pillots
in Alaska feel that only during the two or three nights when the moon
is fullest is it reslly safe to land aircrsaft by moonlight. Moonlight
actuslly provides some advantages over sunlight because of the absence
of glare. BNorthern lights and star light sometimeg add conasiderably to
night illumination; however, they do not yleld the sharp shadows pro-

duced by mocnlight and are not predicteble much in advance of their
occurrence,

Table III dots not include moon rise and moon set information for
Fort Greely. However, because of the orbit of the moon reletive to the
axie of the earth, and the earth's orbit around the sun, the moon will
alweys be highest in the sky and be visible longest when it is tfullest
during the winter test season. The two weaks vhen the moon is complete-
ly above the horiion in midwinter at the North Pole are alec the tw
weeks vhen it 1s at its brighteat. At Fort Greely im winter, the moon
is highest in the sky at midnight on the date{s) of £ull moon. At noon,
the il moon will be just below the horison.

D. Veather During the Test Season

1. Frespsure Systems and Thelr Influence ou Interioxr
Klasks Voather.

It ia generally known that periods of stormy weather (cy-
clonic veathar) sltarmates with periods of clear weather (anti-cyelonic
veather), particularly in the middle and high latitudes and especially
during the colder half of the year. This is generally true of Alasks,
but interior sections - such as localities in the les of the Chugach

Mountains and the Alaska Range - are mch less stormy and snowy than
16
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TABLE 1IT
FPhases of the Moon - Winter Seasons

1971 ~ 1980
Rew Moon First Quarter Mall Hoon last Quarter
D B M D B M D B M D H M
a o 1 & O© i a o i a o 1
¥ u n ¥ u n Y u n ¥y u n
r n I u r u r u
t t t t
e e e e
7
Jan 26 22 55 Jan & oh 56 Jan 11 13 21 Jan 19 i8 09
Peb 25 09 h9 Feb 2 1% 32 Feb 10 07 kL2 Feb 18 12 14
Mar 26 19 24 Mar 4 02 o2 Mr 12 02 34 Mar 20 02 3
Oct 19 08 @O Oct 27 05 55 Oct 4 312 21 Oct 11 05 30
Bov 18 o01 46 Nov 25 16 37 Bov 2 21 21 Nov 9 20 52
Dec 17 19 03 Dec 25 01 36 Dec 2 07 U9 Dec 9 16 03
Dec 31 20 21
1972
Jan 16 10 sh Jen 23 09 29 Jan 30 10 59 Jan 8 13 32
Peb 15 00 29 Fet 21 17 21 Feb 29 03 13 Feb 7 11 212
Mr 15 11 K ») Mar 22 o2 13 Mar 29 20 06 Mar 8 07 o6
Cet T 08 o9 Oct 15 12 55 Oct 22 13 26 Oct 29 o4k U3
Fov € 01 21 Bov 1k 05 01 Fov 20 23 08 Fov 27 17 L5
Dee 5 20 g¢ Dee 13 i8 36 Dee 20 05 46 Deec 27 10 28
2973

Jan L4 15 k3 Jan 12 05 28 Jan 18 21 30 Jan 26 06 06
3

Feb 09 23 Feb 10 1k o6 Feb 17 10 o7 Feb 25 03 12
Mr 5 00 08 Mar 11 21 26 Mer 18 23 3y Mar 26 23 48
Oct 26 03 17 Oct 12 03 10 Oct 18 22 134
Yov 24 19 56 Nov 06 30 Nov 10 1k 23 Wov 1T 06 35
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New Moon First Quarter
P H XK D BE M
1974
Jan 23 11 03 Jan 1 18 o7 Jan
Feb 22 05 35 Jan 31 07 Lo Feb
Mar 23 21 25 Mar 1 18 03 My
Mar 1 01 45 Oct
Cet 15 12 25 Oct 23 01 514 Oct
Fov 14 00 53 ¥ov 21 22 Lo Fov
Dec 13 16 26 Dec 21 19 U Dec
975
Jar 12 10 21 Jan 20 15 15 Jan
Feh 11 05 18 Feb 19 07 Lo Fsb
Mar 12 23 18 Mar 20 20 o5 ar
Oct 5 03 23 Cet 12 01 16 Cet
Fov 3 13 o5 Fov 10 18 21 Eov
Dec 3 00 50 Dec 10 1% Lo Dec
1976
dan 1 14 Jan 9 12 ko Jan
Jan 31 06 21
Feb 29 23 26 Feb 8 10 06 Feb
Mar 30 17 08 Mar 9 O4 3P Mar
Oct 23 05 10 Oct 29 @@ 06 Oct
Nov 21 15 312 Nor 28 13 o0 Nov
Dec 21 02 0% Dec 28 OF L9 Dsc
2977
Jan 19 1k 212 Jan 27 05 12 Jan
Feb 18 03 38 Feb 26 02 51 Fob
Mar 19 18 33 Maxr 27 28 27 Yor
Oct 12 20 3N Oct 19 2123 bt Oct
¥ov 11 OT 10 Bov 17 21 53 Fov
Dec 10 17 U Dec 17 10 3§ Dec

18

TADLE III (cont'a)
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Few Moon

D BE M
1978
Jan 9 Ok O
Feb 7 14 56
Mr 9 02 137
Oct 2.06 k2
Oct 31 20 o7
¥ov 30 08 20
Dez 29 19 37
2979
Jan 28 06 20
Peb 26 16 b6
Mar 28 03 00
Oet 21 02 24
Bov 19 18 ok
Dac 19 08 ‘&4
1960
Jan 17 21 21
Feob 16 08 5
Mr 16 18 s7
Oct 9 & 51
Fov T 20 13
Dec T 1t 36
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exposed coastal aress to the south. Most Alaskan storms (cyclones) that
affect the minland are guided by upper air troughs (see Fig. &) which
usually travel from west to east at varying rates of speed., Most of the
precipitation and cloudy weether occur to the sast of the tyough and are
accomparied by southerly winds from the Facific Ocean or the Bering Sas.
High pressure ridges located to the west of the trough signal the
approach of clear cold air from the northwest. Under these copditions
the clear air and cloudless skies vermit cou=idepable heat ioss by rsdi-
stion and inversion {colder sir near the ground). This is the typicel
situation in which cold spells occur. The longest cold apells occur
vhen the trough moves very slowly or becomes semi-stationary to the east
of central Alaska. Noimmal or "average" wemther usually occurs during
periods of trenaition from one westher tpe to another and ig, therefore,
only an indication of change.

srage Weaths . Conditic

ne_on ey

Table IV shows avermge values for szlected elemsnts on days
when speciel veather situations predominate for the three mid-winter
months of the years 1964 to 1968. It will be noted that neither enowfall
nor spowcover smounta are very great, as is typical of most Aretic and
. sub-arctic locations. BSnouy weather is neither very cold nor very pro-
longed but does occuz fairly frequently. Cloudy skiey and moderately
strong wi is with a southerly component s typicel of smowy weather at
Fort Greely. .

Cloudy days are much moxe frequent than clear days and are genmerally
warmer. Wind velocities are higher, ou the average, during clear days
thar cloudy days, due to & number of factors inciluding down-valley sir
drainage and over-riding of the Arctic inversiorn by maritime air masses.

Fully or :=-fourth of all winter days are %oo warm for any kind of cold
weather tescing., Hoyever, scosplable cold~testing dmys ccomr ebout as
frequextly, sn’ generally, they occur in spells of several dsys each.
Furthermore, the ac .eptable cold-testing days usually lrve mmuy consecu-~
tive hours of lowered tempermtures sc that acceptable cold-soeking of
equipnent cen teke place. It should be remsmbered that the statistics oo
¢old cceurrence in Table IV xopresant the main weather station at Fi.
Gresly, and not available sites neaxby where temperstures on the average
are lower.

3. The_Stapiiity of the Diurmal Temperature Cycls.

Table V 1llusirates the stability of the diurnal temperzture
cycle at Pt. Greely during mid-winter (Jesuery). Ths méen temperature
difference between the warmest and coldest partsz or the day is only
3.3°F. Yore fegortsat, perhaps, are the large stendmd deviations of
tempersiure for each of the time divisicus given. Both the modsl class
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IDEALIZED, FREQUENTLY OCCURRING S00MB. FLOW PATTERN ASSCCIATED WITH THE
OCCURRENCE OF DEEP COLD IN CENTRAL ALASKA

[ = ow reessunt
|| = HIGH PRESSURE

- e = AX{S OF UPPER-AIR TROUGH

ARIATIOME ON TMIE PATIEON A8
PUALE AR WHLL AS BALICALLY DUFERINT HOW
PAYTSANS WHILH CAUKS THER COLD 1M CENTRAL -
ALASKA. THIE ONE 13 PROBABLY THE MOST PUROUENTLY
OLCUBING, HOWEVER
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Daya with Precip. of wore than a Trace

Total no. 8 Percentege or Moan precip. per L2
of Deys 88 Deys Studied 2 recip, day 2
s Iechos of Baoy)
Av. dax. Temp, 1.6
Av. Min, Temp. = A 4
Medinn Wind Direction iaomh)
Nean Wind Direction T% Southwest )
Aversge Fastest Mile $3.4 upk
Moax Sky Cover (10tma) Aﬂ
Av. no. of cousecutive dayz :
with Spowfall » Trace 1.7 deys
Oreaiest nusber of consscuiive
days vith enowfall z Trace
in cample paricd 4_oaye
FALLIRG 6BoW
Days with Precip. of Trace or More
Total no. Parcentege of ¥een precip. per
of Days 188 Deys Studied k reeip. day 6"
= Inches of Suow)
AV. hx. ﬁw. 3&.0'?
AV. mn. va - 03 i
Modian Vind Direction q}_%g' (8gE)
Mean Wiwd Direciice 260" (s6¥)
Aversge Fustest Mile i9.3 mph
¥ean Sky Cover (10ths) :

4v. X, of consecutive days

with Smowfall » Trace 2.8 dgys
Ureatest number of consecutive

days vith smowfall 7 Trace
in sample period 8 days
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Total no.
of Days

Total no.
of Days

Total no.
of Iuys

TARLE IV (Comt'd)

oL (ACCEEARLE coLD Teer)
Percentoge of B
12 Days Sisiled  26.6%

Av. 24 hr. temp. of such days

Meax: Wind Direction of such days

Meex: Wind Speed of such days

Av. Festest Mile of such days

Maan sky cover of such days

Av. No. of ccoasecutive days with
-25°F Min. or lower ,

Greatest Nc. of consscutive days
with «25°F or lower in ammple
period :

Lougest pariod of coutlinmuous
«25°F temp. in ssmple pariecd

Meen Min, Teup.
of Days studied

o (s
&

3.6 auvs

wﬁ.o‘r

16 daye
11 days or 26l hrs.

WO & WORDCHLLL
Days with Av. Wind Velocity of 20 Mph or More
93 Parcentage of Mican Wind Vel. - 2.9 mph :
Deys Studied ¢t Such Nays
A’v-mm-mmhw‘ --'
Av. 2k kr, Tewp. of such days L.TF
Prevailing Wind Direction i EER
Av. Fagtest Mlo 5.2 mpb
FLEAR DAYS |
Pays with Av. Cloud Cover of 3/10ths or less
Parcentage of Msay, Cloud Cover
122 Days Studied 29 of Such Days 1.3 teatLs
Av. Min. Temp on guch days -26.1°F
Moan Wind Speed . h
Av. Fastest Wind dnesd cc.5 mpn
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Total no.
of Days

Potal no.
of Days

Total no.
~ of Deys

TABLE IV (Cont'd)

JHA T_DAYE

E

Da sl &
Y

MEwm M.
W WS ML &

ip. of G‘F or

: Percentage of
106 vys Studied 25.2%

Av. 2k hr. texp. of such days

‘Av. Bo. of consecutive days with

Min. Temp. of O°F or above.
Greatust Ko. of consecutive days
vith min. temp. of O°F or

above in sample pariod
SHOW COYER
Daye with snow cover

Percentage of

Higher

Mesn Min. Temp.
on Such Davs 12.0°F

3.b2

-1 daye

k21 Days Studied 100, Mean Srowcover 9.9"

CLOUDY DaYs

Days with Av. Cloud Cover of 8/10tks or more

Porcentage of - Mean Cioud Cover

176 Days Studied b1.0%  of such days

Av. 2k br. Temp. of such deys

- Mean Wind Bpeed of such days

Av. No. of consscutive days with
cloud cover of 8/10ths or more
Greatest Mo, of cousacutive days
with cloud eover 8/10the or m=ors
in sample peiriod '
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TABLE V
DIURNAL TEMPERAXURE STATISTICE--RIG DEITA, JANIARY 1951-1960
Tim: of Obs. 60-02 03-05 06-08 09-11. 12-1k 15-17 18-20 21-23
Mean Temp (°F) 6.4 -6.5 -6.8 6.0 =-3.5 ~4.9 54 5.8
Btandaxd Dev. (°F) 18.38 18.37 18.k1 18.3¢ 17.22 217.75 18.21 18.42
Model Class (°F) 5°/6° 3°/4° -2°/-3° 3°/k* 5°/6* 1“/2° 1°/h* s5°/6°

Abs. Range of +3h +36 +34  +36 +34 +3 436 +36
Variation (°F) to to to to to to to to
-53 ~53 =51 _ =51 U5 =51 <51 =51

No. of Ous. 930 92y 930 929 930 930 93 929
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values as well as the range-of-variation data by division also emphasize
the fact that deep cold and mmusuel warmth can and do occur at amy hour.
It may be concluded, thersfors, that comtrol by air-mase sdvection is

moxe importast than the insgolatiom cycle in determining when cold spells

T Shemeatn WY W

Decambaxr data, in all probability, closely match the Jamusry data
for thue categories glwven. During February samd Mrurch, however, when days
a1t laugthening axd the sun is higher, greater diurnal differemces should
b¢ evidemt. Once aguin, these data underscore the fact that weather,
including cold-testing weather, occurs in spells.

4, Local Infiuesces on Atmospheric Conditions at Ft. Greely

Owing to small scale variations of woather induced by loesl
infiuences, test operators would be well advised to scour the countryside,
both withis and about Ft. Greely, for sites offering the best posaibilities
for satisfying the perticular set of envirommental test conditioms in
question. In certain instances, the difference between success and failure
in attaining given envirommental objectives, may be merely a mette. of
chooging Judicliosly betwean two sites & short distance apart. To help
the teast plavmer meke the right deciasiom, pertinemt informatiom on
iaflusuces affecting local weather at FPt. Greely is givea below.

n. Foebn Winds

When air is forced to flow through a nerrow mountain passage
such as Isabel Pass it is compressed, a'nd‘ a8 1t deccends into the
valley beyond;, it warms at the rate of 5F for eech 1,000 feet of
descent. This warmer air flows down walley from the pass acccqan!.ed
by gusty windg. Locally this flow of warm air is known as the "Chinook".
This edges of the descending warnm alr mess sre generally sharply defined,
80 that ome can sctuslly drive back and ferth scross the boundary amd
axperiense abrupt changes in tempersturs; wind veloelty, and gustiness,
as well as wind divection. OCbviously for cold testing purposes of the cold
808k variety, the cecurremce of the Chinook reduces the 1ikelihond of
very low taaperatuiws evem though dangerously high wind chill v=luss
can occur in agsocixtion with this type of fiow.®

Mejoxr low preasurs storms located south or west of camtral
Alaska are bighly indicative of comditioms favorable for the development
of Chimcok winds. These storm cells must occur in association with &
high pressure cemter positicmed over northery or eastern Alsnks causing
a tighteped pressure gradiemt over Big Delta. In gerersl, a 3mb

Sfitchell, J.M., Stropg Surfece wizds ab Big Delta, Alaska--An Emasple of
Crograpbic Iafluence om Local Weather, Mo. Wea. Rev. 84: p. 19
(Jaz 1956) - -
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pressure difference between Northway and Big Delta suffices to predict
somaencenant of ESE winds of 20 mph or more. The more sourtherly the
bigh winds at Big Neltz, the grsester the probability that they will be
accompenied by a fosnn-wall cloud formation over the mountains of the
Alaska Range to the south. Owing to the unusual develoyment and move-
nent of pressure systoms in Alaska, amd the exact oriemtation of the
powntain nana to the scuth, the werm chimock current generally oves ocul
into the Tanana Plain st a point west of Big Delts, rather thap at Big
Dalta itszelf. The Chinook not only advects heat into the Ft. Greely
ares, but it also destroys the normal Arctic temperauture invers.oms to
further raise temperatures at ground level.

b. Temperature Changes with Increasing Elevation

¥ost people are familiar with the fact that the higher the
surface elevation, the colder ome's enviromment urtil finally the smow-
line 18 reached. On an amnual basis this drop in temperature, computed
for the world in general, averages 3.6F° per 1000 feet of elevation in-
creage (normel lapse rate). The vegetational changes on both the Alaske
Range anéd Donnelly Doms are reflections of the effects of this temmera-
ture decline. As has been pointed out however, it is possible for
warmer alr to override cooler air, csusing a reversal of the normal
decline of temperature with increasing elevation. Two of the most
important causal facters for this type of anomaly in the F't. Greely area

are cold air drainage and the Arctic inversion.

s Cold Atr Prainage

During the long Arctic nights enormous amounts of demge cold
alr collect im the interior valleys such as the Tanana. This cold air
may have boen advected from the north, im conjunction with an outbreak
of Arctic eir, generated in place through radiation, or accumlated
through local dowazlope flow from adjacemt uplanis. In any case, this
denser snd colder air temds to accumulste to depths from several hundred
t0 2 thousend and more reet ywherever the cambimation of topographky aud
pressure gradiemts permit. This means that during prolonged periods of
calm clear weather, perticularly those preceded by snowfall, it ie not
unusual for cold alir tn accumilate in lowlands apd valleys to depths
capeble of sugtaining s temperature inversion as much as 20F° from the
base to the top of a hill such as Donnelly Dome. Even on the flat inter-
fluvial surfaces such as the pites of Sig Delta/Ft. Greely, cold eir mey
drain into the riverine lowlauds, leaving the site 10 to 15F° wermer than
the adjacent river flats. -
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This phenoméenon of alr drainage sometimes creates a mcticeable
brezze during times of deep ccld and is responaiblzs for an incresase in
local wind chill values, especially on the slopes adjacernf to river
flats. This same phemomemon will cremie a gemtle down-~valley breeze
which can become quite strong in canstricted sections cf the valley where
hills or bluffs tend to pinch out or dam the flow of air.®

2. Toe arctic Inversion

Because gurface inversions exist in meiyy armas much o the
time, they tend to cause varmer alr moving into the region to glide over
the cold dense air trapped in the lowland pockets, leaving the colder
air undisturbed to levels as high as 2 kms. This semi-permanent winter
phenomenon 18 termed the Arctic imversion. At protected inland eites
such as Fairbanks the Arctic inversion depresses surZace temeratures
to levels about 5 to 10F°® below the normals for comparably loceted but
invercion-free sites. This means then, that gradually warming tempera-
tures will normelly be encountered as cne moves upslope on hillsides
from lowland locations within interior Alaska.

c. Wind as_a low Tempersture Deterrent

In addition to the gusty winds associated with the
waoming Chinook, winde blowing out of mejor storm centers also exert
disruptive effects on conditions that breed extremely cold weatker in
the Ft. Greely area. In such situstions, destruction of the inversion
layer itself is the principal} reason for the termination of cold weathe..
As staied sarlier cold air tends to accwmlate in pockets and valleys
and warmer advecting air tends teo override the colder air. But this is
80 only irf the edvection of warmer alr is rather gentle with resulting
laminar flow. Btrong vinde assoclated with the passage of a mejor ztorm
coning off the ocean genérate a great deal of mechanical turbulexnce in
the air, the resulit of the air moving rapldly past such terrein festures
as Domnelly Dome or (Graniie Mountain. This turbulent ai: is characterized
by many horizontal awd vsrtical eddies  Ths scouriug =ction of ths eddies
11fss the cold air lying close {o the surface and mixes it with the
varmer alr above. At the same time varmer al: gradually replsces the
cold air that has beon forcad aloft, so that the warmest air is poeitiioned
next to and immediately above the surface. A narrow steep-sided cenyon
would tend to be relatively free from this action, especially if it
happened to be oriented at right engles tc the air flow. This 1g one
reason why Snag (Yukon Territory, Cananda) 18 one of the coldest stations

¥Ehrifch, A. Note on Local Winds Hear Big Delta, Alsska, Bull, Amer.
Metecr Soc. 3: 181-82 (Apr. 1953)
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1o Rorth America, Northway in Alaska is more exposed than Snag, but still
wgperlaaryg 4 much hlgher fregqusacy of westher comdlsisas sultabls for cold
et lag than does Ft. Gresiy.®

d. Wind Chill

Wind chiil 1a & slgnificant smvlronwesstal factor to he

masgired during the testing of clothing and all types of sheltsr that
- mzet Le heated to mefatain comfortable ide toemperaturss. Wind chlil,
of course, is that part of the total cooling of a body or objent caused by
+the motlon of alr. It 12 expressed as the loss cof hest in kilogram
dalories per hour per squave mster of exposad surface and 1s based ox the
enaliag rate of s body in the shade. The measurement and expression of
wind chill will be takex up in e later sectlon. FPhysiologleally it
aceowats for up to 80 pawcaut of the total body heat loss; other avenues
of heat losgs such as evaporabion account for mogt of the remsinder. Some
of the higbest wind spe2is on rec:rd for Alaska have béem caperimuced at
Fr. Graely.  Becauss of lia locatlon in a long valley leewaxd of a
muwtain pass 1t 1s in the path of rapldly moving slr from the pass where
compaction hes acceleratsd the air flow. Although strong winds constitute
8 hezaird to maxny tesls, they benefit others such as wind chill tests which
caunot be comiucted without air in motion.

Based upon wintar data for 1961«1968, Ft. Greely has a mean January
wind chill velue of 1450, FEormally, monthly values of wind chill are
Lighest in Jaruary, but in certaln years values as high or higher are
»eporsed for December. However, because there is a marked temdency for
the lowest temparatures to be acocmpanied by the lowest wind velocitles
asl the highest wiater temperatures to be accompanied by relatively high wind
velocities, meax mopthly wind c¢hill values tell little sbout possible
extrenss of wixdchill., Figuvs 7 shows the daily wind chill values at Ft.
Girealy for T91L winter days from 1l January 1961 through 29 February 1963.
The dally record yleids far more Informetion about wind chill variability
thar does the record of mean momthly values. For exsmple, the conclusions
stated below were arrived at through study of the daily records.

1) 0f all wind chill velues greater than 1700 kg.
cal./me/hr., 58.8% occurred in January, 23.7% in
Decemter, and oxly 17.5% in February.

2) Of al! wind chill velues greater than 170C, not one
suwh dally computation was made for January 1968,
indicating high veriability from yeer to ye=r,

oring every January, from 1945 through 1962, Northwey reglstersd more
«=5°8 ~nld hours than aid Pig Delta, with the average Jamuary showirg
224% wore Wours below thils testlag threshold than 1s experieumced at Big
Iwitm, ' .
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3) Thae tighest wind cnfil velae compubsi for suy day i:'.n
1,,4.-» wlght year perivd of ghutv was a relativeiy modes
wesd Pre v Decambor 5964, Vuls walus Loas o A,mmpu.rr.
favprasyy with extedsmes wcam.hen Lo Aolerceblezn, Norbh
Captoal Caneda, or Gresalad.

L) g Fosi x:»t of 81l January da8 reglatersd wind okl
s s 900 \]liﬂu hwmw "ookd"), At J0% ware
Aoy LR, the "duogreous” Gewmel.  Thle mewss vash 0%
ef adl dslly vaiuss Dop .Ta.uus.z’y faid bebwess Yox) and

1900 kg sal./nf /oy,

The highest Ialir and mewn Jarusey wi m (,u_ iorsider obtaloed lie Alaska
were compatsd Por shallucs aliung i Avebis Clest (L.2., Barroy, Bgviwr
Isiland). Comparani« filgures for B, dosely .a.m avt oesyly By exl.cems, yet
the wind ohiil facior I8 lrbense saough to moet the mizimm requiremsahse
for most tests, I assey, high desgrees of wisd chill can be lueduced
either vy way of a weatiuis drless ruplily theouagh cold avr or via the
comtroiisd envirsmmae of a tsst chadber.

&, OQuearl: Lofivemcss and Sposy

i
R s

The foaeireion o0 myisine alr messes from ke opws Pacific
Ocean also exerts a profound fufiuvence on weather comditions at P, Oreely.
For ewample, wheneesr there is a strong awd protracted wealerly flow of
elr up the Tanana Vel:iey from the Bering Ses, swow (or main) wiil ocour
at Fr, Greely. Trls precipltation 1s inwveslebiy charscterized as ight
or very light. Nevertheless, swowfall freguapdly mesgures & to 16 fashes
per storm. The synoptic westher situsilovs which glve rise ty wesharly
Tlow are ruther lomg-iived and the avérage suowsborm lashs about thres
days. '

Sixvwe prasticel iy ail of the prs toltubion fu the Fo, Graely aves 1s
at Jzost partly due he orograshic 13fting by bills snd mountalns, the
surrounding terrain largely determines the paiters of sacwfelli. The
spowfall at Ft. Greely iz vapresentative of thy swrrounding plaia, bui
not &t all of the nearby helgite whers the £511 is wmich beaviar, Typloal
of the heavy upland suows 18 thet received st the Kiack Rapids Traising
Site of the Avmy’s Beotivwrz Warfore Pralntag Cewer.  Heve, o Bl st «~'-'ly

flow of molst alv i compresssd by bhe werrow Black Baplis Usiryom &l
ﬁﬁl’vwm up The moleiom: a% o repld mwhbe. Eyen wher the fiow Lz aozbbherly,
Black Rapids often cseeiyae suow when Ft. dosely doss pob @

At 8 result of windl sciion or the llgivt swrw of the i, (revly areas,
AomE opre areas vamedo vesrly clear of st theughat, the wliher, I
forestad aréus, mowiver, suoa forms a lashlug cover thal wdecgreas Tiitle

Bvens, O R, The, “A Wozbh we Bonk - A Lorad Foracast Study for Bilg Delts,
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loss from either wind or evaporation. Because the snow is so light and
fine, a water-equivalent of 20 ianches of snow to one inch of water is a
reasonsbly accurate snow-to-water comversion ratio.

Some interesting and potentially useful facts about snow and snowfall
at Ft. Greely are summerized as follows:#

1. The most likely hours for snow to fall during mid-winter
at Ft. Greely are the early morning hours (0300 to 0800).
Rarely is rain, drlzzle, or freezing raln experienced in
mid-winter.

2. During the three mid-winter months, visibility will be
reduced to less than one mile because of falllng precipi-
tation less than one-half of cne percent of the time.

3. Snow falls on an average of 8.1 days during January, the
snowlest month, with total fall averaging 7.2 inches. The
average per month anow fall for the months of Novamber,
Dezamber, and February is between three and fcour inches.

k. During a tem-year period (19%6-1955 imclusive) only one
snowfell greater than 6.4 inches was recorded in a 24-hour
rerlod and this was less than 10.5 *uches. Only T% of all
.Taaz:ua.ry snowfalls involved amountz equal to or greater thep
1.4 inches.

5. Never during a 1l0-year period has the depth of sncw on the
ground exceeded 36 inches. January, snow depths
reglster betwean 7 and 12 inches (mean and modal class)

43% of the time. Depths of 2 inches or less prevail 164
of the time on the average from December through February.

£f. Ice Fog and Other Restrictions to Visibility

Fog and blowing snow are common causes for reduced visibilities
in the Ft. Greely area.®® Approximately 90% of the blowing snow moves in
the lowest two meters of the atmosphere. In most situations, therefore,
horizontal visibility improves at levels above the blowlng snow. Since
the snow at Ft. Qreely is soc 1dight end fine, oyen light wiands will produce
blowing snow.

*ata taken from. Air Weather Service, Uniform Summary of Surface Weather
Observations Perte A and B, Blg Delta, Alaska CAA July 194kL-June 1955.

*ce fog was recorded as a restriecticn to vieibility on 347 occasions during

18 Januaries from J945 through i962, or about 23% of all hours, DBlowing
snow ig the sezond most frequent restriction to visibility, recorded 50

iimes durlng the same period.
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"Whiteouts" cccur drring the most severe ins.ances of fog and/or
blowing snow. In these gituatione. light reflect=nce bhatwssam The snow
cover and hydrometeirs ik 60 lnbanse that 2o shaedows appear and visual
references are obacured; consequently one insse depth perception and all
senge of orieataticn. During these times, surface and air traffic either
comes to a bult or ie serersly impaived. aAriificial illuminstion is in-
affective during, whitsouts because of the refliactance factor.

Fogs. Three typss of fog can bé emcountered during the cold weather
test seagon. They are: i) warm fog conmslsting of water droplets suspended
in the atmosphere at temperatures above 3L°F., 2) supercooled (e¢old) fog
consisting of liquid dropleta suspended ilu the alr at tempsratures balow
R°F, and 3) fes fog coesisting of minute slirborne ice particles.

Warm fog 1s extramely rare Juring the cold weather testing seasom.

Cold or “supercoolsd" fog cocurs whes the alr temperature is between
+32°F snd approximgtely -30°F. This fog caz be dispellsd either by dry ce
seeding frouw aiicraft or by ypropans séetimg Tfrom ground-based dispensers.

During periods of supercooled fog, boarfrost or rime is likely to
accumlate on exposed surfaces. If wind is present, the accumiatiom can
be sufficient to break aptéamas end powsr lines.

Ize fog not ouly is the most frequemi obstrucvion to visibility in
the winter season, but is slso the most significant because of its simml-
taneity with cold testing temperaturer. It comsists of microscopic ice
crystals which form around smoke particles gemerated by burning coal and
oil and the firing of heavy weapons. Iece fog is a particularly aggraveting

_phenomenon from the point of view of test achedulimg because the probability
of its formation increases rapidly at teamperatures from -25°F to -U5°F,
limits that also closely describe the most favorable conditions for cold
testing. Certaln tests are atteaded by ice fog formatioms of the teste’
owa makiug- For exemple, the firiung of am artillery piece can provide the
catalyst needed to trigger the deveiopment of a small cloud of ice fog that
momentarily epgulfs the firing position. Viaibility limproves shortly
thereafter as the scourin; action of wind cguses the shroud of ics fog to
arift to the leewmrd. To reducs the risk of precipitating ice fog by
mechenical means, all rumwing vehlcles, gauerstors, and moisturas emitting
equipment should be moved away from the test erea. The test operatizr cen
further reduce the chances of fog obscurution by pesltioning bis weapons
or vehicles sc that the wind caw carry the ice po"2118s away frvm the
desired lines of aight. A blower system shoul¢ be proviaed 1f it is
absolutsly neczessary to remove the ice fog that emgulfs the teat site.
Although f¢= fug is usually m-lnduc@dg spontanesus ize fog crystal form-
ation occurs maturally at about the -4O°F threshold.

Othar restriztious to visitility which cax occur at £t. Greely in the
winter are hazs aui biowl:g dust durdiag very dry wintars.
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I, Climatography of the Ft, Greeiy Test Area.
A. Introduction

Climatography can be defined as the gecoraphy of climaie,--in This
rase, the geography of climate of the Ft. Greely area. Cold temperature
ozaurrence as well as ~—ecipitation and wind patterns have substantial meso-
scale variation in a mountain and plains reglon such as the middle and
upper Tanana Valley. Because of this varisbility, it oftem is possible
to f£ind desirable combinations of atmospheric conditions at sites within
the local area to conduct tests that otherwise would have to be moved
significant distances to other sites. This section will attempt to pre-
dict the variation from plsce to plsce ix the occarrence rates of these
phenomens for several typlcal synoptic situations. The basis for these
predictions is a set of mesoclimatic temperature measurements taken at
24 gites over a three-year period. Figure 8 shows the location of these
gites in the Ft. (reely area.

B. Aresl rature Patterns Wintexr Cold is.,

Pigures O and 10 indlcate that the distribution of temperatures
is largely a reflection of the extemt and distribution of the major terrain
features of the region, with lower elevations generally cclder than highex
elewations. Figure 9 shows departure from the miniwmum temperacure et the
‘main weather statlion located at the airport (FAA Station) when the minime
were below ~4O°F. Minimum temperatures were usad to portray the depertures
rather than simltaneous temperstures resd from thermographs because, at the
low temperatures invelved, it frequently happened thei the thermograph
closks failed to operate properly. Ten cold spells were used as a basis
for preparing this mwap. In no case did the maan very from the median by
more thau 2 F®. As can be seen, the Delta River lowland, Bolio Leke, and
Butch lake sites normelly bave mirimum temperatures 10 to 15 F* lowex than
those Pfor the FAA station Quring the very cold perlods. ERigher elevailon:,
however, were gemerally 10 to 15 F* warmer. Figure 10 shows normal
varistiop in the temperature field under ccnditilons of clear akies, light
winds, and FAA station tempersture between -11°F and -20°F. This wmap, from
Evang, differs from the pra:eding map in tbat it shows median differences
rather then megn differences, based on simultaneous values at all sites.
During these perlods, temperaiure differences gt levels both above and
below the FAA station are greagter than durlng the very cold spells.

Warm “spots” apd cold "spcts” appear in arreys om both maps with the
cold spcts assoclated with low-lying aress like Bolio Lake, Buteh lake,
and th¢ river flats, and the wnrm spots with domes, hills, rises, and
mountaius (Donnelly Dome and Granite Mountain). The advisability of
camping cn higher places during the Arctic winter and the inadvieabllity
of conducting cold soak tests on the rises should be aspparent. The air
above the c¢old spots is characterized by a rise in temperature of about
1 F° for eszh 50 foot increase in elevation as measured along odjacent
slopes. This rate doss not necessarily hold for all slopes however,
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because of special netterns of air drsinags associated vith each lowland
rocket.

There are very large expanses of "normel” areas, i.e., areas for
which the temperatures at Ft. Greely iiself are representative during cold
spells. Year to year variability in the occurrence rates cof low tempera-
tures is mort noticeable in thess areas. Neverthsless, the occurrence
rates of adequately low temperetures within these “cold spots" do not meet
the needs for cold soek tests at Ft. Grealy in some years. It is still
"weather' ag generated by the passage of cyclonic storms that determines
the occurrence of "cold spells” through coutrolling effects exerted on
the davelopment, strength, and persistence of the Arctic inversion. Local
winds of eyeclonic origin having negative effects on the Arctic inversion
are discussed in the following section emtitled "wind patterns”.

C. Wind Patierns

Pigure 11 shows a pattern of wind flow that is highly character-
istic of the Ft. Greely area during the winter season. Frequent winter
storme in the Gulf of Alaska are the prime cause for this low pattern.
While in the Gulf,the storms temnd to cause easterly or southerly surface
winds in the interior of Alaska. TYet, even wvhen the isobaric oriemtatior
would dictate a southerly flow at Ft. Greely, the wind will blow porsistemtly
from the east because of lowered pressures at Big Delta and the orientation
of the Alasks Range. In many such instances wvhem winds blow from the
east at M. Greely, a southerly wind is indicated for Isabel Pass. However,
because of the oriemtation of the pass and the force of the easterly flow
through the Tanana Yallsy, the wermer southsrly current misses Ft. Greely.
Msanwhile, the high Orsnite Mountains séem to concentrate the colder
eastorly current and deflect it into & narrow stream vhich pesses directly
over Ft. Greely. According to Eharlich, this stream varies in width, but
it 18 knowm 40 be two mlies or lesa in width 22 i% paszss over tha
Tahana Plains towards Nenana. Winds to the leevard of Donnelly Dome and
CGrapite Mountain are highly unpredictable during these periods becaute of
the convergence of the two streams of alr, and because vertical and
horizontal turbulemce 18 induced by the twe mountain features.

Figure 12 shows the distribution of wind spoeds and directions at
Ft. Greely for the winter months. During this ceason winds from the cast-
southeast, the prevalling direction, persist 364 of the time. Westerly
or northueaterls flow call Us induced bowever, &t times vher the slope of
the isobaric gradient is from the west. This wind pettern is established
wvhenever a low-presgsure trough initially ceptered in the Guif of Alaska
moves eastward to an inland position just east of Ft. Crealy. Immsdlately
after the stoim center pusses Ft. Greely, the winds suddenly slecken and
shift to the west or northwest. Whem this situation develops, the mountains
viich formerly channeled the easterly flow down siope through the Tunana
Valley towards Ft. Greely now have less influence becsuse of tbe upslope
motion of the air, the weaker (but reversed) pressure gradient, and less
effective containment of the air within the higher mountain valleys.
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D. Patherns of Suow Accumulation.

Tha gm)or Pactors which cause spnow ia the Ft. Greely ar i have
bz Aigcassed In a préavious ssctlow. Unlike tanpara.tm data vhich are
vallable i quantity for variosus sites throughout the Qrecly axes
swyw dats are extrsurely scarce for sites nther than Fb Greely it;ae]f
‘Fn;~tuxn-=ztely, the omnly faczet of snmow cover that need he stressed here is
¢-= +ar aﬁmby for sgw tc accumilate to greater depths in forested and

f..‘*".B.AS@ tfm snow 18 usually light, 1t drifte easily, accumlating in
places to the leeward of wind barriers such s houses, vehicles, and
pmrmriwg terrain festures. The drifts behind such brekes can be
sutgtantial . This characteristi~ of snow should be taken into account
wnen positisaing vehiries and other equipment for tests.

-.\,,
L n

tompacison of the Climate of F. Greely with Other Possible Test
Loswrims in Iaterioy Alaska.

A Toroduetion

The current l-wer limits of "Cold” and"Bxtreme Cold” as specified
i AR T0-38 awa ~S0°F apd -70°F. The requirement for six contimuous hours
ng ~TC'F a3 the desiur 1imit of Exvrem: Cold has rarely beer met in Alaska,
axdl It is8 not resaonmable to expect this requiremsnt to be satiafied on a
regular busis anywhere withia tne test area.® The ambient air temperature
of 5U7R for six hours ae the lower limit of Cold conditions ir experienced
over a wide variety of locations in interior Alaska, including Ft. Greely.
It 15 appropriate, therefore, tnat as much field teiting of materiel
Irglgnei for cold weather uge te gocomplished ab or near this temperature
sr ig possible. The compariscns ia this section ere maede to demonstrate
the Aifferences in t'w frequency of occurrence of days with selected low

temperatures ar1 days with tempazatures aborve freezing at poteniial as well
ags artusl testing sites.

k. Ksteorclogical Station Comperisons.

Of the 8 atisas compared in Table VI, Big Delte, Richardson,
and ¥iack Paplis show the lowest frequencies of -40°F ani lower tempera-
turss, Thy ms thywe s atlims, whiczh migh?. best be described as the
vermest gtitions, are locatel either within the confines of Ft. Greely

i1se:? as 18 the Bi; Delta station, or cloge by without, sz are Richardsca
and Ri .k bapdids, Tis mesc-8c3ale® varistlosr of low temperature occurrence
b

RiZ Delta an ovher sites within Ft. Greely has already been
discud - 1 ~a Sectiop ICT. It should be remembered howe rex, that both
soider »i warmer slives can be found nearby.

wor ghnid he nonad that e low temperscure of -TO°F was recorded at Tok on
v 82 #851ve days - 12 and 14 Dec., 1964. Bowever, the data are in-

a1 1a7t to dsterxine whether this low lev:i of temperature prevalled
P osix cooririyas hours or wot.
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TABLE VI: INCIDENCC /3F TEST-CRITICAL TEMPERA' RES DUE ".(
FOR SELECTED STATIONS « INTERI:

4PEOBABILITY FOR INCURRING MAX- % ROBABI. VM
PERIOD OF IMUM AND MINIMUM TEMPERATURE:S I! M AND o
STATION LOCATION RECORD BELOW AND ABOVE DESIGNATED VALUES Bl .0k AND .. .G
ON ANY WINTER DAY. Of ONE OR 11 RE|
M( (TH.

S=40°F { S-50°F| <-60°F | 2 +32°F

N

4eoF | =

MAX MIN |MAX MIN| "AX MIK |MAX MK | MW . MIN|M - B

ALLAKAKET 66°34'N 1935-1954 ® 321 x 171 * 51 * 0 4 951 7
152°44'W

FORT YUKON 66°35"'N 1935-1954 8 28 | 4 15] 0,5 5}l0.5 0 2 92|
145°18'W

NORTHWAY 62°58'N 1942-1954 5 2071 11f O 2 2 0 g 67} 2:
141°58'W

FAIRBANKS 64°58"N 1935-1954 3 12 10.5 4 0 oy 7 0.1 iy 63y 7
147°€2'w

BIG DELTA 64°00'N 1942-1954 0.6 11 0.1 3 0 0.68 9 0.6 i 6l 3
145°44°W

RICHARDSON 64°17'N 1935-1942 1 7 0 1 0 o015 0.8 1, 57 C
146°22'W

BLACK RAPIDS 63°32'N 1935-1942 0 0.7 G o 0 0134 2 ;17 G
145°51'W

*Data Incomplete




ST-CRITICAL TEMPERALURES DURING WINTER (DEC., JAN,., FEB.)

. SELECTED STATIONS OF INTERIOR ALASKA

)
/j

a

by

URRING MAX- % PROBABILITY FOR INCURRING MAX- % PLOBABILITY FOR INCURRING MAX- ﬁ
‘DERATURES IMUM AND MINIMUM TEMPERATURES IMUM AND MINTMUM TEMPERATURES '
SGNATED VALUES BELOW AND ABOVE DESIGNATED VALUES BELOW AND ABOVE DESIGNATED VALUES |
ON ONE OR MORE DAYS OF ANY WINTER ON ONE OR MORE DAYS OF ANY WINTER
MONTH. SEASON.
—
-60°F | 2 +32°F < —40°F | £ -50°F | £ -60°F |2 +32°F Y} £ -40°F | £ -50°F [£-60°F |=> +22°F
X MIN | MAX MIN MAX MIN { MAX MIN | MAX MIN [MAX MIN {{ MAX MIN | MAX MIN |MAX MIN |MAX MIN
5] = 0 ¥ 95| * 79| % 27 | 4 0 * 100 * 100 | * 68| * 0O
5 5{0.5 0 38 9223 65| 6 33 |13 100} 6 94| 17 81| 17 ©
I
21 2 0 36 67122 47 0 19 |17 92 | 42 67 0 33|50 O
o 7 9.1 18 63| 7 261 0 0 | 56 83| 16 58 0 0] 9511
y 0.6] 4 0.6 8 61 3 25] 0O 3 |58 83 8 50 0 8] 8325
0li5 0.8 10 571 ¢ 5 0 0| 86 100 0 14 0 0 |100 43
) 013 2 0 171 0 o 0 0 ! 89 17 0 0 0 o |1c0 83 l
— ] 4
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Black Rapids, the warmest of the seven locations, is lozated just
south of several of Ft. Greely‘s courses axd raages and is tha sivs oF
the Northern Warfare Traluniag Center. Xt is repraseatative of e arss
down valley from Isabel Pass where temperatures are frejuently moleraied
by the warm winds of the chinonk. Courses like Donnelly Loop and rangss
like A.D. Range and Field Firing Range arz alss iaflusnced by chinook wiuds
as they descend the Delta River Valley.

Richardson, lorated immediately dowesbresm from B, Gresly/5ig
Delta in the Tanana Valley is representative of many sites within th=
northwestern confines of Ft. Greely and neighbari:g districis. F% is
somewhat warmer than Big Delis becauss it is slightly oore expossi o
the warming effects of the w1nds Hhat sometimes suwﬁp ey the arsas.
(see Figure 11).

Fairbanks is located 105 mliles down valley from Rig Delta/Ft.
Greely and is considered representative of the ayea immediabely swrrouni-
ing Fort Walnwright. Facilities avallsble at Fort waiawriuht ars
sometimes used for cold weather testiag purpsses, Teble VI 3 :oww that
Fgirbanks experiences deep cold quite often and is léss susceptisis 1o
the warming influences of the Chincok winds than is Big Delta.

} .
Northwey, in its position upatrﬁam Trom Ft. Gresly within the
Tanans Valley, lies Jjust beyond the effective rangs of the warming dowe-
slope winds from Isabel Pass, Northyay ia somethes used as a s;fe

than at Ft. Greely. The peruent occurrancv Cof hc a&d lawwx fam*ﬁxv»
tures is higher than at Ft. Greely and Ft. Wainwvfgh but even so,
probabilities for occurrence on any one winter day arn shiLl velatively
low. «

Ft. Yukon and Allgksket are both located within the Aretic Circle
on major rivers in lowland pockets of interlor Alssks. 3Both sites are
significantly colder than Ft. Greely in winter and represent a potendisi
cold weather testing resource for the Arctic T°s+ Center. However, a
special study should be made to determine the "bast" site; such a studs
should consider environmental factors other than low tempergtures, .L
include cost evaluations. Neither site is well sexved uv highways SAgH
the Elliot and Steese! Highways out of Foirbanmks have hean ompl@%._
portions of the way toward both.

The last two colums of each sectlon of Teble VI show pv“adtilihi@s
for above freezing temperatures during wiziesr for esgek of the swma_ sta.
tions studied. Siuce!these periods of thaw can begin suddenly, vir
time of onset coinﬁiiing wvith the arrival of the Chimook winds, Tn#y
produce g kind of natural temperature shock, if cosurring during test3,
that can effect materiel deleteriously. In additicm, courses and rusds
become impassable, lubricants must be chaugsd in vehisles, and f*ﬂ& stuYes
thaw, to mentlon a few resultant problems that must be comte=nded with.
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This system not o rotects the materiai from the dAxifting snow,
B 8Y P ;

but slso provides easy access from the raaz. _»'3:»..*. ) :.':'31:5:.;;.9,1‘:.1-:&.3*.-&3
effective for a period of about 14 monbhs abt Tamp Ceuthugy, CGrasuleisl.

The second method irvolves storage im a sivgle compsch piis, hi?
profile of which should be kept lJow and &s €vep &8 pnssi':-x.'e, Berk sorzeam
¥ the storage pille shouid be marked with e bambroo pols. Srilting saow
wiil soon £ill in the interspaces hetween wnlts of the plie sxd form
banks against the outer sides; however, acsumudations will not get
higher than the highest box or crete. Very lsrge boxes may b sior&
singly and will be scoured clean Lor a wkile, ot they showsd b wl
when the snow begins to pilz up around tke sides.

L]
(4]
Cu

5. Use of Snow Fences.

, Some problems associstel with drifticg snow can be =Qlsvishasd
by the proper use of snow fences, of which there gre thwrze basis hypes:

- collectors, which brake the winds tc speeds incepable of sastainisng ths
{ snow particles aloft; leaders, which change the direction of the

drifting snow and cause it to be blown past ths okhjert to be protectai;
and blowers, which cause the windspeed to inmcreasse cver a specified ares
i and thus keep it blown cleer of snow.

~ The type of fence needed will depend upor its prcposel use sizce me

i two drift problems are exactly the same. However, during the past 150

| years, many aspects of snow drifting have besn studied aud vericus

techniques for fencing tried. As a result standard methods for instailizg

{ fences have evolved. Such messures are commozly empioyed in the protestion

i of highways and railroads, particularly in arzas having sesmsonal snow
covers. !

i Thegf_most commonly used snow fence is the verticslly-slatted; woode-and-
wire type which comes in lengths of 5C or 100 feet, and in heights of 18 s
48 inches. It has a density ration (30lid srea) of about 42%. It should be
' erected on steel posts along a line at right angles to the snow=bearing wind
with its bottom raised for maximum catch about 6-10 inmches above the grouns
surface.. It should be positioned 150 to 200 feet upwind of the srea to be

protected (see Figure 12 for prevailing wind petierns). The fence posts
should be erected before the ground freezes in tae fail,

50114 "V" deflector-type fences, simllar to those észcribed fur storsgs
protection, can be used to keep suow out of trenches apd entrance remps.
As the spow accumilates, additionsl piywood can be addsd to incresse bhe
" height of the fence. '

If plywood is not avallable, such msteriais as srow blacks, emphy oil
drums, or lumber can be used to ilmproviss wvarious forms of protectlin.
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6. Uge of Smow Remowal Equipment

I

1 N mghhar wiat pravsabive meamones oot baks:, sy #uiil
,teﬂdo to sceumlsts Lz exifiecgl places. To TeMYe 5l acoTLASL: bot- )8
;smw removal equipmest should be avallablie for immediatz use. Irotably
Hhe mnsi: usefnl place of ani.;pm‘m'i' for smali scal® suow rSmoval, &xS9Th
}f r the hand sh wvel, 1s thie frontoloeder troskel vakliie {raxmarat. o r:
WLtk Interchangeshle bucket and blads

{For massive spow mving, or rosd mefutemsm:e. the low ground praszirs
*1 {I3P) bulidnzer is perhaps the best; however, l+ has the Alsadrantag: of
belng uwshle to maneuver effectively in small srsss.

'
?

Yu removing saow frop areas that must be kept alasr, 1% Is lmprrtanst
ha,t nc ridges of snow be left on the upwlind side of r-'l_uwi arens unLess

aﬁdit ivnal drifting can be tolerated.

B. River and loke Ice

1. River Ize

The ice which forms on riwvers has the sare baslc cheractaristics
as 1ake ire. In glvem situations however, the surface condlilsng oFf river
ice can be quite different than that of leke ice. It somebimes kappess

that ;the original ice swrface that forms om & river is hroken up Anrizg
pel.l.s of warm wsather, high winds, and rsir. Upon refreszing, the naw
surfacee can be very rough, a condltion that somehlmes remainsg for the
ba.la.nfce of the winter.

e s Bl il i gy

¥

O —

‘I'he rivers of the Ft. Greely ares, the Delbts River and Jayvls Creek,
constst meinly of a series cof bralded chanuels that freeze over esrly,
making possible thelr use a8 vehlcie crossways throughout the wlakewr.
G«nﬂ-rh.]_‘ly the shellow channel waters of Jarvis (reek freeze over comeletely
with lee thicknesses reaschiag to the bottom. Bere, no traversing pro-
blemst are epcountered. However, certaln chaunel sectlons remsin ice.

free due to the Influx of ground water theraby preverting thelyr use a3
'gmmrses.

i ,
f Iar'ionq of the Jelbe Biver fzom Redeye o a polat a fewr mlies soatl
of Dofinelly Dome renzal..i op=an due to LThe dnflux of warm grownd sebes. Ui

f.bmei sections, 12 crossiugs sre ilmpossitlie. :it»wwer, bt area foom
Sa.w.miL Renge o the Tanans River freeses wver "*a'mtplé,t gly 1o Porm 5 solld
oA beu usefyl a8 a crossing. Other pazhs of the Delts BJ,L'@ gizh as
'fs-&.ck Rapids, na.ve channels wlith very rapldly fiowing wst=y, Thess sarbitons
usual_ay fraeze over appro*c mehely one month Isher the aress whe:m AL

vt er iz moving siowly. The freeze~over datz of the Elack Raplds sectlioc
iz :

for +b-= 1966-6T winter season was 19 Novenber 1066, The rivers
urmuy area, exzaph where exbramely yxpld waier ls f:i.ow..?‘mgg :

pected to freesze over balieser 19 ard 52 Oolhiober,  Maxlmoon fos £500
yar'y from 30 to 45 inches depending oz s«,j.r temperalure aad h\nuvfni"i_.

i
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2. lake Ice

The lake located in the Ft. Greely area Ireezés over about the
first of Novembar, give or teke 10 daye or so. The maximmum ice thickness
which 18 reached just prior to breuk up, veries frox 32 to 38 inches,
depending on air tempeérature and snowfall. If there is little or ro suow-
fall, the ice appears to be black in color and has good tramsparency. The
growth rate of the ice depends primarily om the snow cover. In general,
the ice thickness varies inversely with the depth of the snow cover. If
the snowfall if heavy, snow ice usually forms. This happens when the weight
of the snow cover depresses the ice until the 1ce cracks or faills. Water
then wells up through the cracks, saturates tlie snow cover, and forms
slush. This slusi layer freezes from the top downward with the newly formed
ice appearing whitish in color, the result of air bubble entrspmemt. At
this stage there is a layer of slush and water between the new ice and the
original clear ice. Trafficability is very poor during this time. In the
spring the ice becomes soft and wesk. It is advisable to curtail all
operations on the ice by the time the surface snow disappears. Table VII
showe load-bearing cspacities for ice at various thicknesses for selected
vehicles and aircraft.

C. Ground Conditions

1. Composition of the Surface Layer

The Fort Greely area is underlain by glaciasl moraine and
broad, flat, gravelly outwash plains. These glacial deposits are relatively
coarse, gsandy, ani have the characteristics of high permeability and good
bearing strength.

Both Alluvial and aeolisn deposits of sand and silt in layers of
varying thicknesses overlie the glacial materials in many places. Areas
of muskeg are generally apgsociated with all pooriy drsined depresgio=s.
Thes:. Tine-grained orgaunic and aineral soils, if sufficiently developed,
are troublesome to ground traffic during the entire thaw season. Travel
over muskeg areas is most ALfficult shortly after freeze-up when only the
uppexr surface is frozen.

2. Frozen dround
The Ft. g;ee:l,y area 1s located in the discontinuous perma-

front zone of Alaska. Permafrost, which 15 & permaneutly frozen laver of
soil or bedrock, is fairly deep bemeath most of the glacial deposits,

®Holmes, G.W., and W.S. Benninghoff (1957). Terrain Study of the Test
Area, Pt. Greely, Alaska, Mil. Geol, Br., USGS, Wa "sh'._EDE.CL.-, Vol. :L.,E 287
Tp (Based on the Casagrande system.)

®iFerrians, 0.J., (1965). Permafrost Map of Alaska, USGS Misc. Geologic
Iavestigation Map.
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TANLE VII

IrmA-Besxing Capecity of Frush-Water Ice
Miz. Distarce

Min. Ice Thicknesas ) betymen Units
(1n.) (£t.) {m,)
b T e 15 5
LT

N L
2 - o N

track 8 50 15

A drank 10 5 20
ol v teuck 16 8¢ ‘5
Sohgn Bruck o 200 62
34 travior wiloaded trailer 35 260 6!
Mi6] Tares carrier 10 65 20
MBAS Lime 25 230 ¢
MLIAL tark 26 200 60
MuRey ek 3 230 0
MA) 4ank 3P 230 5
Mio8 Howitzer, SP, 105 mm 2 130 Lo
M8 trpk racowary wehicle 3 236 70
M9 Bowiteer, SP, 155 m 20 13C Lo
Mil0 Yewritzer, SP, 8 mm 22 165 50
Miizg A% 18 8o 23
Miih srmored carrier 16 65 20
Mii6 comgo carrier 1k 50 15
M57R pasavery vehiele 26 200 60
Traator, DT, Std. 20 130 b0
frachor, B, Std. 24 165 50
Tegus, 20 tow 24 230 T0
CrogAiar 16 165 50
M.6 trazsporter, rolling liquid 10 N/A :
Adrerafh
N, F A 20 i
OvoIA. Ky 18 65 a0
' 10 65 1y
10 50 15
10 A5 20
20 18G 55
20 206 6
8 R 10
8 30 10
TELIA, B, D 10 5 20
EAL S 12 65 )
S 1k 80 >
13 & 235
&0 200 6¢
e 200 60
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pa.rtiwularly in the outwash where the top of the permafrost is at least 25
feet) from the surface. In bog areas or in areas where silt is more than

three feet thick, permafrost may be withinm two to four feet of the surface.
Problems sssociated with mineral terrain are minimal in winter when soils

are ususlly frozen at least three to 10 feet in depth. Some difficulty with
vehicle operatiors may be expected early in the freezing season when the
w.rfaces of the bogs or shallow ponds, frozen only to shallow depths, are
coxmea.led by a thin snow cover. These situations can be partially avoided

by limiting operations to ridges , particularly in areas of obvious depressions.

: {Ground temperature information 1s limited, although some data are
avallable from the Big Delta Airport.# The average freezing season as
computed from statistics for years between 1947-1954 begins on 14 October
and ends on the 22nd of April. Ground temperatures in what appears to be
outwash (sandy silt-gravelly sand) indicate an average depth of frost peme-
tration during winter of 14 feet for the years 1947 to 1960. The maximum
and xginimm temperatures for the same years at a depth of 23 feet were
37°Fgand 30.5'? respectively.

\ ?'.I'he ground temperatures very greatly depending on moisture content

of the ground, soil texture, and vegetation cover. If prediction of depth
of freeze or thaw were required for a particular area where ground condi-
tione are known, the values could be calculated by using USA TM 5-852-6.
Info;mtion on freezing and thawing indices has been compiled by Fulwlider,
1968J(Tab1e VIII).

Bitken, G.W. (1964). Ground Temperature Observations, Big Delta, Alaska.
S Army Materiel Command, eglons Research and Frnglneering lab., Tech.
Report 104, 15 pp.
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TABLE VIII (Cont'd)

Avg. 194T-1956 210 years) 5063 3168
Avg. 195T7-1956 (10 ysars) %516 3180
Avg. 19471966 (20 years) 4990 NT7h

e

Avg. date begin of fresze: %9147-1956, 11 Oct; 1957-1966, 2 Oct; 1947T-1966,
Oct.

Avg. lemgth of freeze days: ISUT-195€; 190; 1957-66, 169; 194T7-66, 195.

Avg. date begin thaw: 1947-1956, 19 Apr; 1957-1966, 19 Apr; 1947-1966,
19 Apr.

Avg. length of thaw days: 1947-1956, 175; 1957-1966, 166; 19k7-1966,

170.
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APPENDIX A

Test Site Meteorvlogl:al Ohgsrvgtlons

Meteorological ohservations at Army test zites ave ordinarily taken
by meteorological teams supplied by the Meteorological Center at Fort
Huachuce, Arizons. In certain situations however, such teame camnot be
made avallable, and the test team itself must provide the man-power to
cerry out the observing functiom. With this in mind, the following
malerial is offered as elemental instruction on the operation anl care of
instruments used to take and record meteorological observations at test
gitea in suppsrt of testing activities,

s. JInstrument Rejuirements

(1)

(2)
(3)
(%)
(5)

(€
(n
(8)

Instrument Shelter (Stevenson Screen) USWE Spec
450.0615

Rein and Snow, Gege, USWB Spec 450.2301
Windshield, Alter Type, USWB Spec 450.2151
Thermometer, Standard 10-1/2", USWB Spec 450.1016

Theymometers, max/min, with Townsend Support, USWB
Bpec 450.1016

Rygrothermograph, USWB Spec 450.8202
Paychrometer, Sling, USWB Spec 450.1016
Anemometer, Totelizing, Robinson 3-Cup.

Optiopal Items

(2)
(2)

Microbarograph, USWB Spee L45C.7221
Radiatios Measurement Eqguipment

bt. Observatlions

Observations are generally taken end recorded cnce every
24 hours at approximately the same time of day. More freguent observations
can he taken if more detailed informetion is required. The Hygrothermo-
graph produces s continuous record of temperature snd humidity.
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(1) Temperature. The ambient air temperature is

indicated on the standard USWB 10-1/2" thermometer mounted in the weather
shelter. The maximm and minimun temperatures occurrrng within a 24-hour
period are indicated by the max/min thermometers elec mounted im the
weather sLelter.

The maximum thermometer is & mercurial thermometer
with a congtriction in the bore near the bulb to preveni the mercury from
withdrawing into the bulb as the temp ratuce falls.

To reed “he maximum thermometer, relsase the catch
oz the support and lower the bulb end slowly untii the thermometer is
approximately vertical and the mercury column is resting on the comstriction
et the base. The instrument is then read in the same faehlon a8 a Ary-bulb
thermometer.

Before setting the meximm thermomster, be sure
that the mercury columm is resting on the ccairicetion st the base. OtlLer-
wvise, the glass forming the constriction may e broken when the thermometsr
is spun. Yo set it, epin the tlhermometer um:il its reading is the same as
- that of the dry-buldb temperature. If the readings of the dry-bulb and
maximus thermometer disegree, check the thermcmeters for the source of error
ir accordance with maintensnce imstructions. Xock the thermometer in
place on the support. Reset the maximum tharmomeler after each cbservation.

If the maximmm thermometer i1s broken or the reading
is known to be in erxror, cbtain the meximuz Semperature to the nearest
whole degree from the hygrothermograph.

Alcohol 1s uged in the minimunm theimometer and a
freely moving dark-colored glass index is vontained in the bore. As the
temperatun falls, the vetreatins upper sud o the elicobol column reétracts

he index, which remains at the position f the lowest temperature until
resert.

The minimm temporature thermomster is read at the
end of the colored glass index farther from the bulb. It should be read
without moving it from its correct exposure position ¢l always before
reading the maximum thermometer. The minimm thermometer 1s set after the
meximum thoremometer has heen set by twning 1t to a vertical pesition and
holding 1t bulb end up unbil the index reaches the end of the alcohol columm
end the reading 1s the same as the dry-buldb tempersture. If the readings
of the minimmm and dry-bulb thermometers disagree, check the thermometers
for the possible gource of error (see next paragreph). Reset the minimum
thermonetar at each observation.
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Minimum thermometers avr2 subjeet to errors caused
i dwpecxslom of the splstt solmma.  Somimas She splrlt vapor condeases
y : uppar wal of the does 4o form on2 o wwy shore segmauts above the

rash f the colum. AT other times bor:lee that form in the colum: may
frap the isdex. Erroneous readings wiil resulS 12 both cases, snd there.
foves *hﬁ thermomeser should be examined ah each obse'mtion for sepa.ra.tion
r.;:":‘ izima Glumm.  Brovrs sllo resuld Som oedcesal s of the ladex owlag 40
i

t w13 belug Jarsad or sudb)ected b 'fribrac,ion by the wind,

If the minimer thermomeher 18 broken or ths resding
is kaswz 4o be erroneous, cbtaln the minimue tsmperature to the nearest
L6 Segree from the hygrothsrmograph.

{2) Precipitation. Praoipiisilsu is measured with a
staaiard 8" Weather Bureau raln and swow guge. This gage consists of an
cubar tube, luner tube end collecting fuaasl. Oaly the outer is requivel
*or saow maasuremernt,. It is essenilal that th2 Alter type windshield be
asad for spow collectink. The snow collectloz should be melted and the
wautar poured into the faner tube and the measurement made with the stanasrd
WB mesgsuring stick. This observatlon glves the water equivalent of the snow-
fall; the density of the smowfall will be discussad in another section.

The amount of snowfall for the reporting peried is
messuired by placing e clean board in a well-expesed aree and measuring the
depth of the snow on the board. The board is cleaned and reset on the
gurfase for the next observetlioa. During periods of high winds this
obearvetion 1s erroneous apd the amount of suowfall mist be estimated.

(3) Rmiditr. In order to determine humidity, it is
flrst necessary tc read both the dry<bulb und wet-bulb thermometers
{psychrometer). The dry-bulb thermometer 1s read as follows. Stand

a8 far from the thermometer as 1s consistext with accurste reading to
prevert body heat from affectlng the instrumeat. Insure thet the line2 of
slght frum the eye to the top of the liqtud columm makes an angle of 90°
with Yhe thermometer tube, Thiz s411l awld amking a common reading
mistuke called the error of parsliax. Read the thermometer to the néa.rﬂnst
G.1%. A degree intervel bejpins at the middle of the degree markimgs et zzd
oz the tuoce.

n driving raln or smw, dry the duld amd shield It
from precipltetlon as long as nencesary to permit dissipation of extravaous
haat before preading it szein., When frost forms on the thermometer, ramove
it «ith a wam cloth and aliow sufficlient time for the dlissipetion of
gutrezesus heal béfore reading the thermometer.

59




Tn read the wet.hnlb thermomster il is Tirst necessary
4o moister the bulb with clean water Just prior to vemtilating the psychro-
metar (even though the humidity is high or the wick alrecdy appears wet).
If, howaver, ths temperature is high snd the relative hunidity is low, or
1f 1t 18 expected that the £ingl temperature of the wet-bulb will be 32°F
or iess, molaten the wet-bulb thoroughly several minutes before taking a
realding 8o that a drop of water will have formed on the end of the bulb.
This will raduce the temperature of the wet-bulb without danger of the
wick drying out before the temperature reaches its lowest point. At dry-
bulb temperatures below -35°F, do not read the weit-buld thermometer.

In aress where the temperature is high end the
humidity low, use precooled water for moistening the wet-bulb to avert
rremeture drying of the wick. Water can be precocled for this purpose
by storing it in & porous jug. To avoid altering molsture conditicms in
the shelter, do not keep this Jjug in the shelter, If this method sheuld
20t he effective, extend the wick and stand the wet-bulb thermometer in an
open contalner of water. This will kesp the end of the wick immersed
between observations. When the psychrometer is ventilmted, remove the
wick from the water uniil the wet-bulb has been read. Regardless of the
method used, vemtilate the psychrometer in accordance with directions given
in the followlng paragrsph on vemtilation. If the wick 1s not frozem ard
the wet~buldb temperature is bhelow 32°F, touch the wick with clean ice,
snow or other cold object to induce freezing.

: At dry-bulb temperatures of 37°F or below, use
water that has bteen kept at room tempersture in order to melt any accumu-

lation of ice on the wet-bulb. BMoistem the bulb thoroughly, at leasgt 15

minutes before ventilating the psychromeier, to permit the latent heat

released ag the wvater freezes, to be dissipated before ventilation is

begun . Do not sllow excess watar to remain on the wet bulb, since a thin,
thoroughly cooled coating i1s necessery for good results. Ventilaote tha
paychrometer by whiriing for sbout ten seconds. Then quickly reead both

web-bulb and dry-bulb thermocmeters, wet-bulb first. Repeat until two successive
wet-bulb readings are the same, indicating that the wet-bulb temperature bas
resched its lowest point. If the wet~-bulb temperature rises between

succeasive readings, remoisten the wick and revemtilate. Accurate readings

are egpecially important at low temperatures, vhere a given wet-buld

depression has & grester affect on accuresy of humidity computstions.

To obtain accurate resdings, thée air passing over
tié prychrometer bulbs must bave a speed of at least 15 feet per second.
This can be atizined by spinning the sling psychrometer at a rate of
spproximately two revolutions per gecond. This is best accomplished in e
shady spot where there are not obstructions within radius of the whirling
sling. Pace into the wind., Whirl the psychrometer as far in frout of the
hody as possible.
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(4) Wind. The wind velocity 18 measured with a standard
R Kb lawmn 3-Cup To*.al‘tzlng Anemometer. The Aifference in the readiags
wf tha tosalizer on this instrument from oue observation to the next equals
bae total miles of wind that has passed the slal lon during the observatlon
period. The general wind direction ovaer the observation period shouid
2185 he recorded.

(5] Gen Condltions. Oky conditlons should be
reportad 1a 10ths of sky coverage from 1, compledely obscure,to 0, lodl-
cesing clear. This informetion is useful in estimating the amount of
fncomizig radietion. Visibility should be recorded in miles ani 10ths of
alies. Fog is the phenomeron that most frequently restricts visibility.
™e fHLlowing 18 a description of the fog comditlions which might oceur and
waleh showid be made s matter of record.

In contrast to drlzzale of large ice crystals, fog
dropimta and ice fog particles have no visihle dowvaward motion. They
differ from cloud in that their bases are at the surface, and the base
of cloud is above surface. Essentizally, fog is & e¢loud of smell water drop-
lets suspended in the alr that reduces the horizoatal visibility at the
earth's surface. Most fog is distinguished from haze primarily by 1ts
dampness and gray color, in contrast to the somewhat more opilescent
{milky white), or blue, appearance of haze. This distinetion 1s oftem
dirficult to make in borderliine cases. Although fog seldom forms when the
differance bebween the alr temperature and the dew-point tempersture is
greater than 4.0F°, it should be reported when observed, regardless of the
amount; of this difference. At temperatures bhelow freezing the difference
may exceed 4.0F®.

Fog may produce rime or glaze on cold exposed
obhjucts, end may transform rapidly into ice fog at low temperatures, usually
helow ~20°F, A suspamsion of numercus minute ice crystals forms in the
alr end reduces the horizomtal visibllity at the earth's surface.

Jce fog does mot produce rima or glsze on ccld
exposad objects.® When ice fog is observed, temperatures are usually ~*
or below -20°F. .At relatively high ice fog temperatures {(-36°F to 20O}
the fog usually consists predominately of prism-ilke ice crystals, ~ftem
evidenced by optlcal effects typlcal of ice prisms such as scintiliation
In supllght oxr other light beams, halo phenumena, luminous verticel coluwncs
{vpiliars) over lights, etc. It may sometimas appesr gray in color; expaclally
at lower ice-fog temperatures. At temperatures bdelow -36°F the ice crystals
(’7 other pa.r‘ticlea) are usually smaller ani lack clear-cut prism-like

*!E-’."ais 1s generally true for all of Alaskas. It 1s not always true for
purts of Antarctica.
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csharacteristics; these particles are described as beilng nearly spherical
with rudimentary crystalline faces. Ice fog intensity usuzlly dscreaseés
as the proportion of prism-like ice crystals increases. In concentrations
vhich barely restrict visibility, the crystals are also called "diamond
dust". In ice fog the difference between the tempersture and the dew
point may spproach 8F® or more.
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APPERDIX B
The Determination of Smow Zomr Properties
1. Introduction

Knowledge of the mechandcal properties of the snow cover is significant
to military operations in many ways. In no way, however, ig its signifi-
cance moie viial than as a measure of the perforrmance characteristics of
various vehicles during off-remd or cross-country mobility tests (Abele,
1967).  To evaluate a vehicle's performance in suth tests, it 1s necessary
to obtaln sufficient data on the terraln characieristics ard show cover of
the test course so that ~-mparisons can be made of 1) a particular
vehicle’, performance in varisus types of snow cover and terrain condi-
tions {a terrain trafficability® comparison} and/or 2) the performance of
various vehicles in a particular snow cover and terrain cordition (a
vehicle mobility** comparison).

Data on snow characieristics is alsc needed to evaluate vehicle
performance on haxd packed snow on pavements, as well as ogver-smow troop
movenents, on foot or on skis. Studies on snow cover propertlies and their
relationship to climatic conditions have been discussed by Bemsom (1967),
Bilello (1957, 1967) and Bilello et al.(1967)

2, Tests on Snow Cover and Terrain

The releationships between the predominste characteristics of terrain,
snow cover, and vehicle design are shown echematically eas functions of
mobility in Figure 1B. The most significant snow cover aud terrain charac-
teristics are shown in the heavy boxes; their influemces on vehiclie mobility
are indicated by hsavy arrows.

nsity. All the various snow stremgth indises (unconfined, tensile,
ahear, bardness, elastic modulus, etc.) are highly dependent on density.
. With referemce to snow, demsity. probably has a more tangible meaning than
any other property since it represents a means for nc@arisgn with ice
or with wabtsr.

Obtaining of & snow demsity profile requires digging a snmow pit to
expose a vertical face through the seasonal snow cover. The sunow cover
will usually consist of several idemtifiable layers which may be the pro-
ducts of storm precipitation or intensive drifting. Between layers there
genarally are areas of crust or ice lenses due to wind action or melting
from solar radiation and/or above-freezing temperatures and subseguent
remezim Each primewy lewer may include several secondary layers which

ﬂfrafﬁcability = the capability of the ground surface to support a vehicle
-or vehicular traffic,

"kbbility = the capability of a vehicle to travel over the ground surface.
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sometimes make identificatiocn of the primary layer difffcult. Never-
theless, 1f at all possible, the profile should be divided into horizons
representing periods of mejor storm precipitation or periods of high
winds and drifting. Density measurements of these major levars will
usually be sufficient for describing the overall density characteristics
of the profile.

The snow observation kit (Pigure 2B) contains snow ssmple tubes, 500
cm3 volume, with rubber caps. The snow tubes are imserted horizontally
into the center of each major snow layer (see Figure 3B) and removed
carefully by digging them out with the metal cutoff plate included in
the kit. The excess snow is removed and rubber caps are placed on both
ends of the tube. The snow-filled tube 1s then weighed on the scale
included in the kit, and the density {g/gm3) 1s computed by dividing the
pet weight (grams) of snow (gross weight minus tare mightg by 500 (the
volume of snow). (It is actually more rconvenient to multiply the snow
weight by two and to move the decime) point thres pluces to the left.)

While taking the density observations, it is common practice to
record the snow profile characteristics pertaining to smow structure and
cohesiveness, which affect snow strength independently of demsity. A
typical profile description is shown in Figure 3B. The data ure recordad
on cards (provided with the snow kit) as shown in Figure 4B. Tempersture
measurements every 15 or 20 cm (or smaller intervals in deep spow) are
sufficient.

Although density and snow structure have a significant effect on the
strength properties or the load supporting caspacity of snow, tbhey are not
reliable snow etrength indices. A change in temperasture hes & significanmt
influence on snow strength, but wvery little effect on density. The effect
of temperature on snow structure is largely dependent on time lapse.
Therefore, when evaluating or predicting snmow strength from demsity and
structure, existing temperature, time or age of the snow, and the tempera-
ture fluctuations to which the snow cover has been subjected, have to Gé
eonsidersd. Theee, of course, are difficult to evaluate. For example,
1t 1s possible to have a relatively strong snow layer of low density as
contrasted with a layer of higher density but lower stremgth, the result
of weaker structure or higher temperature. However, other characteristics
being equal, strength increases with an increase in demsity, and decreases
with an increase in temperature. It would be highly desirasble if a snow
property index could be developed capable of use as a strength or supporting
capacity measure irrespective of structure, demsity, temperature, etc.
This would reduce chances of making erronecus assesswenis of the strength
factor. The relationships of the various snow characteristics have been
discussed in more detail by Abele (1963 and 1968), Kovacs (1967), and
Mellor (1964).
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Shear strength, as well as uncontined compressive strength, is a
fairly reliable iandex for estimating the load supporting capacity of snow.
Howaver, these teats involve time~cousuming sample preparastions and are
meonvenient because of the amount of equipment required. Other strength
tests such as the California Beariag Ratlo and plate bearing tests, whick
are very good indicators of terrain supporting stiremgth, regquire even more
time and heavier egquipment.

For reasgsons of coavenience therefore, cone pepetrometers of various
types have been developed as replacements for the bulky ecualpmznt mertioped.
Thess have been used quite successfully in snow for predicting the
trafficablility of & snow surface.

- HJardnesss. - Omne of the most significant propertiesz of e snow cover is
its "resistance to pemetration” (hardness). This 1s the properiy which
ie dirsctly related to sizkage rates of veblcles and other spplied loads.
The sinkage rate for a particular vehinle in a glven situstion has definite
and predictable effects on the vehicle'’s mobility. .

Within certain limits, the berdnees of suow also influemces the trac-
tion of & vehicle. Compacted snow, such as characterizes most highways, is
occagionally 80 hard that track grousers cannot pensirate it, resulting in
insurficient tractlion particularly on grades.

A cone penetrometer, such as the Rammsonde, is particularly useful
iv eveivating the supporting capacity of snow. The inatrument is very
convenient, easy to operate, and provides the means for quizkly obtaining
& hardness profile of the snow cover.

The standard Rammsoude hardness instrument consiets of a hollow
sluminum shaft with a 60° conical tip, & gulde rod, and a drop hammer. The
guide rod, inserted into the top of the shaft, guides the drop hammer. The
hammer 18 raised by hand to a prescribed height on the guide rod (as indicat:
by the settings on the cm scale), and then dropped freely (Figure 58).

Reudings can be obtained in two ways. Several hammer drope (or
blows ) may be required to obtaln a certaln pametratior If the snow is
uzusually hard. Any convenient penetration imcrement (for instance 5 cm)
msy be selected as a standard for compaerisoa. If the snow is soft aail
luyered, however, psuetruilon varies with each drop. In this situvation, tbe
total penetratioun cansed by a given mumber of drops is customarily recorded;
bui, occasionally, the record of each drop mey be required. The depth of
penetration is read from the ca scale on the shaft.

The standard 60° pemstrometer cone (Fig. 5B), with a diameter of 4 -m
is freguently too small (too slim) to be used in a natural snow cover,
exzept in hard-packed drifts. Consequently, the 120°, 10 cm diameter cone
is used more extensively (Figure 6B).
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Figure 5B

RAMMSONDE PENETROMETER
WITH STANDARD CONE

Figure 6P

- MODIFIED RAMMSONDE CONE
FOR USE IN SOFT SNOW

r— 10Cm
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Three hammers, 3 kg, 1 kg, and 0.5 kg, are provided in the Rammsonde
kit. The selection of hammer weight, drop height and cone type, chould
be such that the resulting pemetration from ascch hammer dyop 1is balween
one and five cm. The Rammsonde ("ram") hardness number is couputed from
the following equation:

R :':"?“E +W+Q

vhere: R= ram hardness number
W= weight of hammer (kg)
h= height of drop {em)
a= nmbder of blows

i

penetration after n drops (cm)
Q= weight of peaetrometer (xg)

The above expression does not take imto comsideration the cone shape.
Therefore, a tentatlve experir.mtal relationship has been establiched
between the standard ram hard iess numbers obtained with the standard 60°,
L-cm cone and the hardness numders obtained with the 120°, 10cm come using
the sbove eguation (Figure 'B). :

It should be noted that the penetrometer come has to penetrste to its
maximum width (3.5 cm from the tip for the standard cone and 3 cm for the
large cone) before valid hardness readings can be observed.

The ram penetrometer test data are recorded on data cardes (provided in
the Raxmsonde kit) as ahown in Figure 8B. The use of the Rammsonde cone
penetrometer has been discussed in varlous reports (Abele, 1961: Niedringhaus,
1565; Waterhouse, 1965).

The rum penetrometer camot be used in very hard compected spow such
as that characterizing winter roads after comsidersble traffic. The hardness
of this type of snow can be determined with a hand penetromster, such as
the Canadian Hardness Gauge or the Soil Penetrometer (Figure 235 Hardnees
readings with the Boil Penetromoter are obtainad by pushing the probe into
the snow to a depth of 6 ma (§ in., indicated by = red line) and obgerving
the position of the sliding red coller on tha greducsted sha®t [dizregmsd
the strength wuits, etched beside the scale, which pertain to soll values
and have no significance in this case) . The penetrometer readings indicate
the pressure applied, as shown in Figure 9B.

The Canadian RHardness Gauge can also be used for this purpose, but the
design of the Soil Pemetrometer permits a more convenelent use and reading
of the instrument.
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STANDARD RAMMSONDE HARDNESS VALUES VS.
HARDNESS VALUES OBTAINED WITH MODIFIED CONE
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The snow hardness range for which either of the two hand p\\netronn‘g;gs
c{:go be ugod is limited to penetration pressures of approximately 56 kg/
30 pei}. o

Snow thickness. Snow thickness is a simple but important measurement,
since the rate of vehicle sinkage, within certain limits, is determined
vy it. 1Its infiuence on vehicle mobility is greatest when the snow cover
is just beginning to form,decreasing thereafter as the smow thickness
increases. For example, a change from 20 cm to 40 cm thickness is very
significant as far as vehicle performance is coucerned, but it is practi-
cally immaterial whether the snow is two meters or four meters deep.

Grade. Thia parsmeter can he expressed either in terms of percent
(vhich is more common and, therefore, preferred) or in degrees.

Obstacles. Any minor but sudden change in the terrcin configuration
relative to the horizontal; such as mounds, banks, drifts, ditches,
depressions, trees and shrubs are considered cbstacles in contrast with
1) smow surface features, or irregularities resulting from wind erosion;

_apd 2) major terrain features such as hills.

Since it is mot yet possible to apply a ratiomal classification
scheme to such obstacles, their idemtification rests heavily on desecriptive
charecterization of the obstacles in question, such as the approximate
dimensions of ditches and mounds, the size and spacing of trees, and the
slope and height of river banks.

Soz > indication of surface roughness, which may be defined as the
irregularities of the snow surface as shaped by wind erosion and deposi-
tion, is desirable if the surface is sufficiently hard to affect vehicle
ride confo.t, or i ease or personnel movement on foot or on skis must
be arsessed. Surface roughmess is also of critical concern to alrcraft
landings apd take- offs. The properties of snow cover so far discussed
relate slmost emtirely to problems of vehicle mobility, Thers msy bé
octasions, bowever, whea other snow propertiegs may be of significance
(USA CRREL, 1962). Snow perticle size, for example, is of significance
to visibility when blowing smow becomes a problem due to the number znd
size of the particles in the sir.

The suow observation kit contains graduated plates for measuring
grain size. BSince the concentric circles etched on the plate are one
rillimeter apart, size of fine particles has to be estimated with a
nagnifying giase.

Temperature. Since temperature information is useful in many different
situations amd because the observations require so little time and effort,
temperature data should be obtalned during all tests. During vehicle
mobility tests, temperature of the spuw surface should be observed; as well
as the temperature of the air at a height equal to the topmoet level of
the vehicle. Some record of day time versus night time temperatures also
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may prove useful, since the smow cover, in certain situstions, mey

become sufficiemtly trafficable at night to sustain mobility tests,

though too weak during the warmer dsys to support vehicular traffic.
The snow kit is provided with several di:.l-t¥pe ; bimetallic ther-

mometers. In hard snow, the probe (see Figure 2B) can be uszed to make a
hole in%o whick the thermometer stem is inserted.

Summoaxy

The most significant smow cover charscteristics to be observed for
purposes of trafficability assessment are:

1) Resistance to penetration or snov hardness.

2) Snow thickness.

3) Terrain grade.

4) Description of obstacles.

5) Snow temparature.

A density profile(s) of the smow cover in the test area is of
sufficient general) value to take the time to acquire. Usually, a des-
cription of the nature and composition of the smow cover profile (as well
as that of the snow surface) can be obtained with little additional effort.

The spow observation kit and the Rammsonde kit, both avallable from

USA TSC, contain all the instruments required for performing the necessary
snow cover measurenments.
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AIPENLIX 0

The Test_Facilities at Fi. Gree

Thm TAarnrntd Ane ~Amd

e leocations and sizés of the ranges and other testing facllities
. at Ft. Greely are shown on the .ontispiece, The U.S5. Army Tect Center
has direct or indirect interests in about one million acres, or 1,560
square miles of real cstate in northern Alaske within the drainsge bLasin
of{ the Tanane River. At Ft. Greely the test facilities total about
560,000 acres whick include firing areas for artillery, tanks, mortar and small
arms, a G00-acre air-drop zcne. vehicle courses gnd o chemicel test area.

Test Centcr facllities (nclude: three multigpurpose sites; a net-
vork of veklcle test courses; improved terrain aree; support facilities
including en ailreraft hangar; track vehicle maintenance shops capatkle of
accompiishing up to and including gencral support maintenance; an effective

supply complex; and hignly developed photcgraphic, grephic arts and allied
trades facllities.

Ranges 1

Each range facllity has Ilndependent accesgé roads, power sources,
data collecting equipment,, burkers and firing points that are consistent
in quantit; and variety with usage and purposc for which constructed.
Renges, vhere feasible, are provided with lighting for testing during hours
of darkness, when most favorable testing temperature generally occur. The
airgpace over cach range is restricted to unlimited altitudes gt all
geasons, Eptry into the restricted ailrspace is controlled th-ough the
Federal Aviation Agency Station, Big Delta.

Beales Range

This range consicts of two firing pads for lesting of artililery
veapons. Firing may be conducted to & range of 50,000 meters Ifrom one
firing pad which consists of eight surveyed firing positions and g cleared
fire lend 2,000 meters long by 500 meters wide. It 1s used principally
to conduct service test firing. The cther firing pad comeists of three
{iring positions oriented toward three separate impact areas and ls used
primarily for engineering test firing and service test firing of long-
range artillery weapong. About 300 acres of land have been cleared for
this firing pad. Observatior posts, eech including a snrveved instrunent
position, have been establiskbed every 1,500 meters throughout the impuct
area.

Tank Ronge

The range hag six concrete firirg pads, seven illuminated stationary
target areas varying in distance frou. 500 to 2,000 meters and moving
targets at 1,000 and 2,000 meter distances. The complex is used primerily for
test firing of tanks and as a center for crogcs-country vehicle testing and

vehicle ¢old soaking.
Preceding page blank
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Fiexd Firipg Bapge

Thie range coosists of a ciemxed area of 103 acrer and is wsed princi-
Pally foxr combat firing tests of small arms.

Mortar Rango

Originally constructed as a multipurpose test gite, this 20-scre
site is mow wed primerily for mortar firing with occasional testing of
ertillery and antisircraft weapons, flams-throwers and miecellaneous
Qq_uimto

Air Defense Range

This range is remotely located to minimize drone mterremnce wvith other
aircraft and weapons.

Swall Arms Complex

This complex is used for testing various infantry support weapons.
Its principle elements are:

Sawmill Site: A 1T~acre cleared area used for testing
grenades, uines, and short range direct
fire weapone.

Xuown Distance Site: A clegred area of 15.2 acres vith ten
rifle firing positions each with measured
target diatsnces to 1,100 meters.

Recoilless Site: Constructed to test various types of
longer range direct fire weapons. Firing
plettorms and target berms are located to
porzit Siring at all ruuges betveen 100
end 2,000 meters.

TOW s3ite: Bpecifically comstructed to test the new
TOW weapons.

Multipurpose Test Sites
Since tests are conducted on 0.11 items of Army oquipment and materiel,
gerera) teat sites hawe besu prspared for a variety of fipal uses, Other

areas, aB yet undeveloped, have bsan set aside for additional special snd
multipurpose uses. Eites developed are:
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Bolio lake Test Site

Tais Pesiilty is prdoctoslly daw teld 4o ponfiring test activitims,
T4 fncludes a feacad-iln bul.riug ompiex of k.6 gores where clothing,
individual equipment, rations, “suioge gad call souk testes are corducted.
¥ithin and about the complex ars a pumber of driving courses agnd ski
trails vhere croga-country ski andl vehisie teghs are conducted.

Drop Zome

Air delivery tests including techniques development tests, drop
tests of men and equipment, and carg- retrieval tests sre conducted at
this site. To dat-. -16 arres of Jund have bteen ¢legred within the site
for testing 1vwnponss,

erstle River Tegt Site

This site 18 uzed to comuct tests of chsmlical eguipment and materiel,
iocluding incendiaries ani demolitions. Toe 19,000-acre aree imcludes a
@as chamber, toxic ageat yard and four cleared grid stages.
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