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ABSTRACT 

Th* Qtnrtttniaster Research and Etaglnwrlag Cmttar at Natick* Has- 
sacbusetta,- provides facilities for conducting reeearch and developaent 
In aaiqr fields of science. B>th Indoor and outdoor clisaatio facilities 
fcr research and testing are nailable at the Center« These facilities 
include vind tunnels for sisulatlng extrene ollaateõ and a solar furnace 
for testing materials designed to protect soldiers against theraal radi- 
ático. 

A carprebenslve veather recording and observing prograa Is conduct¬ 
ed at the Center by personnel of the Aray Signal Corps. Topoclinatic 
stations are located in representative areas* and micro climatological 
measurements are made to determine the vertical distribution of weather 
elements as well as the physical processes involved« 

The climate of the area is one of moderately cold* moist winters 
and warm* moist sunners. January* the coldest month* has a mean temp¬ 
erature of 26.5°F* and adnieuc temperatures at or below freezing on an 
average of 29 days. July* th.s warmest month* has a mean temperature of 
70.S°F and an average of 6 days with temperatures at or above 90°F. 
Kean annual precipitation totals 17.77 indies and is evenly distributed 
throughout the year. Novonber, the wettest month* received an average 
of I1.76 inches* and October and July* the driest months, both have a 
nets cf 3.36 indies. Snowfall nay occur during all months from Novem¬ 
ber through April* but significant amounts srs likely only during Dec¬ 
ember* January* February* and Mardi. 

The Natick area* like all of New England, was influenced by inten¬ 
sive glaciation, and the landfoms in evidence today were caused chiefly 
by the last glacier to cover the region. Most lakes and ponds, includ¬ 
ing lake Cochituate, owe their origin to glaciers. Soils of the area, 
derived from glacial material, tend to be acid and cccrse. 

Natick lies within the northeastern hardwood forest. Trees, which 
are all second or later growth, include American elm, gray birch, red 
naple* several species of oak, and some white pine. Marshy areas con¬ 
sist nainly of sedges, cat-tail, and snail willcws« 
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DrVTROiiMrUT AND CL2ÍATIC TEST FAdLITHS 

1» Introduction 

The Quartermaster Corps has been responsible for providing food, 
clothing, equipment, and other needs of the United States Army cine* 
17?6. The problems of developing these items are nan if old, and for 
years have been investigated at laboratories at various places through¬ 
out the country. The Quartermaster Research and Development Center* 
was established in to consolidate Quartermaster research and de¬ 
velopment activities. The Center provides facilities in which the ef¬ 
forts of scientists and technologists in many fields of science and in¬ 
dustry can be coordinated for developing and improving the many thou¬ 
sands of items for which the Quartermaster Corps has responsibility. 
For example, between 19h7 and 195k the Quartermaster Corps introduced 
nearly 500 new line items or materials into supply, and, in addition, 
during this period more than 600 standard items of issue were modified 
to Improve functional characteristics (Calloway, 195k). 

The Quartermaster Research and Engineering Center is in the town 
of Natick, Massachusetts, at k2° 17' N. latitude and 71u 2;!* W. longi¬ 
tude (Fig. 1), on a peninsula on the east side of Lake Cochituate. 

?»• 

VT. ( N.H. / 
-_ J 

Figure 1: Location of Natick, Massachusetts. 

^ïïëüësignated Quartermaster Research and Engineering Center 
QhC Circular 57, 7 Kay 1957 
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The Centftr is approxinately ¿0 rdles west of the center of ¡baton and 
5 rdlea east of the tow» of Franingham. Hatick Is accessible fron all 
points by najor highways and by the Boston and Albany Railroad. Fra*- 
inghan is the nearest station stop for through trains. The nearest 
cowerclal airport is Logan Field, the nunicipal airport for Boston, 
23 niles fron the Center. The nearest military airport is Hansccn Air 
Force Base, near Bedford, Hassachusetts, 17 miles from the Center. 

Laboratories in the buildings shown on Figure 50 (following Ap¬ 
pendix) are used for conducting research and development in chemicals 
and plastics, environaental protection, mechanical engineering, pio¬ 
neering research, and textiles, clothing, and footwear.« ' 

2. Climatic Test Facilities 

Both indoor and outdoor facilities are available for testing items 
during their development. Location of buildings and teat areas is shown 
on Figure 59. 

a. Climatic Research Lahoratoi 

Among the more important facilities are the wind tunnels in 
the Climatic Research Laboratory. A floor plan of this building is 
shown in figure 2. The wind tunnels simulate conditions that occur in 
various environments. They were designed, and are used primarily, to 
determine physiological and psychological reactions of troops under 
controlled conditions, but they may also be used to test items of 
eouipnent. Scientists conducting tests in the wind tunnels can observe 
.""d direct - fror: an observation room - the activities of test subjects 
and record their reactions (Figure 3). A two-way connuoications system 
is provided between the turréis and observation rocen, lhe Arctic and 
Tropic wind tunnels are discussed in greater detail below. 

(1) The /retie Wind Tunnel (Figure 1) occupies a total area 
of ÿCO square feet (60 ft. by 15 ft.), with height ranging from 8 ft. 
8 in. at the sides to 11 ft. 3 in. at the center, and includes two 
treadmills {each h.5 ft. by 8 ft.) that may be adjusted from a level 
position to a 12 percent grade. The« treadmills are designed to car- 
ry u fully equipped men at speeds adjustable from 1.5 to IS mph 
(♦ 0.1 rph). 

This tfind tunnel is designed to provide and maimain dry- 
bulb temperatures within the limits -706? to 70*F (+ IF0). With diy-bulb 

•»■quarte ma ater research on food processing and packaging is conducted 
by the QuartemasUr Food end Container Institute for the Armed Forces, 
bid o, FU. Field tests of newly developed Quartermaster items are 
conducted by the Field Evaluation Agency, Fort Lee, Virginia. These 
two installations, with Quartermaster Radiation Plarmirg Agency, Washing- 
tem, D. C., and the Center at Natick, comprise the Quarternaeter Research 
and Engineering Comand. 
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Figura ks Interior of Arctic Wind Tunnel with stuty 
in progress. Wires lead to thenrocouples which are 

attached to akin of test subjects. 





low tesp«s*àtBr* r*¿latiOQ jmoàlM which em b» betted cr 
coded will be prerided in the Arctic «lcd Teasel ourlez 1957 or li£8. 
Them penela will be sounted on the celling and aldea /or a length of 
20 feet, and will be uorabil* and «fcmomtebie. la addition, nltrarlo- 
lat tmd infrared radiation will be provided la a sectico of thi* wind 
twmel. 

2 to 5 UO to 1/6 
2 to 20 130 
2 to 30 120 
2 to Lo 0 to HO 

The facilities of the Tropic Wind Tunnel are rfxdlar to 
Jx)òm of toe Arctic Viind Tannel. Ireadadlla are of the sane dicsnslons 
and capabilities, ted rain, snow, and radiatiai will also be produced 
in the easa way an In the Arctic Wind Tunnel. Tx tropical clothing 
cor''^ roen is designed to ka in tain rocía ts'çeratures between 0°F 
and 165°F, but there is no control of hastdity. The tropical dressing 
roen ttasper&tures can bo maintained between 60°? and 80®? at relat¬ 
ivo humidity. 

b. Solar Pomace 

Ccnstrccticn of a large ociar furnace was begun in Pebnw 
ary 1957, at a location west of the boiler house on the shore of T-«^ 
Cochituate, and will be ccr.pletsd in 19>3. It is to be the largest 
eolsr furnace in the Caited States, and will be used to test material 
designad to protect soldiers against thersal radiation. Reliar.ca moo 
ato:ric tests in field trials will bs necessary ooly if? final evalúe- 
♦.4 

The installation, vhich is over 100 feet long, will use 
Birple optical principles to achieve a ceneeutratica of solar radia¬ 
tion. The direct radiation frea the sun in reflected frea a large 
array of flat mirrors, the heliostat, to another array of concave 
Birrora, the concentrator. The coaceatrator produces & conrergsat 
besa which Is focused on a target position, ¿a inage (about Î* lachea'» 
in diRffieter) of the sun is foriied. A wateavcooled protoctira shutter* 
and a fust-acting exposure shutter control the projection of this image 
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^ hAl-,<rUt to k*erp it »t tiiê oorroct «bjU with 
. Jt-, T*n*cUd r*ya üladuât« Um eonowit^ttos- darin« 

tears, r*gsr<a»®s of Um tin. of d«* «■ v***. 15, i, ^¡7 
?? «i UcTsdiinc*» gruW Um 60 ealorios/or/oM c«a bs obtalnod 
•flatly la rosoarcli stodlos on ttenul pro toc tien. 

o* Haintower 

d« Otrttoar Test Ira— 

Ffccllltles «re «Iso «»»ilaibia to « Halted extent *t the Gen» 
ter Tor ecíme*in£ oütdoor teatau Outdxa* test creas laclado the erar- 

0iem »>• "■»»• '-'•U =« b. >»ed forrt^I 
lug the effect ci exposure ca saterisls, fer ecadacting develouent 
testa en »eioanlcal eqalpamt «ad cloUúag, «ad fer pbyslologioia a«*s- 
uraouts« * 

f ._. grar«! pli (îîg. 6) h*s a lovai earfac«, part of i*^h 
(«brat 2$%) is «nxrfacad vi^a asphalt. Peear (120 -rolt, 60 cycle, 
sln^puia, and 220 volt, airela cycle, thre^pime',, téléphoné oojw 
nectlca, «ad n*ter stçply «re «rallabls «t the pit. 

f. 
>f. ; r 
tes.,.. -j ._ 

r , - • « « ■» 
-**-4’) rfs/.i ■ J *'4 ? a. M 

Wgwe 6s Qrarel pit, flew facing northwest. 



Bwi Point *rt* (Pi*. 7) It proridsd nltti pomar (HO Tait, ¢0 .. .,,.,«11, 
eyttlt, and 220 wdt^ siagl* cjrcla, ibrm^tu»), tal»- \ Í v*\ 
pb«at oças^tiáa», wiw trupjãjt aad « fa*l daqp f«r cocerlas fe»! s*- V V % >?- 
qolitd AdotIjic otriala tttt«« > -V V-'>'v Cv 

Flgror* 7« Point are* sbovlag tot In ¿arogrtsa 

On to* vast sida cS iba panlnsala,cces« 60 faot of ahora lus beea 
cleirtíd, A UO-fcot piar, tbidi na/ ba osad daring imsrsioa testa of 
it««, «s tands fron this clesrod itri? into the lake (Fig. 8). As 
«tor at the casi of the pier is onlj 3 to c feet deep, but » larga 
part of the leJca, ¡wmral hundred feet fron the piar, is ¿0 feat deep 
(Dept, of Sotar«1 Rescsrces, Coosa, cf Kass., 1952). 

e. Hetc-oralo <-ical Statlona tzi Obaemtlons 

M. 

X cooprehosaiTs vsather recording sad observing pccgran la 
ia operation at the Center. The observations asA Beis.r«iearts provide 
wieoroloslcal and cliffatologieal data required by reeewth aoiaatlsts 
«rd test plßr-a-ra in all Divisions at th« Center. Weather 
inflaaacikg teats tad stadias are recorded in detail. 

X priaary veather etatdon is located on Hie lava wt*r tbs 
south «ad of the lÄdadstratica Building (Fig. ?). fus «is&ina la 
equipped vith a sUadird Inatnccct shelter, containing a hygrotheano- 
gr&ph, i*udr.'-j» and sialiKsa tharscotetars, paychronctar, sad the aetaalag 
elsaent ct a Foxbero dsmsll. A sl^siard 6-iueh rain gauge, a record¬ 
ing w*ia?iing rain gauf;of ret erchaiija rîdicaetar, and a soil-heat trans¬ 
fer plate are also isstillad at this station (Tig. ID). Vlad recording 
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flgani 8» H*r B»«d in i»B»r»ion U»U, on 
wwfc Bid* of psninoula. 

Figur« 9: Ÿrimzj wwth@r station^ showing rain 
gvag*t wt «¿changa radJ.csssfcer, and 

inatnoHnfe aheltar. 



instn-mont«, « «cording tipping-bucket rain gauge, an Sppl* r pfitwlio- 
meter (for aeaeurlng «olar radi»tion), and a total heaiapherle radi>- 
netor a« mounted on the roof of the Reeearch Building (Fig, 11). 

ngv.re 10* Interior of Instnuaent shelter at 
príJLirr weather station showing arrangement of 

inftruasnta 

*>-4 

Figu« lit Roof of Research 
Building, showing meteorolog¬ 
ical instrument«. 

Recoïdara for electrical insinuants 
a» located in the Research Building 
and the Administration Building. Visual 
observations include risibility; tias 
of beginning and ending, and type of 
precipitation; aaount, type, height, 
direction of mo\-eiw»nt,- and spaed of 
clouds; ground conditions; and snow 
co»er and depth. 

Additional weather s' étions hare 
been installed in the Point area (Pig. 
12), in the gravel pit (Pig. 13), in 
the wooded area, south of the diaatie 
Research Laboratory (Pig. 14), and on 
the bluff on the west side of ths 
peninsula (Pig. 15). Each station is 
equipped with a rain gauge and an in¬ 
strument shelter containing a thermograph 
and maxims« and nciniansa thermae term. 
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Locations o.f th«»o topoc lima tic «tâtions ar* «hoisa on l’Igor* $0. 

3. Climat* 

Nsw England, lying in the middle latitudes, comea toder the inflo« 
ence of frequent conflicts between cold, dry air nasses flowinr oot of 
the créât subpolar region to the northwest and the Warner rnoiature- 
bearing, tropical ruiritir.ie air nasses from the «nth (Hesnith, 15»ia), 
lha Natick area has r» erately cold, no 1st winters and warn, no ist su»* 
ners, Cccasional ocet ic influences reach the area snd reduce the fre¬ 
quency of extrañe high or low temperatursa. Precipitation is moderate¬ 
ly aUmdant in all seasons of the year, although considerable variation 
in cnouni and distribution say occur fres year to year. Hintes* precip¬ 
itation la generally in the fern of snow. Once or twice a year, atoms 
with freezing rain (glaze) occur, forming ice accumulations on exposed 
surfaces end causing widespread damage (Bennett, 1557). 

The area is subject to stems in both summer and winter, doe to 
the frequent passage of frontal systeos. Frontal and convectional 
thunder atoms, with gusty winds, are freqrent in suriner. Adverse weath¬ 
er conditions of longest duration expsriviiced in raraaer usually are due 
to warm fronts or stationary fronts to the south. Ibese frontal system 
cause extended periods of cloudiness, drizzle, end lew visibility in 
the area. Cold front weather in winter is usually r»re severe than that 
which occurs in sunner. There is usually continuous snow ahead of the 
cold front, lasting up to two hours after the frontal passage, after 
which time there is a general irproveroent in the weather conditions. 
In winter, warm fronts which form in, or pass by, the vicinity of Lccg 
Island, New ïork, cause precipitation in the form of rain or freezing 
rain in the Natick area. 

In late sumner or early fall (August and September) the weather 
is eoinctir.es influenced by hurricanes. Kost of these atoms do not 
pass directly ever the area, but at tines cause considerable precipita¬ 
tion and strong winds. The area has been affected by hurricanes about 
17 tines in the past 55 years, but not more than 7 of these stores wer* 
severe enough to cause extensive danage. 

Climatic data are presented in detail in the graphs and tables in 
the Appendix, and discussed below. 

a. Data Sources 

Few weather observations have been taken in Natick proper, 
and clinatic information used in this study is based on records ob¬ 
tained fron weather stations located between 3 and 15 miles from the 
Laboratory site. 

Temperature values were computed from data obtained fron 25 
years of weather records at the Lake Cochituate observing station, taia- 
tained by the Metropolitan District Corrission (Wate Division, 195h). 
Twenty-seven years of records from this station were used in determining 
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Hm pr«clplt«tlcci Sm Lak« Cochltoat« staüca 1« locatad ca 
Soot® 30 es xh* B@ôi riMm Ute Cochituat», apcrcadjutalr 3 «LU« 
north of tJte Contar, at lli8 feat abava ^ aia S^T 

Itadiatloo and atpabia» data citad ora firm obsarvatlsns at 
tia Barrard HLua HiU Katasrological Obaervwtoxy («lavatioa 61*0 ft*) 
ia Milica, Maasacfcuastt*, about il* sdlea east-oonthaast of Natick 
(If. S. Vaaíbar Burean, 1553). Mean recthly radiation data ara for a 
T"to 9-y»ar period, bat Bean w&ekly vaines ara presentad fer a period 
tf 15 years (Baal, Swushlna data ara for a 69-year period* 
Ccnparlsca of the data fro« Etna Hill vith nearly araaa ipciicatas no 
ai^ilfic Act differences in the radiation end sunshine received, and It 
«y fee acansed that the data are also representative of 

Data for idnd, etuv depth, visibility, ely oonditiai, and 
ceiling height «era obtained item the O. S. Air Force wether station 
at Banscoo Air Force Base (elersticn 335 ft.) at Bedford, Massachusetts, 
17 ailes north of the Ceatcr (CGAF, 3951). These date vare obtained 
for periods of record varying frrai 5 to 11 years. Oeing to differences 
ia tcpograçíy, vógetattea, and land-eater relatixædhipa at the two 
sites, cose differences aast be inferred between ccoditions obeerved 
at Bedford and those occurring daring oorparable periods at Natick, 
particularly with respect to viaiMlity, sad wind speed and directim 
fteçu-nciss. Such differences presasabij would be snail with regard to 
visibility but aisxiificsnt with regard to «iud direction at lower vaL- 
ues of wind speed* 

b* Terparatare 

Mein tc-Tperatures (Fig. 18 and Table 1) In the Natick area 
are oodcraUly hiÿi in sramsr. July, the warœest cojth, bes a neon 
tCiT'p-arature of 70.o and nsaa daily Bgrisaa» and grininm^ teeporatures 
of c3.7°? ard 57.9°?.. rerpcctivsly, far the period 1929 to 1953* The 
Mchast tarperatare recorded in July was 101®?. The absolute revier». 
tegsrattí'« observed daring the entirs period of record was 103°P, x^- 

Sspteaber 1953. ®is Abadnte wir.ignM teaperature for July 
is 39°?m 

Tarrperatrrcs at cr above 90°? nay be eaQweted about 3 dey» 
in June, 6 days in July, 1* in Angsat, and 1 day each in Kay and Sep- 
taKber (Figs. 23 tbrorgh 27)* Tecperatures at or above CCr nonully 
occur about 16 dsys in June, 23* deys la July, and 20 days In August. 

Jainary la the coldest »oath. Tar the T-»Vy Cochituate 
•»ather stetioa, the mm January tasperatnre for the period 3929 to 
19?3 is 26.5°F, and the sean daily raininaa temperatiare, 15.0°F* The 
absolute dnigaa terpec-ature of -28°? has beep recorded in both Jacn- 
aiy and February, but not in the aane year. The man daily 
tesperaUure in January is 38»1°?, and the abeolxrie aaxljna, 70°F. 

Tcrperatures at or below freeaiag (32®F) may be expected « 
■raw than 25 days each «crth fren Teceaber throngh larch (Tigs* 19, 

13 



20, 21, and 30)* Temp«r*turoa at or balow 0°? normally occur on lesa 
than 1 day in November, 2 days in Deocrber,. li days each in January end 
February, and 1 day in I larch. 

Table I, Appendix, lists the standard deviations fro» the 
mean, sean daily Buudsncc, and mean daily minimum temperatures. The val¬ 
ues ps-o^itcJ iiAÍic¿tó tha variability of Icnycrot'orca ia ths ítíí. As 
is evidant fron the figures, the warmer months of the year have the least 
variability. This is especially true of September, which has standard de¬ 
viations of only 1.8F°, 1.6F°, and 2.3F° for the mean doily maximum, mean, 
and mean daily minimum tejaporatures, respectively, January, the month of 
greatest variability, has standard deviations of more than 5i° for the 
mean daily maximum, mean, and mean daily minimum temperatures. In other 
words, ionthly temperatures in January can be expected to be more than 
5F° above or below the main in 2 out of 3 years. 

c. Precipitation 

Tíre mean annual precipitation at tûe Laie Ccchituate station 
is h?.77 inches. On the average, precipitation is evunly distributed 
throughout the year (Fig. 31 and Ta We IT), 1!» mean precipitation for 
July and October, the driest months, is 3.36 inches} and for Karch and 
November, the wettest months, ¡4.68 and I4.76 inches, respectively. In sun-' 
mer, pr-ecipitation is generally associated with convective activity. It 
usually occurs in thunderstorms, and is of short duration hut relatively 
high intensity. Winter precipitation is usually of low intensity, but 
lasts fear periods of one to several days, and is most cotrcmly associated 
with the passage of slowly moving low pressure systems. 

The nazimum amount of precipitation received in one month at 
Lake Cochituate station was 15.35 inchas recorded in August} the mint- 
mum amount, O.Ui inch, occurred in October. The greatest amount in 21» 
hours, 6.50 inches, was recorded in September 1951», during a hurricane. 

The frequency of precipitation amounts (rain and water equiv¬ 
alent of snow) is shown in Figures 33 through Ui. In January, about J 
days may be expected to have 0.10 tech or rere, and 3 days 0,50 inch or 
more. In July, 0,10 inch or more may be expected on 6 days of the month, 
and 1.00 inch or more on 1 day. 

Monthly precipitation, and especially snowfall, varies con¬ 
siderably from year to year. In January, which has a mean precipitation 
of U.13 inches and a mean snowfall of 13.7 inches, the standard deviations 
are 1.72 and 10.2 inches, respectively. Valses for other months are shown 
in Table IT. 

Snowfall has been recorded in all months freo November through 
April, bat significant amounts may be expected only during Decesber, Jan¬ 
uary, February, end March} these months have average values of 8.2, 13.7, 
13.8, and 6.8 inches, respectively (FI;, 32 and Tables IH and IT). The 
greatest «count recorded in one month, Ii6,l inches, occurred in March 1956. 
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KSnOs «re usually liefet to aodorat« throa¿h th» ysar la tbs Bat. 
ar®**^ At Hans*» Air Fcrce Bu», viada of 25 *pfa or grratar ar« »cat 

woqueafc from Borcsbar tirrou^i April, with the maximal occTrrenca of abovt 
» in February (Fig. !i5, and Tablea 7, 71, and TO). Cala renditions pre- 

** 2J^ °f til0 ti"' i“ August, ibich has the greatest amount 
^»4.^*7" “I““'4“ * **** «&« «F aIaíiíU 13> aí um tins in March, the touch 
with least frequent cala conditions. Wind speeds of 75 mph or greater are 
experienced very infrequently^ they are usually associated with the passace 
of a hurricane. ^ 

e. Cloudiness 

late spring and early sttn&er (Hay, Jme, and July) hare the 
greatest anount of cloudy weither. At Hanacoa Air Force Base, darin* these 

SS“* ^ cIoim cover (Fig. ho and Table VU1). Low orercast sky conditions are 
li-ast frequent during the period fro* June through October, when only l?i 
to 2i> of the days hare this sky cover. Frca August thiwh At.il. ^prfrox- 
i®e"®ly one-quarter to one-third of the dsys are clear. 

Ceilings above ?,5C0 feet occur more than *0% of the ♦tie in all 
months, bat are East freqo-nt in swnaer (July, 71.7Í), January, with linM. 

elftest nimbar of days with ceilings 900 feet cr less. July, with 
7.9?, has the leant nosber of days with ceilings of 900 feet or less (Table 

f. Sunshine and Radiation 

The hours of possible daily sunshine vary daring the year frca 
a «daims» of «^oat 9 hours in Docaabar to a raxirraa ©f £3 hoa^ in June 
a« anoot cf sunshine actuallv received in each month is only about onel 
half ths hours possible (fig. i|7). 

_ RaÜJitien varies from a sdidnum daily average of 125 and 135 
^Vvfî1^17* during Decesiser and January, to raxbstr. values be. 

tween y30 and $i0 Langleys during Jun* and July (Fig. ¿8). 2» greatest 
reddy »«a values cf drily total solar and sky radiation occur from about 
the xiiddie of June to the riddle of July (Fig. Ii9). 

g. Tislbillty 

Visibility in the Batiok area is good. Visibilities cf 10 wiles 
or Bkjcr«t as recorded at Qanscon Air Fcrce Base, nanaally occur li3.0^ of 

”? 13081 Frequent restricted visibilities, 
îf1 rl\^ t..e tl-e in April, the nonth with the best visibility condi! 
tinos (Table VUI). The chief restrictives to visibility are feg and pre- 
einitaticn. Visibilities of one aile or lees are least frequeat in April 
and June (avenge occurrence, 2.9Í and 3.0* of the time, respectively). 
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h. Humidity 

Humidity data (Talüe X), obtained fron tho recorda of the Sig¬ 
nal Covpa Meteorological Tea« at the Center, aro for a period of only one •> 
year. Data for a longer period were available only from a a out ce dia tant £ 
from the Center, and are not included in the study, since it was expected " 
that the C«r*er, bordered on three sides by water, might have higher hu- b 
midities than Hanscom Air Force Base or Blue Hill Observatory. 

Mean monthly, maxiaun relative huaiditles are above 75Í during K 
all months. Due to the differences of the hours of observations (February 
through September observations were taken only from 0730 hours to 1930 5 
hoursj October through January observations were taken 2l* hours each day), I 
it is not possible to determina accurately the months having highest rel- t 
ativa humidities. During sursner especially, when observations did not be- L 
gin until 0730 hours, it is likely that maximum relative humidities oc~ | 
curred too early in the morning to hare been recorded. 1 

Minimum relative humidities usually occur in the early afternoon. 
and mean monthly minimums varied from a low value of bO.C# in Hay to a high' 
value of 57.9% in December. 

Additional data, covering a longer period, are required before 
reliable Information concerning the annual regime of relative humidity can 
be provided.. It is intended that a supplement to this report will be 
issued uhen sufficient humidity and other climatic data have been compiled 
at the weather station at the Center. 

b. Topography 

a. General 

The Natick area lies within the Seaboard Lowland of the Hew S 
England Province as defined by Fenneman (1538) • Although New Qigland was ™ 
glaciated several times, the landforms evidenced today were caused by the 
last glacier to cove- the region (an estimated 10,000 years ago), which 
aide destroyed most . ’idences of earlier glaciation. 

The surface character of the New England Province is described 
as follows by Wright (193ü)i 

"Huch of New England is a country of ancient, worn-down 
mountains, a land of extremely ccrplex rock structure. 
The ceaselec- forces of erosion have et<¡hed out a pat¬ 
tern of valleys below the general levels to which the 
mountains were reduced far back in geological times, 
and the complexity of relief reflects the complexity 
of the underlying rocks. The invasions and retreats 4 
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of the conMmntal loe eheets did »ach to acoenta- 
ete the dlTerslf led fju&ilty of the mrfaoe. 'So* 
Ice ecraped the earth and carried omy pieces cf 
rode fron connûtes Mllsldes) It dropped it» load 
In moraines, dondag stress snù ippoaoding the ma¬ 
tera in lakes and ponds. It turned rivera aside 
from their o]/er channels. It scattered boulders 
and tfravel fai* «mû «*1*1* atõ issltlsÿ «SttSTS Cältt«— 
cored along the ioe fronte In lakes, noc vanished. 
Cn the floors of these lakes, sand and mud were 
laid down, and these deposits todsy form little 
plains, often terraced by poet-glacial streems." 

The llatick area strongly refleets this Inflames of glacial 
activity. All concpicuous landforns in the area are either directly 
or indirectly the result of glaciers or their associated sdltmters, 
and subsequent action of the forces of erosion and weathering. Ground 
aoraine, or glacial till, ferns a stony santle over the bednx la 
nach of the region, end outvash plains are coanoo. Stones od tA sin¬ 
es nske agriculture difficult, end account for one of Ke« ßaglaad’s 
traditional landmarks - the etc» fence. Glacial errática brought fnm 
a distance ere ccczxr., but fca* trmj one of these there are thousands 
of stones derived úreas the local bedrock. 

The effects of glaciers in altering relief, reflected in the 
dnsslins, eskers, knobs and kettles, kases end terraces of various 
types, have probably been les« than their influence on drainage. &st 
lakes and ponds, toclodlng Lake Cochituate, ove their origin ts glaciers. 
Kacy have bscors swasps or asede». Others have be«a »edified by un 
through drainage or d/rasing. Streaa patterns end drainage are ccplai 
beciusi they have been «atliely refonasd. Usposition by glaciers forced 
atrevas to find new channels, and often no trace can be found of old 
channels. 

.-..- 

h-‘.' a 1 . 

i 

b. Quarteraaister R&S Center 

The (h^rtercostiir Research and Bjgjnewiaç Center Is located 
on a pitted cutwarfi plain iddch fonts a peninsula extending into Lake 
Cochitcate. This plain, vhich has an average elevation of 16$ feet ’ 
abers naan sea level, and about 30 feet above the lake eurfacs, is be- 
lisvad to be composed in large part of stratified drift, a sdxture of 
sand *ad gravel deposited by running «ater. Fits, or kettles, «ere 
ferrad «Lía ice rœannts, buried or partly buried in the drift, salted, 
and slurping took place. Mach of the site has been leveled and filled 
during construction, but at least one glacial pit can be seen in the 
woods directly north of the «atar tower. The pit is about 200 feet in 
diameter and 15 feet deep. 

The «est shore of th* peninsula, possibly a kane terrace, 
nay have been formd in the following samen during the retreat of 
the glaciers at the end of the Ice Age (Pleistocene), a large block 
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of Ico becam aoparated fíron 1h* niin glaci«r In tha area now occupied 
by Lake Cechltoate. This block of stagnant lea malted slowly, and a 
lake (Lake Cochltuate) was foimed letwoen the lea and accunolated do- 
posits around It. Sediments deposited by atraama flowing into the 
lake formed lacustrine beds. At a later data, when the ice vas com¬ 
pletely meltod and the surface of the lake had lowered, these beds of 
» ¿ m'. isti -iiñ VUAexl&j. CùllÀp00(I Ot'1 oltuypod. otlll later, 
these beds became visible, probably through the actions of weathering 
and erosion, and some may now be seen at places along the west Hnnks 
of the peninsula bordering Lake Cochituate. The steep bank, rising 2$ 
feet in places, exposes the horizontal beds of sedimentary material 
that fora the immediate substratum of the site upon which the Center 
is built. The too 1$ to 18 inches sonsists of soil cover snd wind-da- 
posited silt. Below is found about 10 feet of alluvial material, which 
grades from a medium uoarse «and to a gravelly cobble, and below this 
the remaining portion consists of silty lacustrine deposits. The depth 
to which these lacustrine beds extend below the lake level is not known. 

Lake Cochituate 

This lake, formed by the glacial processes described above, 
drains north into tha Sudbury River through Cochituate Brook. It has 
been considerably modified during the period of aattlerasnt. The orig¬ 
inal surface of the lake covered about ISO acres. This was increased 
to over (¡$0 acras whan the lake was converted to a reservoir of the wa¬ 
ter supply system for Boston. At present. Lake Cochituate is adminis¬ 
tered by the Massachusetts Department of Natural Resources and is no 
longer a part of the water supply svsteri. The surface area ¡L. now 591 
acres. The lake is approximately 3¾ miles long, and averages 22.6 feet 
in depth. Deeper parts of the middle and upper lake adjacent to the 
Center average 69,7 feet in depth. The lower lake, to the north, has 
7 or 8 aerea with depths of 70 feet, and one snail spot has a maxtaian 
depth of 80 feet (Department of Natural Resources, Comonwealth of Mass.. 
1S52). * 

The water of Lake Cochituate is slightly turbid, and visibil¬ 
ity is usually about 8 feet. The bottom is three-quarters muck and the 
remainder largely sand and rubble, liore than one-half of the shoreline 
is wooded, and there is relatively little aquatic vegetation. 

The source of water for Lake Cochituate is mainly subsurface 
springs. A. few streams, such as Beaverdan, Course, and Snake Brook 
flow into the lake but contribute little to the total volume*. * 

d. Soils 

Most of the soils of southern New England are derived from 

personal communication, from l!r. Carl Lydiard, Super Inte...lent of Lake 
Cochituate State Park, îîacsachusetts Department of Natural Resources. 



glacial Material'. Nearly all have b>«n podaslistd* ta som 'jagrta tad 
ara acidic* la tha oortharn parts of New Eogl^d tms polsdZs occur# 
bat in tha central and aoatiMtrn. parts of tba r^gioo (inclndijig Naaaa- 
cboaatts) aoat of th* soils ray bo classed as brean cr gray-barom pe&» 
tollo eolia. Ortrr-hepva pcxisol» bsr» a tidn nat of partly decayed 
loares over a rery tiiin dark grsyisb»broan hvEass-eissral soil* Thaos 
soils are developed under dseiduonos or Hired decldooos sad ccalferous 
..■»•¿sti iczjpsrstc g» 5-sj1"*.;i*~.*rrts husü rejisss* Hi * ' "* *■** Sssbä» 
ehoaetta, vbsre the forest corar is either adxsd {conif«rous-deeiän- 
cua) or predominantly deciduous« soils ere Xass add than those of tha 
true podida farther north. 

The uolla in the Natick reglen srs cT the douoester-Flyetnr'li 
isrodaticn (ÎSSA Te&fbook, 1^39)« «hieb is found widely scatter*« orar 
rolling land Area the Kaine coast to Cccnoctlcat* The Gloucester btries 
predominates in the Natick area. It deTalops under cool trap«rate con¬ 
ditions from parent materials of glacial till and ostwxah Batarlals, 
mainly from granite azd gjielss. Koch of the land eorsred by this associ¬ 
ation is very stony and forested, though there are musy areas of famed 
land and pastures. 

Where forested, Olcncester loca bas a surface covering of leaf 
sold about 1 inch thick. . This rests on dark-brown light losa« 1 or 2 
inches thick« which grads* into light-brown loam or heavy fine sandy 
losa which continuas dovnrrcrt* for 2 or 3 inches before it grades into 
the subsoil. In cleared areas the soil« to a depth of 6 or 8 indies« 
is dark-bream light loen or heavy fine sandy losa oaderlaid by yellow¬ 
ish-brewn, friable, aediuri-textured loan, it a depth of 18 or 20 ia- 
chas, the subsoil grades dowrvird into yellow, álightly ceaçaet loss or 
sandy loam. Some gravel, email stones, and boulders are scattered on 
the surface throughout the soil (Latinar and Leaphesr, 192!)). Ktnj 
of those loose stones are piled into faooos that surround the fields. 

5. Vegetation 

Natick lies within the northeastern hari&ood forest (Shants and 
Zon, 192li). The original conpositien of tbs stands has been consider¬ 
ably altered during a long period of aettlieaat. Trees within the Cen¬ 
ter are mostly second or later growth, with few, if any, exceeding 75 
years in age. The diversity of physical conditions gives rim to a cor¬ 
re spondirg variety in the character of the vegetation* 

During construction of the Center, a large percentage of the land 
was cleared, spread with silt topsoil, filled, and leveled. A few 

•Podsols' are soils having an organic mat and a very <*4n organls- 
mineral layer above a gray leashed layer which rests upon a dark- 
brewn layer into which the leached Material has been deposited 
(illuvial layer). It is developed under the coniferous or Mixed 
forest in a temperate to cold moist climate (USDA Yearbook, 3939)* 

■ I 

i 

19 



scattered trees and snail patches of woods were left as landscaping. 
Most of the cleared area not used for buildings and roads is seeded 
in lawn. A former gravel pit, north of the main part of the center, 
has been leveled, partly surfaced with asphalt, and the wide elopes 
planted in grass. 

The western edge of the peninsula and the land *outh of the Re¬ 
search Building and Climatic Research Laboratory still retain a nat- 
ur—^ CGVor, alwicogh ii* sc&ie plauctô ths cf 
shrubs has been cleared away (Fig. 16). This vegetation consists 
primarily of various species of oak, including black, «hita, and red 
oak. Other hardwoods scattered throughout the woods are red maple, 
American dm, and gray birch. Conifers are represented by a stand 
of white pine in tho low-lying area along the southwest shore of the 
peninsula, and by young white pines iuterupersed among the hardwoods. 
In addition to the >hite pines, a few pitch pines grow on the site. 
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Figure 16: Woods on western edge of peninsula. 

Note lack of undergrowth. 
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Most of the deciduous species lose their leaves in October or 
November, but the dry leaves of the white and black oak persist through 
the winter. Leafing out usually begins in early May, and is well ad¬ 
vanced by June. Pines lose some leaves (needles) in winter, but their 
greatest loss of old needles occurs in spring and fall, when new foli¬ 
age appears. 

The marshes along the shores of the eastern bay and along the ed¬ 
ges of the ruall pond to the north of Kansas Street consist largely of 
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Number of doys (or percent of days) »hen the doily precipt” 
fofion may be expected to be the indicated amount or grtal«r. 

£xomple¡ o.H inches or more precipifotion mcy be expected to 
occur 4.9 days during September lor approximately 17 
percent of the doys). 
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Numb«, of days (or p-trcsnt oi days) when the daily precipi~ 
lotion may be expected to be the indicated amount cr greottc 

Example: 0.11 inches o; more precipitation may be expected to 
occur S.5. days during November (or approxiinotel* IB 

of the ' percent days). 

Figure h3 

55 

V ^ 
■ -* > .'vr- wMsVO^'v, 

t*.. . m.- a 
rvr r». r«L.' •«: \i%. rr„ *-?«• . cviy'^y,. v>- .*V- trsT-rrr; 

V'l'W-l.'-'-v1,’*!'- .^ 

^¾¾¾¾¾¾^ 

^¾¾¾¾¾¾¾^ 
ÜçÂj '■■■i .y 

■ -• Hrt -J* w* S "fc- > > /- , ■'» . i \ % *„ *V «« <« » X 
•** **" .* " W * » ^ ' 

V'y'jP 
^ V . ■* . - „ * , - KS- 

.“►> / - y ’ - * ^ ‘^-v. * 

l h *" M 4 i,'**' ."V u' l«‘ L.*''''! ** ' ""m l,' 

mAáuAiMmém 
!""» mi,ii|¿iiy»i» p-^,.,. ■.. ^.. ^  t""»1*! * mi r ."■ yrm-rji'0flí 

y-> -v.-vyytfi 

i,irl‘lTwllfll,„.ii.ñ.rii‘',/ r.r • / V 
£ V ■ ■ 

'.w ‘ *)S "s ’**■ “ 
V- •.*• .> '-'i.i 

.‘ó^>vc. 
1 V ,> > * . • ,*■ >. % l ' . % i % "V "m v.P*a 

y» a a 

^•'•yvvVÍ'v^Vy.v/.^ ., *. ».• MJ1, ».1 . H -, 4 „** .4 fc.n - Jn J* .•» *4 4 . XJ» I 
O *•. P O * ' -.ni, *. -L " .. n J ,/ > *> _• *_» h_> >• > •’•Jw *> % 

:->‘y 

j* ' * ’ * ^ * "> * * * j» 
V- •>">-*-' ,1 • ..._í ¿ a. . ■?S>^lfc4 

>■* «** -*1 ■ 1 

i ,A'.vy. 
'j*, r *• ■■■> f h * sw,v> .Wl^ANi 

:^¾¾¾¾^ 
----1 V« 

...ÏÏ .A»_ä.a.: 

'"t":1 m.-"u'Kr 
J* «,k .*• r . jw h 7_h i 

< , »*„ V i • % ' - .1 % «L \ 1 . 

-1 
-- .'• . .% .ví*, 
•„* -.I <■„ K.1 -.1 

-VA 1;, 5* ' 

* * f-. ■. " " n f j» r », w M h* ta" 
Ü. -- -.-í « ■ K. -.1 »O A-l I 







m 

■f.,i 
i:- 

■">' "j- 

“<V 
x-*1 •c“ »• 

1 S' 

îTï 

Syiefcd (nph) 

Cain 

1-3 

li-12 

33-21* 

25-31 

32-UÓ 

Direction 

H 
:iH2 
HZ 
.EHE 
E 
ESE 
SE 
SSE 
S 
SSW ‘ 
Sã 
usa 
w 
\m 
ír.í 
inrj 
Cair. 

Total 

TABLE 7r TRBQTBSICT 0? CCCDRHSHCE OÛT VIRO SPEEDS 
(Percent of obaerratiooo) 

Hasacoi AFS 
Bedford^ Haas. 

Period of Records Fobw 1513 - Sept. 1953 

Jan Feb Har ipr Kay Jim Jul Aug Sep Oct Hoe Dee 

17.2 13.9 13.3 16.7 19.1 39.5 22.3 27.1 25.5 19.9 19.0 17.6 

3.6 6.0 U.9 3.8 6.0 7J 7.5 7t6 8.8 7.5 U» 5J 

50.8 1^.5 53.7 50.7 53.0 55.2 57.2 55.7 5^.0 52.9 52J 1*7.5 

25.1 25.8 25.0 2l*.9 20.8 17.7 12.9 9.5 H.. 18.U 22.5 25J 

2.5 U.0 2.7 23 ia 03 0.1 0.1 OJ IO U 

0.5 0.8 0.5 oj* 0.1 0.0 o.e 0.0 o.o 0.1 o3 0.7 

TABLE Tn* K135CEKCI OP GCC&RREKCSrCP ¥jHD D2PJ3CT3EHS 
(Percent of bbeerratione) 

Kanseom AFB 
Bedford. Mass. 

Period of Records Feb. 19h3 - Sept. 1953 

Jan Feb Ear Apr Kay Jm Jul Aig Se£ Oct Hoc Dee 

5’8 tí SA h.5 
U.3 3.7 
2.0 2.1 
1.3 1.6 
1.0 1.3 
1.2 2.0 
1.9 2.7 
3.2 3.0 
5.5 lw9 
6.8 6.9 
7.8 8.7 

10.8 9.1» 
9.3 11.1* 
9.1* 10.9 
7.3 7.0 

17.2 33.9 

5.0 
5.0 
li.1 
lt.2 
3.0 
2.5 
2J* 
2.8 
3.2 
6.8 
8.0 
7.3 
73 
8.1* 
7.6 
9.2 

13.3 

3.5 
3.6 
3.3 
3.7 
3.1 
3.5 
3.1* 
2.5 
3.2 
6.1 
8a 
7.0 
8.7 
9J» 
7.6 
6.6 

36.7 

2.5 2j* 
3.2 2.7 
13 3.0 
5.0 3.0 
U.6 2.8 
lu6 3.0 
ba ».o 
3J* 2.1* 
3.7 3.5 
6.9 10.2 
7.5 11.5 
7.7 31.6 
7.1* 7.8 
6.2 5.6 
5.2 3.8 
lull luO 

39.1 29.5 

2.2 2.9 
2.6 3,1» 
2.1* 3.3 
1.7 3.2 
2.0 2.6 
2.9- 2.7 
2.6 2.3 
2.9 2.3 
5.1 5.0 

na 7.6 
12Ji 9.9 
10.3 8.7 
7.6 6.9 
5.8 U.5 
3.0 3.8 
3.1 3.9 

220 27.1 

lu2 1*.3 
3.0 3.9 
lu2 5.3 
3.C 3.6 
2.1* 2.1 
2.5 1.8 
2.3 2.1* 
3.U 1.9 
5.6 luU 
7.3 7.0 
9.0 na 
6.2 8.7 
6.8 8.1* 
lu7 lt.9 
5.2 5.8 
1*.? 1*3 

25.5 19.9 

5.0 lu* 
3.7 3.7 
lw2 3.0 
2.7 ia 
2a 1.0 
1.8 ia 
1.6 ia 
2a 1.6 
lu3 ¿3 
6.2 3.9 
6.9 6.9 
6.7 10.7 

10.0 12.7 
7.9 ioa 
9.3 10.» 
6J* 7.0 

19.0 17.6 

obsv. 7,1*02 7,012 8,333 7,918 8,17? 7,918 8,1?8 8,181 7,909 7^30 7,160 7,1*37 
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TABLE ms 

Direction 

H 
KHE 
NE 
DIE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
¥ 
UNW 
NW 
NNW 

Cala 

FRíQDWCr OF CCCCíBiNCS OP WIND SPEEDS EST DIRECTION 
Hanscom AFD 
Bedford^ Masa* 

Period of Record: Feb. 'L9h3 - Sept. 15*53 

Percentage Frequency of Occurrence 

1-3 
2Ë1 

0.3 
0.3 
O.U 
0.3 
0.3 
0.2 
0.2 
0.3 
0.5 
0.5 
0.5 
0.5 
0.6 
0.1» 
0.1» 
0.3 

14-12 

2.8 
2.7 
2.6 
2.2 
1.8 
1.8 
1.9 
1.9 
3.0 
lt.9 
5.9 
5.1» 
5.5 
3.8 
3.6 
3.0 

13-21» 
r.ph 

0.9 
0.7 
0.7 
0.5 
0.3 
0.1» 
0.3 
0.3 
0.5 
1.5 
2.2 
2.1» 
2.1 
2.7 
2.U 
2.0 

25-31 
wph 

0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.2 
0.3 
0.1» 
0.1» 
0.2 
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32-16 
nph 

0.0 
O.G 
0.0 
O.C 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1. 
0.0 

-Total lo. of 
Observations 

Obs. a !» 

L.o 
3.7 
3.7 
3.0 
2.1» 
2.5 
2.1» 
2.5 
3.9 
7.0 
8.8 
8.5 
8.6 
7.3 
6.8 
5.6 

19.3 

3,718 
3,U»3 
3,1»82 
2,753 
2,255 
2,278 
2,225 
2,326 
3,632 
6,52b 
8,198 
7,652 
7,979 
6,791 
6,283 
5,208 

17,958 

Mean Wind 
Speed (tipfa) 

8.6 
9.1 
8.7 
8.7 
8.1 
8.6 
7.9 
8.0 
7.7 
9.5 

10.1 
10.5 
10.1» 
12.5 
12.6 
12.0 
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Tjj&z ii heir nmmi eazhok m khikik hsjuim hiwdjtt (in %f 

Quart«rmster liesaarch li Bagiacerl^ Center 
Kitidc, Meaudneette . 

(Period ci Eecorii Pfeh. !5<* - Jsb. 15^7) 

Month 

January 

Pehruary 

March 

April 

liay 

June 

July 

August 

Septe&ber 

JSëêA 
Maxim» 

9L2 

7U.k 

78Ji 

76a 

76.7 

76^ 

78.li 

78.5 

86.3 

October 97.1 

Mcrmiber 90ji 

Peceaber 96JL 

Mean 
Minim» 

1*6.6 

1*8.2 

16.5 

1*6.2 

1*0.0 

1)7.1 

50.6 

1)6.3 

53.6 

1)2.7 

1)7.5 

57.9 

«Dãtà for the uonths of February through September we obtained 
freo hourly obserratlons taken fren 0730 to 1930 each day. 
During these nenths it is probable that daily aaxirxa Taina 
occurred earlier than 0730 and as a result nean ncothly Talues 
are too lov. Ibis also «plains the higher values for October 
through January, nftes twenty-four hourly observations were taken. 
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D%p*riMat •( Um ***0 
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CoMMfytlAi CaTMT«! 
ffcU-l.lphU > U^A 
¿■«•-lü ä**tU 20U M. 

r*. 

OwM r4«A 

J» fool à CMHfclw UAlUt« 
Ul 9 Ti. Kar*»M«4 M. 
OtlMSfo, IlllaoU 

Ca—limita Cmoot^I 

>■*»., J* îr&Lel<< ¢-M«PÍ 
AtUti > Ubr*i7 
fl. U## nrgl»iM 

Ofm«r 
lUM Flel4 E«*1**U«I 

fl. Lm, VlriUl« 

fri^ l *1< l*r%irvM4nt 
»rt A-felterew *f U< 
te/loet, Ct.l* 

03 M, Trchnlcal ^rwertUtiv« 
DlrMiv>r«t« at lt*«r oMrrlea Der. 
220 «Miluv^an *t. 
MUM( Ummi 

J4 K«{.'r*ft«nletlra 
Ui Kruj át w4»r41.«llo« "irou^, Ut 
•»» 6j. uoN ice, »va 
.*-•>■ ïom, Rat) Tor k 

Cork «4 «A 
THo >:' ScikrI, fl» Lm, fo. 

Co—Mnfll m 3an«roI 
fro-itf^rk Ffeila 3’, f*. 
AlUti IA4T. SH*. (U) 

•**«., Amq Heetroail« frorlof GroucA 
A. ÁhAcmeo, Art *.«•* 

A*tj»i «rlotloB ft A*v*ar*ilo* i* &1 W(ik. 
Toei.. Lif«f«*Uca Ir. 

Uoput/ Ckiof for *totc--rolo0 

tui.'ar 
Are*.Io ï #t 

irtat.iar.Mi Co*m*j»¿ 

*f0 ^23, *o«ttU, M»ft, 

a»a*L ^7a/t 

Dof-rl/ Al of of 3 Uff for Lofftatic« 
CoportMol of Um Antf 
foef Uvftoo », C. C. 

O^mxr criof of 3t*/f for foroonaU 
U;-*rvMM of Um krag 
Muflida* JJ, B. C. 

&n«»i7 CkUf of avoff for Mill lory 
lVrr*ll«M, S^MrtMml of the* Aroy, 

MooOLd^Vm », B. C. 

Ouf of Leeoesc* ft BoooU^mcA 
DoportjMt* of UM Ai er 
WoM^niteO », ft. C. 

neun* *a.naa 

3 Ce—«Miar ^"oorol 
Tb« Cr^looor Coaler 
fl. ftolvoir, T». 

auf of 0r*i*»«o 
ftAMTUoni cu i*o Arar 
Moa*l»|t>«* », 0. C. 
Allai auf, ¡40 «1*. 

IlllllllZiftl I112 

aauea mai 

CoMlaof 
Aft irAoar f rorU« «N 
AfteniM», RorylMA 

ftyo. »AR, «MOO », Ó. L. 
(1 Bc.'l «otoñal. 1 tU% êm4 

aiof siroa cttu* 
IHroHMoA e€ Uw Acwf 

lUoOUflM ». ¢. Ce 
Altai Im. ft bm. Mo. 

ftl#ai Cor»« a«r. Uft. 
». W—iwUi. fl. 3. 

orneo a auf mt »«Iwmv« 
Bofortoent of tko Are« 
Tom.. »Ufl. T-7, OmwoUt 
ttMOlafltM ». ft. C. 
fttui fooo-r* ft ÛM. 64*. 

SO, Umoao*1 Cor»« 
Choa. A*dA<io«uol UW. 
ft/W CkMlMl Coaftar, NaiyUatf 
Altai lotfMlul Uhrorr 

auf aowwa ornear 
ftoporWMA of UM Arar 
1UA4. T-7, GrwvoiXjr folat 
WUUitoa », ». C. 
AMat loa. ft ftov. 14». 

Xrotogi« Air ( 
Orr%U ftf »oo. -ReOroeW 

Tbo UrrOM Cower U 
UrforLoom of UM Ar«r 
r.U Ro*y KUlft., Wea. 25, ft. C, 
(1-ftftB BU., UTWh LUftooa Off) 

auf, flotrltUa »tau 
AU Uro» le»—« Coate« 
Aerro-Aoa«a LaX 
Hrllftil foltorooa 41», flhéo 
Uta: Dr. flanj C. ftpao 

2101 Ca—iratUa ft-eu. WA1e»lea. ». I 
fttftae ftftrlMO ift. a« JP tftft 

We*A WtUiaa. •brwa 2. Ma 

TU A rood Torca* «Mieal UWarf 
7U ft íaáo»—t Aro., J. ». 

VoeMaclaa », ft. C 

Ca—aklH Officer 
ArOr Wk. toe. Uft., Vi. Im«, fty. 

Air ftooeordk A Booolop—k BUL 
Loar—a C. lUneoca fl«U 
ftacfsrd, Mea*. 
«i«: onon-a 

»ï «Mt «TW «WUrllao, I 
Jftwo laaABftrr. Mr, 

90, %%., KM Icol «otmlea LU. 
fltoelaoM Arar »aa^Uol 
Boom», Calocaft» 
(Wr. frtU— I 

EJt 

2 

AraM Toreo# taoUWta of ToUMl^y. 
Vooftlarloo », ». C. 

ko*a i 
lift ft Peo «ye «Ao ». «. 
HwM^loa », K C.* 

aief, A-mi Jar»eoo W«UU 
froocreeoM á«onry 

i* uro. ftl. , ^ Molra 1, ».f. 
Altai fre—^r Cffloor 

lUrUkt Wo. 1KBD ASI 

Dawrn^i* of Uw •— 
UoAUrtea », ». C. 
Akiai WS Uo. 

QoIIooUm ft Sle.oUWAow 
ay» * m., ». «. 

«oawUlaal^ X C 

aiof a Tron^ortotloa 
fieaoKawt ef IU 4-3# 
Tora «4i. T-7. rr<ntoiJy Valu. 
«MM^fUa », ». «. 

Wrvl WAWa Wooer* la*!* 
koiwwl W*a BU. Rao. Coa« 

c«—aíra Cfficor' 
TfkovTUlloa toé ft.ftov ( 
At fttelU, TO»’ 

ai of of toral Waoon 
•MOlMÛa A. R. C. 
AH. : !0fo AM9 

1 JTfVo ef TOotoftaU .torrar «a • 

‘ wu»ort.M x e. . 
uto* T«ah M« toa Î75«* aj«^. 

wtjRgTAi wo gaaaa 

awr. lar— oft ahftiw 
ftra«ra»Mft af 1W too# 
booraat-» », 0. X 
AAtai Cafte JJI 

» *• »>> »raarfta— «3 «u^trara HftHfty 
Wuu»-M Jft. X X 

1 C.8., «.*. rrailaratol 1 

VrraiéeU, 0i*#K Bou« «a. 1 
». Mil, OhU. 

a*.ef, torra, af W*. ft 3 
ter», of BW fe-r, too* ».XX 
ftnai Cafta 3» 

Vroo Moat, COftMK Work ■*. » 
A. uo*. «r. 

B—tor. *^. Wool flkft. Tau 
A «Um. Jhloo Ufto, Cjftxf. 

MU; Uto TU 

frort tom, BOto^C Weft W. ) 
ft. Ranal 0«. »to 

1 frooiamt, game »rar« go. ft 
ft. BlUo, Tana 

frealtoftl, CCftUC J 
ft. Jra«|, ». X 

auf, tor— ef town«» * ft 
ara orra ora of Uw Raor 
wralogloa 25. X X 
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