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8-Y OF GROUND-WATER DEVELOPMENT ZN ALASKA, 1950 

%B W p o ~  diacuesee pmaent  anb. posri-  
b l e  tuture ground--tar developments i n  r 
n m b e r  of l o a d l i t i e a  t b u g b o u t  the Tbm1tor-y 
of Alaaka. 8ube taa t l a l  developuent o f  gmund- 
water aupplder i e  tound only i n  Anchomge 
Palmer, am3 Pslrbanks. Blee-bere Pew .elis 
are present and p o s s i b i l i t i e s  of ground-miter 

.developlent b.v@ been almost e n t i r e l y  unex- 
plored. h q e  qunnt l t iea  of ound weter of 
good t o  poor quaUty are a r d g b l e  in exten- 
sive &Mas o f  Lntelmontane sonay f i l l  and 
saady g h o U l  depoalts .  lotwng ~ p e o i f i c  la 
h o r n  of possible y ie ld8 ln bard-rock a r e r s ,  
o r  i n  rocke of any kind i n  eoutheastem Alaska. 
Pemafrcet .%a a f e o t o r  t o  be d e a l t  wlth i n  
the  davelopmnt of ound-wtet  aupolles Ln 
man a o r t d e r l r  l o a E t i e a .  Mu& zem~Laa t o  
ha Lamed about the occurrenoe of ground 
later t b u $ h a u t  the Terr i torg ,  p o r t i a u l e ~ l y  
with refemnce to the neeUe of g r o d n ~  aomu- 
n i t i e a ,  m i l i t 8  establiahmant8, end eomo 
ue.8 of potaatl.l imu.tfia~ w t l r i * y .  

mraotre 

me pUrp08e of t h i e  r epor t  l a  t o  proaent 
the i n r a ~ m p t i o n  available on the  ground-wnter 
reaouroea of Abelca. The davelogment of well- 
water a u p p ~ i e s  In Alaeka 1 8  stl.11 I n  the  
prelimiaary etage and Fn only  three  places-* 
Anchorage, Palmer, end Fairbmke--bere w a l h  
beon oonetrustad to  an extent  comparable tio 
that In t he  msjor l ty  of c o m m i t l e a  I n  the 
eontinelktal United Stataa.  A f e w  references 
t o  a r i n g s  end wells i n  Alaaks a m  pmsent.in 
the fLterabure and recant ly  ~ e 0 o l d 8  o f  wells 
i n  Pairbsnke, h e r ,  and Anahorage h v e  b o e ~  
colleoted by the  Unsted S t a t e s  Oeologl Oal 
Survey. ?lo d i s c u e a l m  of ground-water d e v e l o p  
ment i n  Alaeka a8 a whole ex la t e .  It: La the 
purpasa o r  thls report ,  therefore,  t o  present 
a broad, genepal p i c tu re  of ground-rater 
conditions am t o  mention a ign t t ioan t  wall 
i ne tn l ) a t lons  t o  t h e  extent tbat tbese a r e  
h o r n ,  i n  order Club sqme ove-ell ldaA of 
the p o t e n t l e l l t i e e  and exLatlng developmeate 
may be a v a i h b l e  to  in t e res t ed  poreorla. 

Thls repor t  i e  not a complete inventory 
of a l l  minting wells i n  A l a s k s  but, oonolder- 
ing the very few rater-produolng wbll .8  in th8 
Ter r i to rp  outelde the th ree  rmaa mentioned, 
the dOta are thought t o  be d t i c i e n t  t o  be 
mpreaenta t ive .  

¶%I8 work mea done under the  s u p e ~ l 8 i o n  
of A. II. s a w ,  onlef, d d  Water Branah, 
Unts~ Resow008 Dlviaion, U . 8 .  Oeologi o a l  
Suwey . 

b e a  and eaoog 

e a t e m a t 1  o ground-water s-tudiee in  
Alaaka were begun by tho Oeologloal &.me 
Jb1y 1917 Uld hare been xontlnued a i soe  &kn 
time. Aa part of this study, and t o  6-0 
extent i n  oloae ooopsration with t h e  A l a s k a  
Department of Beelth, the w r i t e r  baa v l a l t e d  
and dia cueead m tor-aupply problem8 on the 
ground f n  the lar e r  coammitiea i n  eouth- 
eaetarn  Alaska, &%ng the G u l f  of Alaska, in 
t he  G n a i  Peninsula, and i n  $ha Anchorage- 
Matmuaka Velley arsa. In t he  l a t t e r  area and 
i n  the FaSrbtuUce nrea de ta i l ed  ground-sater 
s t u d i e s  have bean mde by the  Ground Water 
Branch of t he  Wetap Reaourcea M v l e l  on. Verp 
fern da ta  on the Copper a v e r  baain and the 
Upper Tantlna Valley have been obtained. The 
l i t e r a t u r e  has afforded a Pew Pacta about t h e  
hot springs e t  Olrcla and Manley. 8aa t t e red  

me"fC" r data  hgve bean col lec tad  on the  Yukon 
Val ey pmDer. Somewhat fuller information 
lraa obtalnod. dur ing v l a i t a  t o  KcOrath, Wak ,  
and Bethel on the fKuskokwim River &ere more 
wells e x i e  t o r  d r i l l i n g  of wella has been 
attempted. Data on t he  few w e l l a  ax la f i sg  at  
Home aod Eot~abue ere ava i l ab le .  

The data Tor the l o c a l i t i e s  and amae 
mentioned p ~ o v l d e ,  l o r  many placee, a reraon- 
ab le  b a s i s  from which conclusions may be 
dmwn regarding the  occurrence of ground 
water. FOP many o the r  places,  however data 
.&M extremely ma e r  OF Lacking eo t i r e iy ,  and 
tentative oonolusfonm made regalding ground- 
r a t e r  po ten t i a l s  Ln such placea a r e  developed 
by cornpariaon with other placaa I n  Alaska o r  
the  contingfital  United Staeee. The a r e a l  
desorlptionb g m a m l l y  mention the geology 
only t o  the  extent  of de l imi t ing area8 of bard 
rook and uaoonsoltdated sediments, with auggee- 
t i o n e  as t o  the o r l g i n  of the unoonsolideted 
~ e d i m e n t s  and t h e i r  s u s c e p t i b i l i t y  t o  develop- 
ment by matbr wella.  It is believed, however, 
that by avaluat i  f ac to r s  as t o  o r t l e ~  OP 
ma&nIt~Ie it 8 M 3 d  be pcaalble t o  deolde~, at 
l eaa t ,  a t  spbc i f i a  locatlona, whether gmund- 
r a t e r  exploration %a warranted. 

The w r l t e r  wlebee t o  express appreOf&tion 
t o  A.  3, A l C s r ,  d i r e c t o r  of the M v i ~ l o n  a t  
Sanitation and bngLneerlng, Alaaka abpartmont 
of Health, for  Ma a c t i v e  i n t e r e a t  ih ground- 
r a b e r  atudLas l a  the Ter r i to ry  and f o r  the  
facilities provided from time t o  time by 
paraomel Of his  department. 

?he a f f i o e  of the D l s t r i a t  Bngioeer 
Corpe of .Bngineerr, at  Fort  Ri cha-nfson, i laeka, 
furniahad the w r l t e r  recoTd8 on w e l h  i n  tbe  
Anohorage rreg ~d elserhere .  Record8 of 
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weUa r t  a i r  a t a t iona  of the Olv i l  Aermau- 
t l c a  Authori ty throughout the T e r r i t o r y  have 
beea extremely ueetul .  Via tor  Rivera of the 
Victor  Rivere. Rnginearlng 00. of Anohorage 
made ava i l ab le  reaorda of w e l l 8  i n  the 
Anchomge area. 

The Prany c i t i z e n e  in 0 0 m ~ t 1 i t i 8 a  v l e l t ed ,  
and d r i l l e r a '  $n Fairbonka,, Pqrser;  and 
Anchorage, Purnirrhea InPorma t i on  f resly and 
a m  hereby thaaked t o r  t h e i r  i n t e r n e t  and 
effarts. 

Data from a r epor t  by, Oharlea Turnbull, 
s a n i t a r i a n ,  Fairbanks M a t r l c t :  Alaska Depart- 
meat of Bealth on t h e  Yukon d v e r  end. many 
mleoell&eoue J a t a  pmvlded by L. Morley, 
eenior sani  t e r l a n ,  Anchorage Dirctrlct., have 
been incorporated i n  t h i s  .repor+. 

Bo ra te r -mp l y  development i n  A l n r h  
ehould b contemp fi tsd without t ak ing  ollraate, 
particularly tempelature, I n t o  coneidanttion. 
Not only should the e f f ec t  of long montba of 
b i t t e r  cold be coneidemd I n  r e l a t i o n  t o  well 
i n a t a l l a t 1  on, lakee,  s t r e a m .  and d ia t r lbu -  
t i o n  l inis  but the  l n a u l a t i a g  e f f e c t  of snow 
oover should also be takan i n t o  acoount. 
Conversely, the mildtlaae of aouthaaetern 
Alaska oa compared w i t h  moot of the Sta tea  i n  
the nor thern  United Btatea ahould be f i l l y  
recognized. 

The t a b l e  given below m e  campiled f m m  
Weather Bureau d a t e ,  

  able 1.--Climatological data at ssleobed' A l a a h n  s t a t l o n e  
, , 

a Juneau Airport .  
b Mean monthly temperature a b w e  freezing.  

I n  coarrtal a reee  in aoutheas1;ern Aleaka 
the weaMer Is mild but p reo ip l t a t ion ,  mostly 
pa m ~ n ,  i a  high. Although i n  some bommunt- 
t i e a  there  1s no monfh in ahlob the avarage 
m ~ n t h f ~ t e ~ p e z a t u r e  Is below f r ees1  tem- 
p e m t u r ~ e  below fr.esing m d  precip%tioo in 
t h e  form of snow a r e  oomon Ln winter.  Suoh 
f r eez ing  temperaturab a s  occur i n  Fktchikan 
i n  southeaetern Alaska will be more datrlmen- 
t e l  i n  f r eez ing  rater-aupply i n a t a l b t i o n e  
thah In  Petereburg, jus t  to the north,  which 
i s  s l i g h t l y  colder  b u t  *ere a heavier  'probeo- 
t i v e  anos cover nowal ly  exists. 

Kstahikan , 
Omig '  
b w ~ g e l l  
Petereburg 
S f tka 
Angoon 
Juneau 
b i n e a  
Pdmtst 
Cordova 
Valdee . 
Homer 
Kenai ' 

Anchorage 
Metanueka Val ley  
Wlkeetna 
Falr banks 
t4 enma 
&lane. 
Xoteebue 
Home 
Unalekleet 
MoCirath 
Anlak 
Bethel  
Pla tinurn , 

Sitka an4 Angoon W e  a n - l n t q a e t l n g  
cannpariaon, Sltka, on' t h e  western ahore of' 
b r a n o f  Island, is  mewed by t h e  Japanese 
ourrent  and b a a  l i t t l e  f reenlng weather, 

,'whereas a t  Angoon, i n  about the same l a t i t u d e  
b u t  farthe? eabt,  on + i ~ l t y  1s+d;', the , , 

~. . . 

leiol 
armual 

"7 
45.3 
46.3 
43.8 
42.6' 
43.9 
40.9 
42.2 
41.4 
40.11 
39.2 
35.8 
97.7 
33.4 
36.0 
35.2 
53.6 
28.1 
27.1 
e3.o 
20.3' 
25.0 
26.8 
26.5 
28.3 
29.6 
32.2 

Perlod In rMch . 
mean monthly temg- 

e ra tu re  16 below 
f r e e s i n g  

t bJ 
(bt 

b c .  t o  Jan. 
pea, t o  Feb. 

ib )  , 

Dec. t o  Pab. 
Dec. t o  ' Feb. 
0 .  t o  Feb . 
Dec. t o  Feb. 
l o v .  t o  Mar. 

' Hov. t o  , Mar. 
N w .  t o  Mar. 
Nov. t o  Apr. 
Uov. t o  Mar. 

, Nov t o  Mar. 
Nov. t o  Mar. 
Oot. t o  Apr. 
O c t .  , t o  Apr, 
oct.  t o  Apr. 
Oct. t o  Apr. 
Oct. t o  Apr. 
O c t .  t o  Apr. 
O a t .  t o -  Apr. 
0 .  t o  Apr. 
Oct. t o  Apr. 
Aov. t o  Apr.(?) 

mean temperature f o r  t h e  Deoembe~Febrmar~  
~ e r i o U  I s  below freezing.  S i tka  has & b o a t  
RB in. of prec ip i to t iop ,  Angoon about 49  in.  

Fa r the r  up t h e  coaat ea a t  Cordova and 
Valdea, the avemge annumi temperature is 
l o s e r  and the  period of f r e e e h  l a  longer, 
i n c l u d i w  lovember and Ulrch. he t o t a l  
p rec ip i t a t ion  is  not  much l e a s  but more of it 
OCCUrb BE 9nOWa 

Mean 
tempbratura 

o f  ooldest  -nth 
(PI 
33.1 
36.4 
80,l 
30.0 
32 .9 
28.4 
26.7 
26 4 
29 .O 
14.8 
19.3 
23.0 
1 E  .7 
11.6 
13.6 

9.6 
-10.7 . 

-7.6 
-11.0 
-7.7 

9.4  
-3.4 , 

-7.9 - .S 
5.8 

10-0 ' 

gem1 and Anchorage have oold wlntera 
w l t h  M &verage monthly Cempe~&twe q t  about 
12 F i n  t he  cokdeet month. Hem, away f rom.  
t h e  open ooetm, p rec tp l t a t ion  is  muob l e e s  
(about 16 in. annually a t  Anoh6ree;e) although 
the  ?ow .oovec 18 s t i l l  f a i r l y  h e e q .  

P g e h  nnd weat of t he  A h 8 h  t he  
avemge minuel bempem tu re  ia a h o a t  every- 

Coldest 
month 

G c .  
Dec. 
Jan. 
Jan. 
Jan. 
Peb. 
Peb. 
Jan. 
Jan. 
W b .  
Doc. 
Dec. 
Jan. 
Jan. 
Dec . 
Jan. ~~. 

. Jan. 
Jan . 
Jan. 

, Jan. 
Mnr. 
h a .  
h c .  
Deo . 
,Dec . 

Yean annual 
preoip i  tat i o n  

(inohea ) 

1EO .98 
110.64 

74.15 
107.61 
88.91 
49.42 
03.72 
57.14 
233.97 , 

95,49 
60.73 
29.03 
18.69 
14.65 
15.70 
30.48 
11.90 
11.36 
1 3  .87 
7.56 

17.26 
13.44 
19..67 
20.63 
18.24 
19.0 

1960 
emomfall 
(lnohes ) 

- - - - - -  
117.8 
106.4 
43.6 

Ill a 1 
a92 . l  . - -  
140 .8 
72.7 

124.1 
26.8 
47.7 
48.3 
31.8 
88.6 
81.2 
37.7 
48.9 
33 .J 
81.8. 
29.1 
65.6 
26.8 
35.4 
29.6 



*hers below 32 F and permafroat l a  present  
i n  the ground. In 'che i n t e r i o r  l o c a l i t i e e  
and on the  Arctia O c e a n  (as a t  Fairbanks and 
Xoteebue) t h e  avemge temperature i n  the cold- 
ee t  month i s  a s  low a q  -10 F, whemaa adjacent 
to  tho  Berlgg Sea (ea a t  Platinum and Bethel) 
the average tamperature i n  the coldeat  month 
i a  ae hl&h as 6 P t o  10 F. I n  the i n t e r i o r  
1ocalLtiea tba prea ip l t a t ion  i s  low, about 1 2  
Fn,, and the aountry may be considered a d -  
arid. Along the  Bering %a a t  Boma t he  t o t a l  
p rec ip i t a t ion  18 about 17 i n .  and on the 
Arcti0 Oaean a t  Kotsebue it i s  l e s s  than 8 in .  

OCCURRENCE OF GROUND WATER 

Oround rater--water i n  the  eone of 
eaturatioq--oaaura I n  voids such a s  cav i t i e s ,  
jolnb,a and othor f r e c t u m e ,  and pme spaces 
i n  various types of rock and s a t u r a t e s  t h e  
ground up t o  a va r l eb le  l e v e l  known ae  the  
water t;able, m e  e a r t h  juat  above the  water 
t a b l e  l a  more o r  l e e s  moistened by water 
dram up from the  zone of sa tu ra t ion  by 
molsouler att;raatlon ( c a p i l ~ a r ~ t ~ )  and i a  
knom as the oap i l l e ry  fr inge.  I n  clean 
gravel8 the f r inge  m y  be p r a c t i c a l l y  absent,  
but; In e S l t  OF blay Loem i t  may be a s  much a s  
8 f t  thiok.  

!he  eon8 of aerut ion (the eone between 
the land aurfece and t h e  zone of ea tu ra t lon )  
between ths oap i l l a ry  f r l n g e  and t h e  b e l t  of 
8011 moisture 8ont;ains very l i t t l e  water. 
A t  and near  t h e  eurface t h e  e a r t h  genera l ly  
oontslne a somewhat g r e a t e r  amount of water, 
snd thls eone l a  known aa t he  b e l t  of a o i l  
rno1atux-a. 

%haw tho zone of aaturratian lies a t  the  
aurfaae, t he  zone o f ,  ae ra t ion  is absent.  

Some of the water f a l l i n g  upon the earth 
perooletea in to  the  ground and accumulates i n  
tha eone of eaturntion.  From t he  place uhera 
i t  reaohee the w a t e r  Cable the gmund water 
tenda t;o movcr towaxl lower a l t ih rdea .  It m y  
oontlnue to  move undergmund u n t i l  it reaches 
tbe  sea dischnrge aa apringe a t  t h e  surface  
and a o n { ~ b u t e  t o  the  flow of  streams, be 
in taraegtad by wells, evaporated, o r  t rana-  
ptred. by vegetation.  

In aome places permeable beda eloping 
away from area8 of high gnuad are over l a in  
e t  lower e l t l t u d e e  by impermeable cspping 
beds auoh a a  o h y .  B a r e  r a t e r  entering t h e  
parmeable beda a t  h i  e r  a l t i t u d e s  mwea d o m  
d i p  but: cannot mad l  f? y migrate u p a d  o r  eacape 
from beneath bhe aonfining layer .  This water 
i e  W a r  hydraullo preeaurs tmd a d d  t o  be 
apteelan water. f t  w i l l  r l a e  i n  tightly cased 
w e l l 8  above tbe  top of the layer ,  and, w b r e  
t h e  lend ia Low,  the wel l  may Plor. 

A a lgn l f ioan t  f a c t o r  i n  Alaskan hgdmlogy 
i s  t h e  influam08 of gladal f lou r .  In much 
of Alaake south of the Yukon many s t r e m a  
oarrq glaoial  pock flour i n  suspension, In  
q u a n t l t i e t ~  m w l n g  from smal l  fo great. In 
most placea the  movment of  water from theae 

a t r e a m  t o  the  surrounding aqu i fe r  18 probab- 
l y  g r e a t l y  inhibited by the gmeenoe of thl8 
f l o u r .  I n  southeastern Alaaka thFs Peotor i s  
probably neg l ig ib le  beaouse r a i n f a l l  i a  high 
and t he  acljnaant water tabke i s  higher than 
the  streams, ao t h a t  ground water 18 8lmOst 
inva r i ab ly  migrating from the ground t o  the 
stream. However, In t he  Anohorage area and 
on t h e  northern flank of tbe  Alaaka Rewe-- 
areas  where r a i n f a l l  i s  moderate or lo*, the 
presence of g l a c i a l  f l o u r  may be of grea t  
impo~tance .  I n  theae  erees of lower r a i n f a l l  
l a rge  ai thdmwals f r o m  t he  ground must be re- 
plenlehsd by percolat2on of water from rela- 
t i v e l y  long dts tances  underground o r  by re-  
charga from l o c a l  etrsaate, originating In 
adjacent mountaine. Where the  stream am 
loaded with g l a c i a l  f l o u r  reoharge by the 
a t r e a m  w i l l  be conslders6lg l e e s  then Sf the 
streama were c lear ,  and In 8ome plsaea t h i d  
f a c t o r  may make the  d i f f e rehce  between s 
poss ib le  Lerge rater-supply deveropment and a 
small on&. 

P e m r r o s ~  

Iargs a reas  i n  A3eske e m  mderlain by 
p e r e m i s l l y  f rosen ground ren  ng wrdely i n  
distribution and thlokness. ? o the  nor th  tbe  
p e ~ m a f m s t  zone tends t o  be thick and contin- 
uous but to  the  aouth i t -  t u n s  and becomes 
more and more discontinuous and f i n a l l y  l a  
absent . 

Permafrost i s  an important conoidsratlon 
i n  deal ing with d e v e l a p ~ e n t  of gcomd water 
from s l l u v i a l  deposi ts .  &aept where v e n  
thick and continuously d i s t r ibu ted  i t  does not 
preclude the  acquiei  t i on  of ground-water 
supplies, f o r  Ln many places wlthin the perma- 
frost eone ground water olay be obtained from 
unfmzen ground beneath the  p e m l r o s t  or  i n  
thawed a reas  between ereae of f rozen  ground. 
Throughout the a rea  nor th  and weet of the  
Alaska Range, pemaf ras t  18 genardly  pweent  
.in thickness great  enough to  be ooneidered a 
raal f a c t o r  end i t s  habi t  should be apgreaiated 
when well  e i t e a  a r e  choeen. ThLckne8ees o f  ae 
much aa  200 it a r e  preaent beneath t h e  vel ley 
f la ts  i n  the v i c i n i t y  of Pairbanks but the  
lpermsfmat I s  by no meana contlnuoos. In the  
v i c i n i t y  of major a t r e o m  ~ n d  r iver8 perma- 
f r o s t  i s  ordCnaFL1y absent p a r t i a u l e r l y  on 
the  "sl ip-off" side of a siream meander, but 
frozen ground may be dloae beneath t h e  surfaoe 
nea r  a s teep "cut-bank." Rovever, hare, and 
t o  some dsgree elsewhere near  the  stream, the  
p e m a f m a t  may be th in ,  or a t  l o a s t  oonsider- 
a b l y  th inne r  than t h e  mxlrum. I n  a t i l l  fewor 
places half  a mile o r  more d i s t a n t  from the 
stream, penaefmat  ie a lao  absent,  apparently 
i n  s r a l e s  nmdclng recent ly  abandoned stream 
channels. 

I n  t h e  Yukon F l a t s  abovb Rampart along 
t h e  Koyukuk and in  t b o  ~s lawik-~obuk-boatak 
drafnage area ,  p e n n a f m ~ t  may b4 exwcted t o  
be more aontinuoua near major streama, nnd i t  
W i l l  exband t o  g r e a t e r  depthe end may indead 
al imins te  large  a l l u v i a l  areerr a s  eourcea of 
water supply, e i t h e r  becauee Lta t;hickneae 
i s  such as t o  require  wells  200 to  400 Pt 
deap or because the alluvium 18 frozen sl l  the 
vaT & o m  t o  bedrock. 

North of the  Brooks Range perm~f roat  ex- 
tends many hundreds af f e e t  b e h a  the  surfaoe 
and develoment of ground-water suppl ies  



probably i a  Impractical, except poaribiy i n  
t h e  o i o l n i t y  of the Colvi l le  River. 

Drilling i n  pemvlfroat by the  a b l e - t o o l  
method genera l ly  requirea no spec ia l  tech- 
niques; In  f ao t ,  f rozen aand and s i l k  s tands  
well  i n  contmet  t o  the a d e  material  where 
thawed. X t  m y  be necessary tba t  casing 
f o l l o r  t h e  hole,  harrwer, i n  order t o  shut off  
thawed running eend o r  s i l t  & a  soon ae  it 1s 
penetrated and t o  pmvent undue oaring a s  the  
hole beaomea ram during drilling operations. 
FTee~ ing  of the  carring t o  the  wal ls  d u d n g  
the  course of d ~ L l l b g  geneml ly  w i l l  n o t  
occur except wbere the p e m f r o a t  11 verg 
th l ck  (and therefore  eevel-al degraee be lo r  
Preeeing temperature) or  *en the  jab i e  
i n t e r r u p t 4  by period8 of idleneae. 

A produotlve well obtalnlng water .from 
beneath the  permafrost w i l l  not f reeze  i f  the 
wel l  1s pumped regular ly .  I n  pedods  of 
idleneaa i c e  rlll c o l l e c t  on the inelfie of 
the  eaalng and eventual ly  plug it  en t i r e ly .  
When this happane, in t roduct ton of' hot  r a t e r ,  
steam, o r  even p la in  s a l t  m y  be neoeasary t o  
thaw out the  well. 

T h i o ~ s e b e a  of permefroet g r e a t e r  than 
150 f t  have been successfully penetrated by 
2-inch-dlameter dr iven wella using n oone- 
ehaped dr lve  heed, above whlah are )-inch 
perSoratlone, and through whlch Q &inch %haw 
l h e  project6 as much as 18 in .  The thaw l i n e  
de l ivs ra  water a t  a temperature of SS F t o  
40 F, wbich melt8 out s u f f i c i e n t  erea t o  per- 
mit t he  i n t a n n i t t e n t  d r iv ing  of the  &inch . 
pipe. A t  shtillow deptha a $ k i l l e d  d r i l l e r  
can make SO t o  40 f t  i n  a day but below 80 t o  
100 f t  driv lng  13 much slower end aa l i t t l e  as 
1 or 2 f t  a day may be driven.  

. Shallow wells  dug i n  the a u r f i o i a l  and 
genenally h igh ly  organic mater ia l  above t he  
pe lmaf~oe t  40 supply a small amount of poor- 
t a s t i n g  water but these  wella deereaea p e a t -  
l y  i n  yleld o r  f reeze  2n the  wlntez. I n  same 
plaaea p e m f  r o s t  bas recede4 10 St o r  more 
beoauae of construction of buildlngs o r  
stripping of the i n s u l a t i n g  ground cover and 
In such, pleoos where the  ground l a  sandy 
moderate yea+mund supplies have been obtain- 
ed. 

DBSCRIPTION OF' AREA8 

To cheraoter ize  the geology and topography 
of an @ma one-f i f th  the  e i t s  of the conti-  
n e a t a l  Unlted S t a t e s  ln a re le t lve l 'y  few 
paragraphs is  en ambltioua taek end ae such 
w i l l  not be attempted here. Inetead, cel.tain 
groaa tea turea  w i l l  be pointed out which 
conves Cbe general  background neoessary to  an 
appreciation of ground-water-apply condi- 
t ione.  

-Water supdl ies  i n  Alaeka will be sought 
I c  (a) rug ed hod-rock raagea of high re- 
l i s f  o r  (b7 In broad intermontane oel leys  
f i l l e d  with ypung unconsolida bed aedhen t s .  
The hard-rook ereaa where, I n  time, develop- 
ments w i l l  take, place are  almoet e n t i ~ e l y  ln 
8ouGheaatem Alnska and perhaps i n  some places 
In  the Aleutian chain. Almoet everywhere 
e l s e  water dl1 be sought i n  unconaolidafed 

g l a c i a l ,  f l u v i a t i l e ,  o r  gYnciofluvia1 ~ e d l -  
menta of Pleistocene slid Recent age i n  the 
va l l ey  f loo ra  and in most places milee d i s t a n t  
horn the  contlguow mountein rangee. I n  a 
Per p h m s  narrow stream-bad o r  g l a o i a l d e -  
po8ita st higher s l t i t u d e 8  nlthin the  mountsins 
or  f o o t h i l l s  w i l l  be oonsidered for'wel). devel- 
opment. Sand e p i t s  and Bandy b e a d s  d o n 8  
the  sea w l l l  offer possibilities of f i n l a b -  
 in^ small aupplies i n  eomo placsa. 

Wlthin t h i s  somewbet overaimplif l e d  
framework of poaeible ground-water envlron- 
ments a r e  e myriad of geologic and hydrologia 
oondit ions whlch must be understood before 

z ound-rater development8 a r e  contemplated. 
ny of these  f e a t w e e  w i l l  be elaborated 

upon ln t he  more de ta i l ad  descr lp t ions  of 
a reas  considered below A 

Southeastern Alaska extends as a nerrow 
s t r i p  along the  Paoifio Ocean from a point  a 
s h o r t  d is tance  northwest of Yakutat, where I t  
join8 the  " I n t e ~ l o r  %outheastward POT about 
500 miles t o  a l i t t i e  eouth of Ketchikm them 
t he  Oanadlan boundary m e  approx imate ly  e a s t  
and weat. Prinoe Rupert, B r l t i s h  CoLurmbia, 
l i e s  e ahor t  dlatenae t o  the south. 

The area l a  m d e  up  of a coaeta l  s t r i p  
ldjolning Canada, seveml  l a rge  out lg in$~ 
ielnnda, and thousands of smaller  is landa.  
Most of the i s l ands  a r e  i n  t h e  aouthom two- 
th i rda  of t h e  strip and, M t h  slmibr Cmedian 
i 3 l p n d ~  down the  ooae;, enclose the well  
knom "Inside Paesage waterway from S e a t t l e  
t o  Juneau and Skagway. The l a rge r  outer  
i s l ands  i n  Alaskan watara, beginning a t  the  
north, a r e  Chiehagof Zahnd (west of Juneau), 
Daranof Island (on rhloh Si tka  i s  a i t u ~ t e d ) ,  
and Prince of Walea ZalanB.  admiralty Island 
31ee southwest o f  Junesu, between the  W o h -  
gor and Baranof Ie lands  and th8 mainland. Xn 
the extreme aouthweat, ae noted, Prlnoe of 
Wales Is land ia t he  large outer island,  and 
Revlllagigedo Ialand,  on which Ketchikon 18 
s i tua ted ,  i s  the t h i r d  of t h e  large  inner 

. ialanda.  

, doutheastem A h e k a  may be thou t of &a P a rugged hard-rook region of high re ief con- 
s i s t i n g  of many lacge and mall i s lands  and e 
t y p i c a l l y  indented oooet-line area. The roake 
renge uldely i n  ccmpoaitlon and conaiat  Of 
igneous, metamorphic 'and sedlmenta tgpea 
ran ing i n  age from balsozoic t o  re3r.w 
(Bukllngton and Chapin, 1829, pl. I). 

It is  impoptant t o  note that i n  south- 
eas tern  Alaska unoonaol1Gated stream and 
g l a c i a l  d ipos i t e  a r e  very aparaely d i e  trlbu- 
Ced. Southeastern Alaska i a  a typ ioa l  
drowned seacoast ,  and stream-bed deposit$,  
glaoial-outwasb plains,  and many of the  long 
valleys charac.ter1atic of a region stcongly 
dieeected by s t r e a m  and fu r the r  deepened by 

l a c i a l  eroalon now 116 below sea l eve l .  h ue many pound-water developments I n  aouth- 
eeetsrp A h a k a  -511 neoessar i ly  depend on 
obtaining water from one of a v a r i e t y  of herU 
roakn and, i n  general , ,  low y ie lds  may be  ex- 
pected. %rther ,  enaroachment of aea waber 
commonly may be a problem. Unconeolidntsd 
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asdhante  a r e  not e n t i r e 1  y lacking, however, 
a8 f o r  example t h e  outwash p la in  of t h e  
Yendenhall Glacier  neap Juneau and, r a the r  
mx-ely ,~dspoai ts  along etresm beds trnveraing 
gently s loping Land. It l a  tbought that 
thaae ahould be axplorsd f lmt  wherever 
poasible because hard-rock r e l l a ,  i n  general, 
bnvo rat he^ low ylelda and reaul ta  o f  d r i l l i n g  
them are unpredictable. 

Sn many places i n  southeastern Alaska 
wave-out benches occur, those from 30 t o  100 
ft above eea level be- well  deve lopdsa  f a r  
as the w r i t e r  ha8 observed. Them are mantlaa 
by reworked g l a a i a l  till In plaoas  and i n  
fever  places the  t e r r aces  am mode up i n  part 
of reworked till. Such matella1 nny be s u i t -  
a b l e  f o r  small pound- ra t e r  developments In 
80m6 p u c e 8  . 

A t  Skagway the  canyon Is f loored by 
td.luvlal deposi ts  of apparently high perme- 
a b l l l t y ,  and unconsolidated sediments of 
Quatennry age a r e  present a t  Rainea. How- 
e v e r ,  theee occurrences ehould be thought of 
as somehat  axceptional vhen t h e  provlnce as 
a whole l a  evaluated. 

Ketchlknn l i e s  on RevllLa~lgedo Island 
along Tongasa Narrows, e a s t  of Prlnoe of Wales 
'Leland. It l a  the s o u t b e m o s t  major Alaskan 
o o l r m ~ l t y  and I s  an  act ive ,  t h r tv lng  oomuni- 
ty ,  having in 1948 a population of 6 000. 
The main indtaatrles are r iehlng and lumbering. 

Tbe c i t y  of Ketchlkan LY located  l n  p a r t  
along a very narrow, low t e r m o e  en the sea  
and, as tat Juneau, lncreseee  In population 
thmugb the years  heve l e d  t o  loca t ion  of  
homes on the  high elopes above the buslnesa 
area. The c i t y  obtaina Its  r a t e r  supply (and 
hydmelec t r i c  power) from a se f i eo  o f  mauntaln 
lakeg t o  the southeast ,  There was no water- 
a u p p l y  problem there  a t  the time of the 
arl t e r ' ~  visit i n  the f a l l  of 1948. 

Mountain Point 

Yountain Point l i e s  sloag a rocky coas t  
10 miles aoutheest of getobiken and 18 a 
comunLty of about 125 persona. Near the 
oenter of the  c o m u n i t y ,  homes &re concentra- 
ted  along a small Pla t  area about 100 ft abwe 
3ea level ,  but elsewhere 8-11 hornee ere found 
along the  beach o r  c l i q l n g  t o  the preclpltoua 
h i  l l a idsa  . 

The comrrrrmity I s  a growing rea lden t i a l  
area gad is connected with Ketabiknn by high- 
my- 

P$olom.--The a rea  l a  underj.alo by hard 
rock w th l i t t l e ,  i f  any, e l l w l a l  aover. 
Tbe bedrock l a  clesfied a3 greenstone volcanlcs 
o f  Jumcrsic o r  Cretaceoue age (Eluddlngton and 
Cbnpin, 1929, pl . 2 )  . 

Water suu~ly.--Tne g rea te r  pa r t  of the 
community l a  semed  by a small r e a a m o i r  
builC on a creek above t h e  v i l b g a .  It Ls 

now ballevod that shortage8 rill result wlth 
modemte lnoreeaea i n  population. Further, 
several out ly ing homes tha t  a r e  d e f i n i t e l y  a 
part of tbe Mountain Point c o m m l t y  ere not 
supplied from t h i e  source becauae of the ox- 
pende of installing a long pipellna to  theae 
homer. 

I n  the type of mck present,  d . r i l l sd  
wells w i l l  obtain water from random fia8urea 
i n  the rook, but nothing indicates that ylelda 
dl1 be Zar~e. O n  t h e  o ther  hmk3, if the coat 
of increasing the aurface-water eupp ly  Is 
g rea t ,  1 t would be worth whlle to  aonaidar 
obtaining the  moderilte amount8 of water 
needed f ram welle. Becauee no additional 
stream aupplles a r e  readi ly  evallable,  It i s  
believed tha t  a separate aupply fo? t he  now 
"etaahedw southwest end of t h e  e m u n i t y  
might be moat etonomically provided by uel le ,  
e s s u d n g  tha t  moderate yields are  obtainable. 

Waaker Cove l i e s  along the  shorn 5 miles 
northwest of Ketchikan. Although only e few 
homen a r e  located there  now, it may be th6 
a i t e  of a l a rge  pulp m i l l  i n  the  near fu ture .  
The m i l l  would provide its own water and 
hydroelec t r ic  paver from somewhat d i s t a n t  
streenw- 

Whlpple Creek 

The Whlpple Creek a rea  l l e s  along the 
coant 8 miles northwest of KetchFkan and 3 
m ~ l a s  nor threat  of Wecker. It waa v i s i t 6 d  
b r l e f l p  on December 2, 1948. TnSe area ie 
now uninhabited except f o r  a few aabins along 
t h e  ahore end a Civil Aeronautics Authority 
s t a t i o n  a t  We f a r  end. Bowever, hind wes 
then I n  the  prooess of being releesed f o r  
homes t en& ng . 

The area ,  according t o  plane, is  l a i d  
out i n  -Tour tiere of p l o t s  along the ooaet. 
The f i r a t  t i e r  w i l l  be c l i f f y  beaoh-front 
p3ot.s~ the  o ther  t i e r s  w i l l  be on ground 
r i s i n g  gradually from l e s s  than 50 t a  about 
100 fX above sea l eve l .  Beyond t h e  homeatead 
area t h e  ground c o a t h u e s  t o  rise gmdualLy 
t o  tbe  base of low rounded mountalna mope 
tban a mile eway. Whlpple Creek traveraee 
the  eoutbaast port ion of the  area .  I n  aon- 
t r a a t  t o  many streams in southeastern Alaska, 
t h i s  atream ha8 o low grade and i s  flanked by 
"grevelW bare i n  plaaea. 

.--The a rea  1s underlain by hard 
rook %%h a l o w  k c h e r  of a I l W u m  18 
preeent.  The bedrock adjacent t o  Wlppla  
Creek l a  w01omio greenstone a f  J u r a e ~ i o  or  
Cretaaeoua age, and farther up the coast  the 
rock l a  e l a t e  with in ter layered sendatone of 
T r L ~ o e i a  age (BYddlngton and Chapin, 1929, 
p l .  2) .  

%tar 1 .--When e cammubity i s  aa- 
tabllahed an%%orporated L t  may prove moat 
l o g i c a l  t o  dam Whipple Creek and u8e it aa a 
sourae of supply, Kowever, during the forma- 
t i v e ,  yeare as sett lement progresses, most ro-  
s identa w i l l  be without a water supply unleas 
individual wells a r e  constructed. X n b l o i d u d  



we11 euppl iea  rill  furnfah only a parc ia1  
enswer t o  the  problem, becauee pr ivate  sewage 
a58 osal by cesspools i n  hard f i s su red   oak 
w l l !  a h a t  s e r t e f n l y  lead t o  l o o a l  contemine- 
t l on  of the  pound-water aupply. 

No sSmple and lnexpensivb eolut ion ap- 
pears for the  water-supply p~oblem there.  
The beet aolution might be f o r  emell @ups 
Of reaidenta t o  Mil 88118 on higher  ground 
t o  fu rn i sh  water t o  m e  on lowel- ground. 
TO avoid pol lu t ing the ground-rater eupply 
t h e  r e s iden t s  high on the s lope  would.have t o  
i n s t a l l  pipe l inee  t o  lead t h e i r  samge off 
a t  l e a s t  severa l  hundred f e e t  do- d o p e .  
Even t h l e  plan has its h p r a o t i o e l  aepeot 
becausa the  nature  of t h e  ground 1e such that 
burying both water and sewer pi pea eu r r l c l en t -  
ly t o  prevent f reezing would be vary expen- 
8 1 ~ 4 ,  even though the climate there 18 r a t h e r  
mild . 

Tho most l i k e l y  eventual aolution,  utL11- 
eation of WNpple Creek, would be unfavorable 
t o  t h e  extent  t h a t  g rav i ty  feed probably 
would not be poaaible because the atream flows 
through low ground. The aanlt.org qua l i ty  of 
the wnter ooula be Lmproved by drawing the 
water from wel ls  i n  sandy beds adJaoant t o  
tho areek. Percolation of the  s t r e a m , r a t e r  
through the  sandy beds t o  the  wells  ehould do 
much to  clear up t h e  contamination tbnt  un- 
doubt& w i l l  r eeu l t  from sett lement i n  the  
materehei. 

When the pulp m i l l  is as t ab l i eb id  i t  i s  
l og loa l  t o  expect t h a t  many of the m i i l ,  work- 
ere w i l l  immediately take  up ava i l ab le  land  
i n  the Whigple Creek a rea  and the weter-supply 
(and sewage-disposal) problem w i l l  beaome 
aoute shortly thereaf ter .  

Prlnce of %lea Island 

Prince of Wales Island, on ahloh Rydaburg, 
Craig, and Xbwak are e i tua ted ,  13 the l a r g e  
aouthenunost outer  ie land i n  southeastern 
Alaska weat of Ketchikan. S t  extends from 
the  ~ ~ i i e m a t l o n a l  bundarg  (whlch m eas t -  
west) northwsrd f o r  a d i e t m a o  of about 120 
milee. On the  east ie Clarence S t r a l t ,  one 
of the dominant north-aouth waterwsye of tho 
Snetda Paesage. O n  the west  a few swll 
i a h n d a  11e between Prince of Wales l e l a n d  
and t h e  PaciPie Ocean. 

Elflaburg i s  on the aouthwssten  a t d a ' o f  
Prinoe of %Pales Island, about 30 milea north 
of the  i l l t e rna t ioaa l  b~undary ,  east ,of the 
smnlk SuWman Is land from wbich it i s  aeparht- 
ed by the Sukkwan Marrors. It l a  an Indian 
f iebing v i l l age  having about 400 inhabitants.  
Idany small poser boats a r e  owned by loan1 
inhabi tente .  A community-owned Cannery, 
recent ly  destroyed by f ipe ,  i a  nos being re- 
built;. A modern achool i s  malnteined i n  the  
v i l l age  by the Alaska Native Servlae. 

The town is served by one a i r l i n e  whi ah 
c a l l a  dai ly ,  weakher p e d t t l n g  ualn(l two- 
or one-engine seaplanes. Mail-&oat ssrvloe  
l a  lea* frequent. 

The w r i t e r  vLsited Bydaburg on December 6 
and 7, l 9 M .  The r e se rvo i r  from which t h e  
t o m  obta ins  Its meter oupply was v i s l t e d  
with Floyd Russel, .the soh001 principal, and 
Mr. O r a n t ,  ao t lng f o r  Mayor Charles. 

Torrom .--The v i l l age  i s  on a rack-out 
bench a t  th%ool of n mounteln end extend8 
northwest-southeaet along the shore. A t  the 
northwest end of the  v i l l age  t h e  bench wldena, 
and r o l l i n g  ground, pmbably l e s s  than 100 , 

f t  above aea l e v e l ,  extends Inland a mile or . 
so.  A la rge  stream flows out oP the h i l l a ,  
c rosses  bbie  are@ of low ground, and dis- 
charges tbtough the viUage pmper.  

Geo lo~ . - -The  wok orapptng out i n  the 
v i l l a g e  l a  black limestone. Along the  t r a i l  
t o  the dam an alluvial cover i s  present i n  
which limestone fragments were noted. AB 
'the dam ie approeched the  ground r i s e s  aharply 
abave the  bench land and the dam i t s e l f  i a  
s e t  i n  granl te .  m e  Hwburg area is uuder- 
l a i n  by rocks of Devonian age, l a rge ly  
graywacke, mrqlomerate, alate, limestane and 
arrsociated volcenice (Buddington and Chapin, 
1929, pl. 1) .  

Natar -.--The t o m  is aupplied by 
water *ma e reservoir with a wooden dam, 
about 9,300 f t  dlstant. Wood-stave pipes 
br ing the water Prom the dam t o  the  v i  llage 
d i s t r l b u t l o n  4 atem. The supply has been 
ample but d1f f fcu l t i ee  with lor pressure hevs 
been experienaad, h large p a r t  owlng t o  the 
wasting of wnter t o  prevent poorly burled 
d le t r ibu t lon  l i n e s  from Preezing. A i r  l o a e  
i n  fhe  main lFno f r o m  the dam m y  havs ~ b o  
contrlbu06d t o  the  d i r f i c u l t y .  

Tam o f f l c i a l d  hevo considered miah& 
t he  dam 8 f t ,  end davelopLng am11  amounts 
of hydroeleot r la  power. Stream-flow measure- 
ments would be naoaaaarg t o  ind ica te  the  
desirability of thia kction.  

According t o  A. k k o r ,  d l s t r l c t  s an i t a r i an  
of the  A l a s b  Doperbent of Health, the water 
eupply I8 c o n t m i m t e d  from time t o  time end 
mqui r sa  chlor inat ion.  

Wster-supply problama a t  Elydaburg appear 
t o  be those of distribution. Improvement of 
e x i s t i n g  f a o i l i t l e e  1s needed r a t h e r  than a 
aource of add i t ione l  mker .  

Craig 

Craig l i e s  about 25 a l e s  north-northwest 
of Eydaburg, on an i s l and  a t  t he  western side 
of Prince of wales Xalend. A group of very  
small l s l ande  l i e  batween Craig and the  Paoiflo 
Ocean. 

Cmi i e  eldo a f i s h i n g  v i l l age ,  having 
about 508 Inhabitants, many of *om a r e  M- 
t i v e s .  A large omaery a t  Craig owned by 
Libby, YeNeLl and Libby employs a f e w ~ l o o a l  
laborers.  Several power f i s h i n g  boate are 
owned by 10081 reaidante a d  e amall sawmill 
l a  in .oparatlon. A modern 8&ool l a  main- 
ta ined by t h e  T e n ' i t o ~ y  of ALaska. 

The town i n  s e w e d  by one airline which 
c e l l s  d a i l y  renther  p e m l t t i n g .  mil-boat 
ee.rvice i s  iesa frequent.  
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The w r i t e r  visited Cmig on baoember 3 
an4 4 ,  1948. 

To~oara&q.--The vi l lage i a  on an ialond 
about 2,300 ft long extending eas t -me t .  
Throughout moat of i t s  length t h e  182fmd Ls 
about 1,600 ft wlde, but  a narrow area near 
t he  eea t  end La only 800 ft wide. The islsnd 
rises gradually t o  a height o f  150 f t  above 
aea l e v e l  a l i t t l e  west of the  oenter.  

Immediately eaet of Craig Le another b u t  
smaller  Is land that separa tes  C r s i  from the  
k l n l a n d u  (Prince of Welee ~ s ~ e n d f .  

North of t h e  point at rhich. the  road from 
Craig touohea the  mainland a low wave-cut 
t e r r ace  i b  developed t o  a e r n 1 1  degree; south  
of  t h i s  point  the t e r r a c e  extend8 f o r  seve ra l  
hunared f e e t .  

Geoloa~.--Hot much could be learned about 
t h a  geology of the  eree, owlng t o  the snow 
cover. Ho rock outorope were eeen on Cmlg 
Xeland. (The island was mapped as Uisatasip- 
plan limestone, acaording t o  Buddington and 
Chapin, p l .  1, bu* the float (loose rock)  
appeared t o  be of volcanic o r lg in .  On the 
mainland, rock outcropb M r e  not found near 
the dam, but  t o  the aouth, aLoq  the beach 
trail t o  the spring used by the oannery, the 
rooks were largely f e l s i t e  and voloanic 
breccia ,  The spring, located about ha l f  a 
mile up tbe slope, Issues  from a limestone 
bed. M s  a rea  Fe mapped 8s Devonla~~ sedi- 
mentary rook8 and at~aocia ted  volcantos. 

Water euv~1p.--The town i e  euppl led  with 
weter from a wood-dammed reeervoir  loca ted  
on the  mainland mountainaide. The reservoir  
i s  3,000 ft from t be  v i l l s g e ,  at e reported 
elti tude of 478 ft above sea l eve l .  m a r e  
the 8-inch l i n e  10. bled to  prbvene freeerng 
a t  night the flow m a  s a t i w t s d  t o  be 50 em. 
X t  nus s a i d  t h a t  I n  t he  rcinleat a6BSOn the  
Plow may be th ree  times a6 great, but the 
quantlty of m t e r  1s no t  s u f f i c i e n t  t o  WDD&Y 

t h e  town a t  a l l  tlmes, M t t l e  opportunity 
exista for increeeing the dam st;orage 0s 
capturing additional water horn other surface 
source g , 

The flow f r o m  the spring used by M w ,  
McNeil and Libby 18 pipad t o  t h e  a m e r g .  
Tha flow a t  the cannery on Decmber 4, 1948, 
was about 50 gpn; another 100 gDm waa over- 
P l n w i  a t  the epring. Tbis water ie used 
about? month6 eech year, i n  conJunetion with 
an add i t iona l  small supply from R stream. An 
a n a l p l a  of the sp r ing  water l a  given Ln 
table 2 r 

The t o m  Ss now planning t o  i n s t a l l  an 
elevated etora&e tat& t o  cdlevia te  i t s  present 
shortage end bopos a l s o  t o  pump from tihe can- 
nery- l i n e  a t  night In summer, when the c a n n e n  
normally is no t  operating. 

Retimating e need of 100 gpd per pereon. 
the town's requlrcsments ere, then, about 
50,MX) gpd o r  about 40 gpm, or approximately 
the  rninimm amowlt now available. Emotion I 

of a a torage  tank, now being mnsidered by 
the t o m ,  may a l l e v i a t e  much of the preaent 
d i f f l a u l t y ,  but burying We lnalna proper ly  t o  
al$mlnate t h e  nacesai ty  of bleeding t h e m  In 
cold weather d l 1  alao bo necaaeary t o  insure 
su f f i c i an t  r a t e r  at all times. 

It was the consenaue, however, that the 
amount of water avai lable  f a  too  close t o  the  
minimum requirmenta  f o r  eafe ty  and comfort, 
and a modera00 Inorease I n  auppl J l a  moat de- 
e i rab le  . 

Ho addi t ional  atreams or springa a r e  
ava i l ab le  near Craig. Aocording t o  Viotor 
Rivera,  tha capacity of the preeent maervo i r  
could not be inoreased except a t  conaLderable 
expenae. Further, i t  88ene unlikely that an 
increase  i n  s tomge  woulcl he helpful,  ne the 
t o t a l  flow of the etream l a  use6 f o r  months 
a t  a t h e .  
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Test d r i l l i n g  on t h e  mainland on the  low 
bench along the  road (and pipe l i n e  from the  
dam) might e s t a b l i s h  the  a v a i l a b i l i t y  of ground 
water i n  t h a t  area.  Moderate suppl ies  may be 
ava i l ab le  and amenable t o  development w i t h -  
out danger of salt-water contamination. 
Addit ional  supplies,  i f  needed, mlght be 
developed back from t h e  shore e a s t  of the  
road. 

Smaller amounts of water might be ava i l -  
ab le  from a well  o r  wells  d r i l l e d  on the  
i s land,  but i t  probably would not be economi- 
c a l  t o  develop water there,  inasmuch a s  t h e  
p ipel ine  i s  already l a i d  t o  the  mainland, 
where the  sa l t -water  problem would be l e s s  
important o r  even neg l ig ib le ,  

Klawak 

Klawak l i e s  about 10 miles north-north- 
e a s t  of Craig. U k e  Craig it i s  s i t u a t e d  on 
a n  i s l e t ,  which i s  s l i g h t l y  l e s s  than a mile 
long and s l i g h t l y  more than a qua r t e r  of a 
mile wlde. It is  an Indian f i s h i n g  v i l l a g e  
of about 400 inhabitante.  Many power f i s h l n g  
boats a r e  owned by l o c a l  c i t i z e n s  and a cannery 
I s  a l s o  owned looal ly .  The c i t i z e n s  a r e  de- 
s i rous  of building a cooperative cold-storaga 
plant .  

Klawak was v i s i t e d  on December 2, 1948. 
The r e se rvo i r  from which the  water supply i s  
obtained could not be reached because of heavy 
snow cover, but  f a c t s  per ta in ing t o  the  system 
were obtained from Mayor W. Pera t rovl tch  and 
members of the  t o m  council. 

Touo~ranhv.--The i a l e t  on which Klawak 
i s  located  r i s e s  t o  an a l t i t u d e  of 265 f t  on 
the  south end and t o  202 f t  near  the  north 
end. A t  i ts nor th  end i t  i s  separated from 
the  mainland by a narrow bench which I s  sub- 
merged a t  high t i d e .  The mainland i s  low a t  
t he  water 's  edge but r i s e s  gently t o  mountaln- 
ous t e r r a i n ,  There appears t o  be an exten- 
s i v e  but incompletely developed bench l e s s  
than 100 f t  i n  a l t i t u d e .  

@eolo~~.- -The v i l l a g e  is  underlain by 
gray f o s s i l i f e r o u s  limestone. A few small 
springs i s sue  from limestone a t  an a l t i t u d e  
of about 35 ft above high t i d e  nab18  2). 
The bench connecting the  mainland and the  
i s l and  is  underlain by volcanic rocks. 

Water s u ~ ~ l ~ . - - ' P b e  town i s  supplied with 
water from a resemroir on a mountain s lope  
near ly  3 miles t o  the  southeast .  The supply 
Is ample f o r  present uses,  although i n  winter, 
when l i n e s  a r e  bled t o  prevent freezing,  
r e s iden t s  on higher ground a r e  commonly with- 

a, out water. This d i f f i c u l t y  could be remedied 
by burging d i s t r i b u t i o n  l i n e s  properly. How- 
ever, t h e  supply i s  not s u f f i c i e n t  t o  support 
the  proposed cold-storage plant;  fu r the r ,  a t  
times of peak operation of the  present cannery, 
low water pressure i s  experienced by consumers. 
An ana lys i s  of the  water i s  given i n  t ab le  2. 

Local c i t i zens  seem agreed t h a t  the  
present dam was located too  low and t h a t  a 
dam t o  replace the  present one should be b u i l t  
i n  a c lean rock basin about 1,000 ft upstream 
from th8 present dam. Greater pressure and a 
more ample aupply, f r e e  of s i l t  and organic 
d iscolora t ion,  is s a i d  t o  be ce r t a in  i f  this 
is done. 

Such ao t ion  may well  be the  anawer t o  
t h e  preaent roblem. However, the present 
s y ~ t e n  coat g2,000 i n  1936. A new dam even 
more d i s t a n t  i n  the fo res t ed  mountains, plus 
the cost  of peplacing and adding t o  the  now 
o ld  wood-stave l i n e  t o  care  f o r  t h e  addit lon- 
a 1  pressure,  might make t h i s  plan prohibit ive- 
l y  expensive. The deve lopen t  of hydroelec- 
t r l c  power i n  connection with the  proposed 
dam has not been considered, nor a r e  data  
ava i l ab le  f o r  such consideration.  

Ground-water aupplies may be r e a d i l y  
ava i l ab le  on the  mainland a shor t  d is tance  
from t h e  Island.  Limeatone lenses may be 
present tha t  might y ie ld  copious suppl ies  of 
water. However, i f  ground water i s  conaider- 
ed, t h e  cost  of a well, an elevated tank, a 
pump, and the  cos t  of operation must be taken 
in to  account. 

Wrangell I a land 

Wrangell 

Wrangell l i e s  on the  northern end of 
Wrangell I s land,  an i s land of intermediate 
s i z e  ly ing close t o  the  mainland eas t  of the  
nor th  end of PPince of Wales Is land.  .Wmngell 
i s  a t  the  nor th  end of Eastern Passage and 
about 10 miles south of the mouth of the  
3 t i k ine  River. 

Wrangell i s  a f i ah ing  v i l l a g e  of about 
1,200 inhabi tants ,  of whom about 500 a r e  na- 
t ives .  A la rge  sawmill, not  now being opera- 
ted ,  is  s i t u a t e d  there .  A shrimp cannery is 
i n  operation during the  summer months and 
many small  power f i ah ing  boa t s  a r e  owned 
loca l ly .  Wrangell i s  a por t  of c a l l  f o r  some 
steamships. Tourists ,  who come t o  view the  
totems and decorated council  house, provide 
some l o c a l  income. 

I n  company with Victor  Rivers and A.  
Baker, t he  wr i t e r  v i s i t e d  Wrangell on Deosmber 
9, 1948. The r e se rvo i r  from which the  town 
water supply is  obtained was v i s i t e d  with 
Uayor George Ounderson, maintenanoeman Frank 
Zepp, Lee E l l i s ,  and M. M. Custard. 

T o ~ ~ ~ r a ~ h v . - - l V r a n g e l l  Is on a low bench 
along the  western shore of the  northern point  
of the  i s land.  Behind the  town the  ground 
r i s e s  t o  a muskeg-covered t e r r ace  perhaps 100 
f t  above sea level .  This higher t e r r ace  l a  
2 o r  3 miles wlde and cons t i tu t e s  a l l  t he  
northern end of the  i s land except f o r  an 180- 
l a t e d  mountain which r i s e s  t o  an a l t i t u d e  of 
457 f t  and forms the  northernmost t i p  of t h e  
island.  Less than 2 miles t o  t h e  south and 
e a s t  the main mountain mass r i s e s  t o  an a l t i -  
tude of 832 f t  above sea level .  

Geo1oaz.--The rocks along the  beach a t  
t h e  nor th  end of town a r e  black a la t e .  The 
e n t i r e  northern area  i s  unclerlain by "phyLlite, 
quartz phy l l i t e ,  f o l i a t e d  qua r t z i t e ,  a r g i l -  
laceous and micaceoua phyl l i te ,  and l o m l l y  
s l a t e n  t h a t  i s  "probably Oriiovician t o  
Ju rass i c  or  l a t e r "  i n  age (Buddington and 
Chapin, pl .  2) . 

Water SUDD~V.--The WrangeU water supply 
i s  obtained from a r e se rvo i r  on the  mountain 
slope 3,500 ft; e a s t  of town a t  an  a l t i t u d e  
of 385 f t  above sea l eve l .  The supply i s  not 
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qui t a  adeqUOt6. -Ia t h e  winter when et ream 
flow i a  c l t  e m i n i -  and d i e t r l b u t l o n  Unea 
a r e  bled t o  prevent fraaslng, homea on hlgtl- 
e r  ground a r e  without water. I)url~lg the time 
t h e  cannery t s  5n operation,  low presauree I n  
the d l a t r t b u t i o n  l i n e s  are a l s o  common. 

It I s  l ike3  that eume r e l i e f  fram the 
prcaenl d l f l l o u ~ t l e s  d g h t  be obtalneb by 
proteabin4 tihe d i s t r i b u t i o n  l ined lbom freez- 
ing awl by i n a t a l l i n k  a largs M p e c i t y  tank 
i n  t o m ,  but even so  the  a p p l y  would be In- 
adbquste i f  t he  e a r n i l l ,  now in the  hands of 
a ~ e c e l v e r  #Or& t o  ramme opsmttona.  
Aoaoxdir~  t o  l o c a l  eu thor i t i e s ,  th8 m a t  of 
appraolably lncmas lng  the capaaity of t h e  
raaerpoir  would be $50,000 to  #00,000. Ob- 
vfoualy, 1C would be desirable t;o a sce r t a in  
i f  ground-water aupplies m i g h t  be obtelned 
a h a 8  t o  the t o m - a t  h e r  cost .  

Tho wr l t a r  be l ieves  that t h e  muakeg- 
aovered higher terrace immediately in back 
(eaet )  of town might be profitably explomd. 
Some roads approach o r  a n t a r  t h i s  area, and 
reaohln poealble d r l l l i n g  s i t e s  m y  n o t  bb 
difflauft. The rock types, so far aa water- 
bearing aha rao te r i s t i c s  a r e  concerned,, rango 
from poor @ y l l i t i c  rock8 t o  much more f a v o ~  
able  q u a r t s l t i a  types.  Exploration would, of 
neoessity aeelc out  areas  of favorable rocka 
before boier, arb continued t o  depth8 of more 
than 40 or  60 f't. 

Petersburg 

P6 te rabu~g  La a t t u a t e d  an t h e  north.  t i p  
of raibkof Xelend, e a s t  o f  -Kupreenof l a l a n d  and 
u s t  west of t he  mainland acroae PFBderlok 

iound . 
Petereburg l a  a t h r l v i n g  cornunity of 

about 1 860 Inhabi tants ,  of whom about 400 
a r e  nat ives  en& ehe othera a r e  l a r g e l y  of 
Boandinnvlan ext rac t ion.  S ix  cannerlea a r e  
s i t u a t e d  there  and many fFahing boats are 
onnod l o a a l l ~ .  Ple  town Is a por t  of o a l l  
f o r  aome of the  l a rge r  eteamehlge. 

Petersburg was v l s i t e d  on December 1L, 
1948. Mr. Deemtee,  i n  charge o f  the we t e r -  
WO&U wee ~ o n t a c t e d  end the looa l  situation 
was dircuaeed. 

-.--The ~0aIlUUnity u 6 d  On the 
weat 8h6m of the nmthern  t i p  of t he  i r k n d ,  
on a very low, narrow bench. Behlnd the 
town the  land r iaea  gent ly  t o  e aomerklat hi h- 
er  broad t e r r ace  of coneidarable oxtent whfah 
i n  Cum r i eee  gradually t o  the  foot of &he 
mowtaina sbout 24 t o  3 milea t o  the south. 

Oealo~.--Beav y anow oover prevented 
obsa;ve t lon  of any r o d  outcrops. However, 
the  Petersburg a rea  is underlain by 'gray- 
weole, dark-gray slate, and conglomerate with 
aome interoaPeted bed0 of tuff, thin l&g.er$ 
of Llmeetono, nnd small  limestone lent.lia, 
of Ju rass i c  o r  Ci.etaceous age (Buddington and 
h a p i n ,  1929, pl .  2 ) .  

?bet' 8~pbr . - -Peteraburg b.8 an 
8upp y of mter obtalned f r o m  the nbwteln8 
t o  the south. l?he a v ~ i l a b l e  aupply wa? re- 

cen t ly  inargasod by l n e t a l l i n g  e aecond main 
from t h e  dam. ma massure i s  kept low t o  
prevant strsin on t g e  old d i s t r i b u t i o n  aystaa. 
The uetsr is disohclrgetl i n t o  two tanka on h ~ @  
ground. beak of town. 

Kugreanof Island 

w e  

5 k e  l l e s  on the northweat end of Kupreanot 
I s l a n d  j u s t  off Frederick douad. It 1s  
epproximately midway botween Peteraburg t o  
t he  e a s t  and Sl tka  t a  the west. S t  ie an 
Indian f iehing village and has a population 
of about 400. Many small power boats are 
owned by l o o e l  resldenta.  I n  nddltlon, about 
a mile t o  t h e  joutheest  of the vLllage, 
S e a t t l e  I n t e r e s t s  openate a large cannery i n  
t he  summer months. A 'modern school 1s min- 
t a b e d  ,by the Alaskan Native Servlce.  

G k e  was vit l l ted on becamber 12, 1948. 
The emell dam, t h e  town reservofr,  and t he  
aeprate aamery supply were v i s i t e d  rlt;h 
M r .  Bell and othare.  

T ~ D  h .--Tho v i l l a g e  i s  on a emell 
w a v e - c u m  about 20 it above mean t i d e  
l eve l .  The ~llffs back of the  v i l l a g e  rise 
s m r p l y  t o  sn, a l t l t u d a  of perhape 100 f$, and 
a t  that l 6ve l  another bench i e  developed over 
a l a r g e  a ~ e a .  

Geo1oqp.--The rook8 e q o e e d  a long the 
beach are lar e l y  a r y a t a l l l n e  limaetone. The 
area i~ underfain by ro&a o r  b v o n i a n  ago, 
predominantly graywaoke and aaaociated tuPf8. 

Water ;-.--ma t o m  aupply 1s obtainad 
fram a e m  1, r e ~ e r v o i r  on a very smell  stream 
flowLng i n  an a l l u v i a l  va l ley  juat  northeast  
of the  ~1 .11~ e. The eupply i a  inedequate, t he  
preaeure haof i s  low, and the water avei lnble  
is unaatiafectory beoauea of high color.  m e  
topography l e  suoh and the  streem 80 small 
tbat l i t t l e  would ba geined by attempting to 
increase  the helght of t h e  darn. 

The oannerg auppXy is obtained from a 
stream a m e d  in a MA-cut gofge high in the 
h i l l8  aoutheest of t o m .  U s  atream l a  
adequate t o  aupply the cannery at  full opem- 
t ian.  A t  ni te ,  when operatione a m  euspend- 
ed or  a t  a m%Lmv~~ ,  the  excem water from t h e  
dam i s  brought down t o  a amall hydroelea t r io  
p lan t  and euffiolent powei. i a  generated t o  
aupply the lighting e y s t m  of the cannery. 
The agatem l a  actuel ly  14 use about 2 monthe 
each y e w .  , 

It ie poeelble thnt  a sa t iaPactory  solu- 
t i o n  t o  the  preaent probleme a t  Kake could be 
reached by arranging wlth t h e  cannery inter- 
e s t s  t o  obta in  a pa r t  o f  the weter from tha  
cannery system. However, o ther  poesible 
eouroea of mpply  may be explored. 

Small aupplieo of mound water might be 
obtainad a t  t h e  foo t  of the c l i f f  bnradiately 
behind t h e  v l l l a g e  OF a t  the mouth of t h e  
smal l  valley I n  *hi& the willage -dam 1s lo- 
cated-. Them would be d i s t i n c t  danger of 
aalt-wuter oontelninakion a t  thoaa eitee, and 
wells  developed there would have t o  be gumpod 
a t  varioua r a t e s  t o  establish t h e  highest  r e t e  



of BisohPrge poaslble without contamination. 
I t  aeaM more Ukclly t h a t  b e t t e r  r e s u l t s  woul13 
be obtained by d r i l l i n g  on the high pound  in 
badk of the v i l l age .  A road probably could. be 
out peat the village dam t o  the higher musksg 
f3Pt t o  p e M t  entry of a d r i l l  r i g .  On the 
high termJoe t he  raker level probably would be 
r e e s o ~ b l y  aloes t o  the  eurface and, w i t h  a 
moderate U f t ,  tbe ra ter .  muld be delivered 
t o  a tenk a t  tbe  surface,  which i n  tu rn  would 
supply water under mple head t o  the consumers 
in the v i l l age  below. 

- Barenof I s l and  

S i  tka 

Sitka lies on t h e  west coas t  of Barenof 
Island on t h e  d u 3 i  of Alaeka and is  about 100 
milee west of Petaraburg and on equal diatanca 
south-awthreat  of Juneau. 

The c i t y  of Si tka ,  founded by the Rueslms, 
has e populetlon of about 2,300. Another 
1,000 peraond dwell on Japonskl I s l and  (Mount 
~dgecumbe ) acroaa a n a m o s  s t r a i t .  

Pishlng 18  a major indus t ry  but tho 
achool and boapita1 of t h e  Alaskan Native 
Servloe on Japangki Tslend and the Pioneer8 
Borne and the Praabyterian Sheldon Jaakeon 
Junior College a t  Sitka a lao  a r e  of importanoe 
in the l o c a l  economy. One l a rge  sawmill le  
ai6ueted i n  Sl tka ,  and t o u r i s t s  call I n  tha 
simmer month@ , 

Expansion of indus t r i a l  a c t i v i t y  i e  fore-  
aeen Sn t he  pmposed erect ion of  a l a rge  pulp 
m i l l  a t  Blue Lake 6 mlles eas t .  An addlt ion- 
a 1  400 faroiLie~ w i l l  be brought i n t o  S i tka  if 
t h i e  projeot m t e r l a l l e e a .  

The c i t y  i e  eemed by d a l l y  f l i g b t s  
(weather permitt ing) by emall amphihion planes 
t o  Juneau anQ t o  U k e  and Petersburg. 8 l t k a  
ia a regular por t  of c a l l  for eteanrera p ly ing  
t h e  run betwebil S e a t t l e  and southeastern 
Alaskan pode .  

h e  c i t y  was v l r i t e d  on January 27-28, 
1949. Dr. Charteras, hyor of Sitka,  and 
M r .  Oalvln, t o m  s l e rk ,  rere contacted, and 
add i t iona l  infoPtaatlon pe r t a in ing  t o  the  city 
water supply was obtained f r o m  Vincent 
Beauohamp, manager of publ lc  u t i l i t i e s .  

The buslnesr oenter  of the  city i8 on 
Sitka Harbor but the  town extends about 2. 
mile t o  the  e a s t  along Crescent Bey and l* 
&ilea t o  tha  northwest along Sitlra Channel 
and baok from t be  coaet  about a quar ter  of e 
mile. Yoet of tbe  population however, i s  
conaentrated wlth in  a halX-rniie mdlue of the  
harbor doaks . 

-.--The ground r i s a a  gently from 
the sea o a marina-cat t e r p c e  ebout SO f t  
above sea l e v e l .  Thla t e r r ace  i s  of aoneidar- 
ab le  axtant  and t h e  base of the mountaLn8,is 
nearly a mila from t he  coast. Some of thi8 
area Is ee t t l ed ,  but much of t h e  low land out- 
s i d e  t h e  c i t y  liaits r e w i n s  a muskeg awamp. 
A t  the  eastern end of t h e  corpomte  limits 
t h e  t e r r a c e  I s  oroaaed by the  Indian River. 
Swan W e ,  ebout half a mlle long, is naar 
the center  of tbe  corporate limits. 

a . - - h e  abea i e  undsrlaln e n t i r e l y  
by dwrk oomgeat g r a m a k e ,  80 Pnr a s  aauld be 
obaemred and the  l eve l  land and gen t l e  s l o p e  
a re  mantied by  e f a i r l y  thick d l u v i m ,  i n  
p r t  a talus-type m h e r i a l  aonsletlng of an@- 
lor boulder8 i n  a eandy-alay nmtrix. Common- 
l y ,  a t  leaat  6 t o  10 f t  of v o l w l e  ash aver- 
l i e s  beerook. 1 t Is apparent that the uncon- 
so l ida tad  mateFial l s  genera l ly  more than 4 
St  thick, as no a i f f i c u l t i e a  were encountered 
in burying water and sewage Line8 t o  that 
depth. On one rather steep slope more then 
l.8 f t  of alluvium le preeent.  

Water su 1 .--The l a r g e s t  p rt of the 
m l c l p r l  au* l a  obtained by g rav l ty  feed 
f m m  Caaoade Cmek, about 3 m i l e a  northwest 
of t o m .  A secondarq supply 13 obtained Prom 
the Indian River, Water from t h i e  source Fa 
pumpsd i n t o  a 500,000-gal elevated tank. 

Ihe ayetern h r n i e h s a  s u f f l a i e n t  water f o r  
t h e  c i t y  and Japonaki Is land,  but In the early 
m m e r  months the reserve i e  very low; near- 
shortage8 have a l s o  oocU~red i n  cold periods 
Hhen l i n e s  were bled by coneumbra t o  prevent 
freezing.  

Although the present supply Is adequate, 
@ddi t ional  wat;er probably will ba needed i f  
t h e  proposed pulp m i l l  l a  located naar Si tka .  
The thought thus f a r  has been t h a t  after 
Sncreaaing t h e  e ize  of the , reeervoir  on 
Cascade Creek, an  ad&i t iona l  oupply of about 
120,000 gpd might be prodded by bringing In  
water from Blue lake, 6 milee dlatant ,  a t  an 
estimated coat of $360,000. 

It Is the  r r i t e r ' a  opinion t h a t  the f e a s i -  
b i l i t y  of obtatnlng round w a t e ~  might be 
p ro f i t ab ly  lnvertiga&ed. The qunnti t  y of 
water needed, only  about 100 gpm, rnlght be ob- 
tained from one to  three walls of moderate 
depth sunk i n to  bedrock In t he  f l a t  area back 
of t o m ,  a t  a f r a c t l o n  of  the coat  of d e v e b  - 
b g  the Blue l ake  eupply. 1% i s  e lao  poeslbfe 
t;hat a good a u p p l ~  mlght :  be obtained f r o m  a 
well aunk In tha bed or on the bank8 of Indian 
River i f  any appreolable thlcknees of sandy 
M I 1  i s  present. 

Jamem Bey 

James Bey community xibe along the coaet 
east of S i t k a  end oonslsta of about 20 honee 
along a low rocky beaob. Some of theae homes 
e r e  without water, a few use springs, and two 
have &g wells. F a i r l y  hlgh on the alope 
E. Bodgea haa a we l l  dug i n  f i l l  t o  a depth  of 
18 f t .  The depth t o  water In  the  w e l l  1s 9 
f t  below t h e  surfaoe.  The water t a  clear and 
f a i r l y  a o f t  and the  we13 h r n i $ h e e  an ample 
supply t o  the e l e c t r i a  pump eupglylng the r e s t -  
dence . 

It asems l i k e l y  tha t  most; people in the 
a rea  can obta in  mtar f r o m  lliaiilar dug well13, 
but i n  a few placee bedrock dl1 be encounter- 
ed and completloa of a dug well  In  such plaaefl 
w i l l  be difficult. 

Boonah l i e s  on l a y  S t r e l t  on the eaatern  



ahorb of Ohichagof l e l snd ,  about 40 mllee 
, ' * e ~ t - a o u ~ w e s t  of' Juneau. The oommuoity con- 
a l e t a  of about 600 netroes.  Ftahlng l a  the 
only  oaoupatlon, and a l a r g e  prlvstely-armed 
cannery I s  about E! d l a 9  west of the v t l l a ~ e .  

B e  iaLant.3 18 a 'flag s topw on tbe  Jumau- 
Bltka a i r  mu te .  Xn add i t ion  t h e  t o m  i e  
served by -13. boat  and ocaasional  f r e i g h t  
vosaels. Aoomh was v l s l t e d  on Jcnuarg 
30-31, 1949. The beach e rea  sooth of Hoonah 
wes vlsiked,  with George Martin, A ~ e a e n t  6- 
foot  Se l l  of snow prevented a d e t a i l e d  inspea- 
t l o n  of the  ternme. 

-.--The v i l l a g e  l l a a  along a 
narrow beaoh on the rea .  About half a mile 
t o  the  8outh kbe bench wldsns and an a ~ p r e o i -  
able erea of low ground I s  present, but  t o  t h e  
nor th  the beach narrow8 and c l l f  f s  r i e e  from 
the 888. 

C(eo10fig.--The rooks exposed along the  
beaoh nor th  and south of the v i l l a g e  are dark 
thln-bedded Peleoeoic Zlmeetone and volcanlcs  
(Buddington end Chapin, 1929, pl .  1). 

Water -.--The v i l l a g e  is eupplled 
by r a t e r  Prom a reservoir about 1 mix8 dia-  
t e n t .  The supply l a  gene ra l ly  adequate 
aooording t o  b y o r  Barry Douglas, exoepi f o r  
eho* perloda i n  the  drg a m e r  o r  i n  t h e  cold- 
es t  part of the  winter  when weter l a  m a t e d  
t o  prevenf f reea ing.  Construction of another,  
higher dam, s t  e ooat of  more then $30,000, 
has been contemplated. 

As t h e  asen i s  underlain by Ilmoatone, 
it seems l i k e l y  tht moderate suppl les  of 
grcund water might be easily ava i l ab le  a t  
reLet1veLy emall aos t .  However, altbough a 
well m i g h t  be looated euocessfully on ground 
aomeahnt higher than Ch8 vlllagb when, the 
beeoh andens t o  the south, i t  would bba necea- 
aary that  t he  pip8 l i n e  be f ed  T m m  e tank 
r a t h e r  than d l r e a t l y  from the  pmp. T h l e  
oost  muat ba considered l r  n supplemental 
ground-wet er aupply i s  contamplated. 

Auka Bay 

The r u l e  Bey c o m n i t y ,  whlch m y  be 
consldared a suburb of Juneau, o c m s l s t a  of 
ebout 26 dwelllnge ~ n d  a t a r e s  lying along the  
nor th  ahore of duke Bay I .4  miles no r tb ree t  
of Juneau a i r f i e l d .  The area  I s  ehom' on the 
U. 5 .  Ueological S ~ v e y ~ t o p o g r a p h i c  map , 

V m e a u , .  Alaake-Canada, ed i t ion  of 105f. 

l' r .--The eetb led  area  l i e n  d o n g  
the  13-m bank of Au*e Bay in  part on 
a narrow marine-cut benoh about 46 S t  above 
sea  l e v e l .  Behind thls p a r t i a l l y  developed 
banah t he  mountain m s s  r i s e s  r a the r  eteegly,  
and i n  one plaae it a t t e l n a  an e l t i t u d s  of 
ebout 1,000 f t .  Jmmedlately t o  the  weat, In 
t he  Auke k y  recrea t ion  area,  the bench d i e -  
eppesre and tho mad cl ings  t o  the  base of a 
prec lg l toua  mnuntain elope. To t h e  e a s t  a 
narrow rock r i d  e extending north and aouth 
~ e p ~ . ~ t e ~  Auke & t o  rrom thl my. A u k 6  Lake 

' l a  half  o mlle wide and three-quarter8 of a 
Pllle Ions,  It: i a  f ad  from W e  Creek on the 
nor th  and d i e a h r g e s  i n t o  A d o  %yJ an the  
anutheast  . 

-.--me ores i e  underlain by 8 l a t b  
an4 wtamorphosed breocia of Meeoeolo age 
and @sterrnary eedimenta have bben deposiked 
upan t h e m  older  rooka. The unwnaol ida ted  
ma te r l a l  t b t  &as t he  low t e r m c e  on w h l a h  
t h e  Auke b y  acwmnity a t w d s  appears t o  be 
fill tha t  web somewbat reworked by marina 
weter b r i n g  a h igher  atmd of the- aen. 
Sirnllar matertal extending t o  a hlgbar a l t i -  
tude 1s expoesd about ha l f  a mile went of the 
oormamity md i s  aeea t o  be a mlxture i n  nhiah 
alay (g laoia l  f l o u r )  i e  preeent throughout; e 
mama aompo~ed medomlnantly o r  nubangular 
i r n g m n t s  of small grnvel. This material 
probably oocura e t  a veneer on =&fine m t -  
rvak benohea exoept whera preexisting v a l l 6 ~ r s  
have been PilZed t o  t b e  bench level .  Well- 
eorted stream depoaita appear t o  be abaent; 
immedlstely along the  &ore of Luke Bay but 
a r e  a h a t  c e r t a i n l y  present i n  the f l a t s  
nor@ of LuEre Lake along Lake Creek. A la rgo 
are8 of outw8ah-plain daposita a t  the f o o t  of 
Mendenhall Oleoler  l a  preaent more than a 
mile e a o t  of Auke W e .  

Tbeee depoolts  a r e  mentioned he re  be- 
muse a well  1ooaCed near the  mouth of Duok 
Creak and now operated by the  C tv i l  Aemmu- 
t ics AdmFnlstratlon is sunk In thee6 deposlte. 
The well ,  which i e  4 i n .  i n  dinmeton and 80 
ft deep y i e lds  about 15 8- t o  a cent~i -3  
pump. he weter haa a temperature of '  49 F. 

No outwaah-plain depoaita a r e  preaont 
In the  Immediate v l c l n l t y  of Auke Bay. 

0 .--The likelihood of develop- 
ing  rn-d-water auppliee.  along the 
shore8 of Auke Bay does not: seem good. We115 
penet ra t ing  slaty bedroak t h e r e  might b v e  
poor y i e lds  i n  r e l a t i o n  t o  the oost of ooo- 
s t m o t i o n ,  A t  m e  bead of the  bay, t he  msrlne 
benoh extend8 eomewhet Lnland. There t h e  un- 
oonsblidoted aooer lnaterial  may ba cona lds~ed  
aa a ,  poss ib le  source of ground, water. Xow- 
ever,  it 18  not certain t h a t  more than a t h i n  
veneer or cover me te r i a l  le present, or, If 
preaent tbet I t  i s  raenonably permeable. . 
Test  d r f l l i n g  w i l l  be neoessorg before 
e i t h e r  of these fac tor6  con be evaluated. 

The msCamorphosed bmeooia between Auke 
Bay and Auke W e  might y l s l d  moderate mounts 
of water t o  d r i l l e d  wells. Yields should be 
oomgamble t o  t h e e  obtained by d r i l l l n g  in 
well-Jointed grani te-&bat  l a ,  from & few t o  
a few tens  of gallons per minute. 

The low round nor th  of Auke Lake, add#- 
cent t o  Lake greek, o f f a r s  the bes t  poselbl- , 
l i t l ra  f o r  obtaining moderately Large sugpli8s 
of ground water i n  the Auka Bay area. Auks 
W e  i 8  a deep rook basin formed by scour  of 
an l a e  tongue extending westward from th8 
formerly longer MondenNIll Olecler .  The 
bsaLn i t s e l f  formerly wee l a r g e r  than i t  i s  a t  
present  and Baa s i n c e  been p a r t i e l l y  f i l l e d  ' 

by d 6 l t a l a  e l l w l a l  depostta LBld down st the  
mouth of h k e  Creek. These deooaita should 
be f a l r l y  we13 sor ted  and very p o r n a b l e .  
Although the  a l l u v i a l  a rea  i a  not l a rge  dtb-  
drawn1 of water from the  sedinrenta e h o u h  not 
r ebu l t  I n  deple t ion  bbacnuss of ~eaherge from 
looal heavy r a i n f a l l .  I n r ~ l t r e t l o n  from Lake 
Creek wig a l s o  ooour i f  the  lake bottom 1 s  
not aea&ad by rock f b u r .  



F r i t z  Cove 

F r i t z  Cove Road l i e s  on the  weat s i d e  
of the Mendenhall Peninsula, extending south- 
ward f r o m  the  heed of Auke Bay. The penin- 
su l a  is a f a i r l y  symmetrical ri&ge, only 
s l i g h t l y  nodlf led by remnants of a low marine- 
out  t e r r a c e  on the seaward atdo. Bedrook 
t h e r e  I s  metamorphosed breccia.  Al luvia l  de- 
p o s i t s  a r e  very spa r ing ly  preaent aJong the  
l o r  t e r m o e  . 

Small t o  moderate ground-wa t e r  supplies 
probably aould be obtalned from drilled wells  
loca ted  on high ground back PFom the sea. 
Bowever, domeatla w p p l l e s  might a180 be 
obtained from Sndlvldually dug wel ls  sunk I n t o  
bedrock. 

I n  t h i s  reglon of heavy mintel1 theee 
would be every reasan t o  be l ieve  t b a t  very 
shallow wellti 8- along the  ba on the beach 
i t a e l P ,  would t a ~  lcesh water ~ 9 & t l n ,  on 
s a l t  water. Tbe water l e v e l  i n  such wells 
souh i  be s l i g h t l y  h igher  than sen l eve l .  How- 
ever, when i t  l e  considered t h e t  the  t i d e  
range l a  ueuel ly  more than 10 S t  and t l d e s  i n  
excess of  20 S t  tare not  rare,  I t  l a  seen t h a t  
wel ls  on Che beaah would necesse r l ly  be a 
minimum of 20 f t  deep In  order thet water be 
prasent  In t he  well  a t  a l l  t i nee .  T ~ U Y  there 
would be d l f f t c U l t y  i n  Insur ing  tha t  water 
taken from the well  would sklm only the fresh 
watar. hrthel . ,  wlth such l a r g e  cont inual  
movement o f  t he  t i d e s ,  i t  seems very l i k e l y  
t b a t  the f reeh-water l age r  might be mixed w i t h  
s a l t  water. 

I t  is bollaved therefore ,  t h ~ t  i n  this 
a rea  dug we11e ahouid be located  O t  .somewhat 
higher altitudes back from t he  see. 'Pheae 
wells  rill enoounter bedrock i n  many places 
a sho r t  d la tanoe  below the  surface but ehould 
be continued a t  l e e e t  seve ra l  f e e t  below the  
water table,  even though hard rock 53 encoun- 
tered.  On gently aloping ground, water m y  
l i e  f a i r l y  oloac t o  the surface, but  on s t e e p  
alopea o r  on a t m n  l y  d issec ted  ground the 
depth t o  ne t e r  w i l ?  be grea ter .  Borever, t he  
water level In  ~ u o h  wells  may va.ry only a 
l i t t l e  with the ~ i $ e  and fill of the  t l d e s  and 
t h e r e  may be no problem of sa l t -water  c m t a m l -  
nation.  

Tee Harbor 

The Tee a r b o r  comn~unlty l i e s  a t  the 
aauth end or an l n l e t  from Favor i ta  Channel, 
a s  shown on the Juneau, Alask8-Cennda map. 
I t  cons i s t s  of about a dozen dwolllngs and a 
public fiohool. The area  l a  of more Lmpor- 
tance than l t e  a i z e  would incllcate, beoause 
docks a r e  being b u i l t  f o r  the unloadln of 
neterborne freight f o r  Juneau. I37 u t l f l z i n g  
Tee Harbor 8nd 20 m i l e a  of highway t o  town, 
more than a Q e y ' ~  shtpplng time i s  savod. 
The growth of the l i t t l e  community therefore  
seema assured. 

T - a .  --The community llers on r a t h e r  
low ground at t he  eouth head of a long, narrow 
cove. On tbe eaeC the mountald e lope  r l s e s  
precipftou8ly and on the  west the ground . 
r i s e s  l ess  e teeplg  t o  an a l t l t u d e  of 160 ft 
o r  more. To the south l a  a tract of more or 
l e sa  l eve l  heavi ly  fo re s t ed  land whlch appears 
t o  have been b u i l t  up  during a 40-foot stand 
of  t he  sea. 
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O-.--Tbe r e l a t i v e l y  f lat ,  lor - ly lng  
ground between t h e  high hard-rock d d g e a  18 
underlain by a l l u v i a l  material, o f  unknown 
thiolmeaa. ThZs mate r i a l  may be l a ~ g e l y  
marine sand f l l l l n g  s n  o ld  channel between 
the  two rldgea.  On the  o ther  hand, Lf a t  the  
LLme of the  40-foot e t a  of t h e  sea  the low 
ground at t he  south end of t h e  cove waa not  a 
through channel but wan a topographic low 
only Fntermi t tent ly  iwndn ted  by t h e  sea,  
then  the  present  unaonaolldnted meter ia l  
represents old g l a c i a l  t l l l  and debria t h a t  
probably were o n l y  s l i g h t l y  reworked a t  t b a t  
time. 

Ondevelo~ed s ~ p ~ l i ~ g . - - ! h e  low-lylng 
mound i n  back of t h e  caunnunitv is t he  loalosl 
;re& t o  explore f o r  water suppi lea .  It a&smr, 
poss ib le  that a propsrlg oonatmcted an& pro- 
t e a t 4  Bug wel l  might y i e l d  enough water f o r  
pre seht  needs. S m l l - d h m e t e r  driven o r  
jetbed wells  might be sucaessful  if t h e  
matel-lal present  1s well sor ted  and i f  bedrook 
o r  boulders do n o t  prevent such conatruation.  
If very aandy depo8ita a r e  found, it w i l l  be 
d i f f i c u l t  t o  d i g  a we11 and dr iv ing  or j e t t i n g  
may bo neceeaary. I f  bedrock everyrhene lies 
cloee t o  the  surfaae  or i f  boulders a r e  par- 
t i c u l a r l y  troublesome, dri l l ing  may be the 
only  method by which an adequate water aupply 
mag be obtalned. 

Lynn Canel 

Haines l f e s  on n southeast- trendlng 
peninsula about 4 milea wide between Chillfoot 
end Chilkat I n l e t s ,  w h l o h  merge t o  become the  
Lynn Canal. It i s  about 76 miles  north-north- 
west of Juneau. The town has a population of 
sbwt 300 but there a r e  a l s o  50 people 
( ea t lna t ed )  a t  the  nearby Chilkoot Barraaks, 
a former Army post b u i l t  in 1904 but now 
prlva t e l y  owned. 

Rainea i a  t he  southe;n terminus of the 
h l n e s  Highway or  A d n e e  out-offn which rune 
northweatward and connecta with the  Alaska 
Highway west of Whltehorne a t  mlle 960. 
Although Baines ha8 en loe-f ree  harbor a l l .  
winter, t he  highway has not ye t  been kept 
open d u r i n g  t he  wLnter and t h e r e  l a  very 
l l t t l e  minter a c t i v i t y .  

Bnlnes is flemred da l ly  by smal l  amphibian 
planes and i n  the bummer months l a  v i a i t ed  by 
ateanmen. An automobile-Sarrg se rv lce  M e  
been eakablishsd connaotlng Haines with Tee 
harbor. The f e r r y  operotes only when t h e  
M @ m y  1s open. 

Relnes waa v i s l t e d  on February 1 and e, 
1949. Mayor I r a  Powell waa eonttrcted and, 
on the  evening of Pebmom 1, l o c a l  water- . 
aupply problem were dlscuased wi th  the  to rn  
oouncll .  

T o ~ o ~ r a u h v  and aeou . - -E la ines  and 
Chilkoot Barracks l i e  on r e l a t i v e l y  low ground 
that f o m e  a waist of about 4 sq m i  on the 
penlneu l a  between low mountains. The mountains 
e r e  k r g e l y  of g r e n l t i o  rock but the or ig in  
of the uneamol ldated  n a t e r l a l  forming the 
l o w  ground is uncertain,  al though presumably 
it i a  g locfa l .  



Surface-watex; eupn&.--The village i s  
eupplied by pipel ine  from e m a l l  oreelc on 
the  mountain t o  the south. S b o r t a e a  a r 8  
common and a n  a d d l t l o n a l  supply of watar La 
needed. Esrtra water has been obbained a t  
tlmee from t h e  Chillcoot Berracks s y a t w ,  
but continuation of t h i s  prec t ioe  i s  not  oon- 
aidered des i r ab le '  by the Halnea a o m m l t y .  

&tension of the preeent p ipe l ine  f o r  
2,030 ft would m k e  poeoible bringing i n  a new 
aurf ece-water aupply. Xorever, t h i s  would be 
somawhat ex , considering the  smell  
maaunt o r  aK;:zKl matsr needed. 

Use of a tarn lake,  high i n  a c l r 4 8  
basin on Ripinsky Mountain aoross  the ehilkoot 
River,  already developed by the A r m y ,  might 
be considered. However, 1 7/0  mile ef apeoia l  
pipe would heve t o  be h i d  and maintainecl 
aaross  the eh i - f t i  sands of t h e  Ch ihoo t  
River. Suoh a p r 3 e c t  obviourlg woQM be pro- 
h i b i t  i v e l y  expensive. 

Oround-water 8uo~liea.--Several  s e l l s  
have been coaatruoted a t  Ifainea, wlth the 
follewing reaul te ,  ao f a r  aa could be de t e r -  
mined from l oca l  sources1 

A t  Hayor Powell 'a h e ,  near the business 
aec t lon ,  a dug well 40 ( 9 )  S t  deep m a  con- 
ver ted  i n t o  a cased well. This well flows 
now and 1s sa id  t o  have y le lded 15 gpm t o  a 
suot i o n  pump. 

A t  t h e  old b a ~ ~ a a k a  jus t  north of t o m  
(not Chillcoot Barracks), a  wel l  was d d l l e d  

by contraotore f o r  t he  Amy t o  a depth of 
about 80 It. It ie wgor ted  t o  have y i e lded  
160 gpm I n  e ahort pumping t e a t  made by a i r  
l i f t .3 .  The watdr was eafd to  be s a l t y  but 
l o c a l  r e s iden t s  doubt; Chat t h i s  report  i s  
t rue .  The depth t o  water i n  the well  *as 
about 10 f t .  

On the higher alope nor theas t  of  t o m ,  
a well was d r i l l e d  to a repor tea  depth of 512 
f t .  The well  now yie lds  ebout 6 gpa of f r e sh  
water, by naturml flow, and yielded about 30 
gpm t o  en a i r -1 lP t  pmp. I t  i s  reported thak 
bedrock was not encountered in t h i s  wel l  and 
t h a t  four  d i s t i n c t  mte r -bea r ing  horiaons 
were panetra.ted. The only a p p r e n t  Feaaon 
for d r i l l i n #  t o  the  depth indiaat;d appears 
t o  be Chat i t  was good d r i l l i n g .  

Dudng t h e  course of discuaaion with the 
counoil memberm, t h e  question of the feae l -  
b i l l t y  of utilizing t h e  last-mentioned well  
was aonsiderad, p a r t i o u l a r l y  because the  total 
present  need6 of t h e  oommmitp amount t o  
only 20 gpmo Further, it was pointed out  
t h a t  a 100,000-gallon (?) tank Is Located on 
the  I i 3 0 ~ t a i n ~ l d e  above the  well  and a 4-111eh 
pipel lne  run3 paat  the well  t o  Che tank. 
Pagot ia t ions  f o r  t he  aaqu i s l t i on  of t hese  
P a c i ~ l t i e s  by the t o m  are now being carried 
on. 

On the morning of February 8, I94B, n l t h  
Mayor PorelL and Mr. McOee the  3-foot enow 
cover was olsared off and It was found t ha t  
t he  612-root will c~tlll floweb. W o r t l y  a f t e r  
the wrf ter l e f t  Rainep t h a t  afterrloon, the 
well m a  t ea t ed  b r i e f l y  with t h e  f i r e - f i g h t l a g  
agparatue end, aa near ly  as aould be de ter -  
mined, yielded a minimmi of 6 gpm with l f 3  f t  
of drewdom. Asrangementa were being made t o  
t e s t  t he  well accu ra t e ly  for a longer p e d o d  
s i t h  a smaller-capaolty pump. 

It  .appears thkt s turb ine  pump with 
about 100 f t  of column might furnish  enough 
water, 20 gpm o r  more t o  supply the present  
neede of t he  t o m .  ~ i t h o u ~ h  t h i s  might be an 
i n e f f i a i e n t  well ,  l n  oomparlaon with one of 
g r e a t e r  y i e ld ,  very l i t t l e  a a p i t a l  out lay  
would be needed, h t e r  a sbe l lower~wel l  of 
higher y i e ld  might be constructed,  o r  the well 
a t  the barracks might be put i n t o  service  i f  
i t  prove8 t o  y ie ld  f r e s h  water. 

Skagaag Lies near the  hsad of Taiya 
I n l e t ,  about 90 miles north-bortbweat of 
Juneau and 20 mlles nor theas t  of RaLnes. It 
l a  t h e  terminus of the ?mite Pass and Yukon 
k i l r o a d  which aonnects wlth the Alaaka High- 
way a t  d f t e h o r s e  i n  Yukon Territory a t  the 
head of navigation on the Yukon River eystem. 

Although &a y had a poWlat ion  of 
35,000 i n  the e a r r p a r t  of t he  century, i n  
1948 it had only 700 inhabi tants  and i s  remi- 
nisoent of  a western ghost town. 

Skagsay l a  served d e i l y  by 8-11 emphi- 
bious plane0 and is a port  of a a l l  for eome 
ocean vesse ls ,  

The c i t y  was v i s i t e d  on February 2 and 3, 
1949, and the data preeenGed here  were ob- 
ta ined f r o m  Msyor Pat C a m l .  B i t t e r  cold 
and high wind prevented more than a cursory 
h a p a c t i o n  o f  the a raa .  

To~onraphy and eeg10 .--3kagway l i e s  a t  
t he  m. canyon which 1s 
l e a s  than a mile wide a t  t he  wa te r r s  edge. 
The canyun f l o o r  1s mede up of € t l l ~ P i ~ ,  
seemingly aeltsic g l a c i a l - o n t ~ s h  sand m d  
gravel .  The mcke fomLng t he  canyun -118 
are la rgely  granodior i te .  

Water sup~lg.--5kagway purcheees i t% 
water a t  *olesale r a t e e  *om the  Skasway 
Public Service Go. and dZatr ibutes  it a t  re- 
t a i l  r a t e s  t o  the  consumera. E l e c t r i c  power 
i s  a180 purchased an t he  same bas i s .  The 
water for both d i r e c t  oonaumption and power 
genera t ion  i d  obtained from Lower Dewey, 
Upper Dewey, and Icg , lekea ,  high on the moun-. 
t a i n  above Skagway. me supply 18 smell; 
dur ing  t h e  m i n t e ~  the re  i s  not s u f f i c i e n t  
water t o  aatiefy both water m d  power needs, 
and power i s  gen8.rated by d i e a e l  engines f o r  
long periods. 

Assuming two-thlrde submergence of 
the air line below pumping l e v e l  and a water 

In t he  w b t e r  t he  water de l ivered  Le ao 

l e v e l  10 feet below the surface ,  the mximum cold that- s l u s h  Ice  o r  frazzle i a e  tends t o ,  

dnrrrbocm would be about 23 feet. 
form in the d i s t r i b u t i o n  l i n e s ,  end i n  the 
winter  of 1946-47 the aLty spent  $5,000 b? 
i n t r a d u c h g  steam, genbrated by 8 loeomotlve, 
i n t o  t h e  l i n e s  t o  prevent freeelng.  



OVW OF ALASKA REGION 

In aQdlCion t o  t h e  ~ l u n i c l p e l  supply, 
eeveml rosldents have pr ivate  (ground-water) 
euppllea . Moat of the wells  range from 16 t o  
SO f t  i n  depth and a r e  1% i n .  I n  diameter. 
The water l e v e l  is  f t  bbLow the  surface  i n  
the  cen t s s  of t o m .  Further evidanae a s  t o  
the  permeability of the a l l u v l e l  m i t e r i a l  ie 
the r epor t  t h ~ t  the r l v e r  loaee ,  volume appre- 
d a b l y  a5 i t  e n t e ~ s  tom,  and eleewhers s e v e ~ a l  
l a rge  springe rseue from t b e  gravele. One of 
these a p r b g s ,  at t he  r a i l road  ehope, l a  used . 
on an emergency supply. 

It would a p p w r  t o  the  w r l t e r  tha t  the  
problem of winter water shortage and slush- 
i c e  f o m t i o n  could be el imlmkad by aons tmc t -  
ing  (probably very 8conomioally~ one or  two 
wells .  A deop well  would y ie ld  e l l g h t e r  warn- 
o r  wcter then a shallower one but ,  In m y  
event, the temperature probably would be about 
40  P (the w a n  annual air temgerakure a t  
Relnee I s  40.9 F ) .  A deep well probably would 
a l s o  hawe a e l i g h t l y  h igher  head than a ahal- 
lower well, W i n g  f o r  s l i g h t l y  more economi- 
a a l  pumglng. Chilling of the water could be 
inh lb l t sd  by proper deal= and s i z e  of s to r -  
age bank; it might be deai rablo  t o  conalder 
the  practicability of a completely housed 
surfaae  preeaure tank, 

and aeo10gp.--Tho rooun tainous 
ng the  Gulf of Alseka cad extsnd- 

ing  from Mount Fairneather  to  Prince William 
Sound may be characterieed,  f o r  the nurpose 
of Chls report, a s  a region of Ngh, heavi ly  
gLealeted mountains, many of whose peaks 
a t t a i n  altitudes gceater tban 10 500 f t .  Bere 
t b e  g rea t  Maleapine and Berlng ~ L c i e r a  and 
many l e e a e r  g l ac ie ra  a r e  preeent . Along the  
sea a diacontinuaus lowland apron of a l l w i u m  
oocure, es glacial  outaaah and moraines. The 
l a r g e s t  development of theee  deposi ts  i n  t h l a  
province 18 a t  Bakutat (Tarr and Butler ,  1909, 
p l .  361, and Yalrataga. 

The high mountains a r e  composed l a rge ly  
of i p e o u e  and metamorpbia roaka, but between 
the s l l u v i a l  apron and the  h igher  mountains 
l a  a b e l t  of highly folded and f s u l t s d  sand- 
8tonea and ahales of Te r t i a ry  see. 

w d  water,--The great outwaab-plain 
depoelta ahould y i e l d  e a a l l y  mny n l l l i o n s  of 
gel lons  of water a day t o  welle, and even 
where the  outwaah deposi ts  are of small a r e a l  
extent i t  l a  l i k e l y  t h a t  hundreds of gallona 
of weter a minute should be obtnlned e t h o u t  
d i f f i c u l t y .  Morainal deposi ts may have r a t h e r  
poor yLel68, but i n  placea d r l l l l n g  through 
suah beds t o  outwaah-plain material below m y  
be pract loel .  Clayey-ti l l  depoai t s  may o c c u ~  
and w i l l  y ie ld  veqq l i t t l e  water. 

Beneath the g l a c i a l  apbon TertLery sand- 
stones mi t prove t o  be water-b0arJ.n~ In Wh p h a e a .  owever, I t  is not posaible t o  
evaluate thelr hydrologic qualLtioe e t  present, 
and meximum a t t e n t i o n  shot114 be given the 
shallower outwash r a t e r l a x  L$ l a rge  q u a n t i t i e s  
of s o t a r  should be des i red ,  

The q u a l i t y  of water from outwash gravels  
w i l l  genera l ly  be excellent and preferable t o  
w ~ t e r  .from surface ponds 'and lakea which 
geneml lg  contain much organic matEer ("muskeg 
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water"), and t o  water from most stream carry- 
ing roak f l o u r  in auspeneion. 

Yekutat 

Yakutat is about 5 mile8 eaat  of the  
PaclPi o Ooonn on t h e  south shore of W u t a t  
Bay and about 215 miles northwest of Juneau. 
The v i l h g e  kms about 200 Inhebitants,  almost 
a l l  na t ive ,  Fishing i s  t h e  only Lnduatry. A 
cannery omed by Mbby, YaNeil and Libby is  
eltuated a t  one end of t h e  v i l l age .  

The large Yakutat a i r f i e l d  i s  loceted 
near the  aoast .  Pac i f i c  Northern Alrllnee 
 lanes atop at t h e  field cm the Juneau- 
Anchorage run. 'Some C I V I L  Aeronautiaa Autho- 
r i t y  and Woather Wlreau pereonnel l i v e  i n  the  
area ,  e i t h e r  at t he  f i e l d  o r  near the v i l lage .  

Yfikutat was v i e i t e d  on February 6 and 6, 
1940. b y o r  Joe Mallotte furnished da ta  on 
the v i l l a g e  water supply  and Paul. O r l f f i t h  
of the C i v i l  Aeronautics Authoritg'e main- 
ttllnence department gave Information oil welle 
a t  the sir s t a t i o n .  

-hv and aeo1oa.e.--Yakutat l i e s  on 
e Low ooestok p la in  which r l s e e  gent ly  from 
the eea t o  the Barbieon Mountelns, about 25 
mllea d io tan t .  The more d i s t a n t  peak8 of the 
S t .  Bl lae  Range m y  be a a s l l y  been from 
Y l u t o t  i n  c l e a r  weather. The coaatal-plain 
sediments a r e  covered by e th idr  mnntle of 
glacial-outwash deposits. The adjaoent 
mountaFnoue area i s  heavily g lac ia ted  now and 
the  f r ing ing  coas ta l  plain probably was once 
covered by i c e  t o  the e m s  extent that the 
ore& lmmedlately t o  the  northwest l a  now 
covered by the  enormous Malespina O l e c i e ~ a .  

The area Fn whlch the s i r f i e l d  l a  a i tua ted  
is a monotonous muskeg f l a t ,  but  th8 vi,llage, 
4 milee t o  the  eest, i s  on a cliff rle lng 
s t eep ly  from the waters edge. 

Wat r u 1 --Three welle furniah the  sate-the a i r t i a l d .  One rsa  dug t o  
a depth of 18 f t ;  two a r e  dr lven wells 1 4  and 
18 ft deep, reapectively,  The depth t o  water 
i e  about 8 fi in t h e  swnmer and 8 ft; in  t h e  
winter. h c h  wel l  w i l l  y i e ld  up t o  80 gpm 
with oontinuoua pumping. P i t a  16 f t  i n  dia- 
meter and 12 Pt  deep have yle lded oe much ee 
200 gm. Tke water i s  s o f t  en8 e l l g h t l y  
aorroalwe. 

A t  the C i v i l  Aeronautics AuthorL t y  quar ters  
011 a high cliff near the v l l h g e ,  a well 85 
f t  doep supplies e igh t  familiae and a u t i l i t y  
b u l l d i n  . The depth t o  water In  the  w e l l  ie 
about 88 f t .  The miter is corroeive. 

Ln the v i l l age  of Yakutat, Mayor Mallotte 
has a dug well  18 ft dee on the hi l2alde .  
The depth t o  r a t e r  is 14 Pt . Water le ob- 
tained from a s11t bed below w h & t  mag be 
g l a o i a l  till. The yield of the well l a  less 
then 5 gpm. Elee.e,ere, people carrg weter 
from sprlngtr, aeepe, o r  smel l  brooks. 

Tae v i l l a g e  of Yakutat, r ecen t l y  changed 
i n  s t a tue  from a group dl.reoted by t h e  Alaskan 
Native Service t o  an indenandent; t o m ,  l a  
fac ing a p~oblem i n  ettemptlng t o  proqide 
modern eervlces.  The v i l l age  is b u i l t  on a 
h i l l s ide ;  g rav i ty  feed from surfaoe Lakes on 



high grbund, i f  suff ic ient ;  i n  quantity, would 
require  hundred8 if not thoueands of feet; of 
pipe betwean t h e  Lskea and the  v i l l a g e  and 
would de l lve r  i n f e r i o r  (muskeg) water t o  only 
a g a d  of the lnhabltanta unleaa an alevated 
e t o m g e  tank o r  preseure bank were used. A t  
present t h e r e  l a  no e l e o t r l c  power i n  tho 
vi l lage ,  although B power supply is planned. 
Mayor Iballotte '  s au~~gges t ion  that t he  f i r s t  
s t e p  might be t o  d i g  aevami  wells  and estob- 
l i a b  aevera l  wateF points  from which people 
could oarry water, aeeme log ica l .  Iater, it 
d g h t  be found thet sbalhw wells  dug o r  
d r i l l e d  e i t h e r  on the hillt3ida or  on the  hL 
ground above the v i l l a g o  might y l e l a  euSfio snt 
r a t e r  I;o supply the  v i l l a g e  a s  a whole and 

f' 
permlt the  eatabliglnhent of a municipal 
d i s t r i b u t i o n  system. 

Cordova 

Cordova l i e 6  on Orca Inlet, w h i k  opens 
southward i n t o  t h e  Oulf of  Alaska. The t o m  
i t s e l f  is an the  eest  ehore of t h e  i n l e t  and 
ocouptes the  s t eep ly  8lopLn ground Paclng 
tho asa. Cordova 1s 145  mlfea east-soutbeaet  
of Anchorege. 

Cordova h.as a population of  about 1,400. 
It i s  a Piehing town and has t w o  l a r g e  and 
f i v e  amall canneries and two cold-atorage 
g k n t e .  It was the tierminus of t h e  now 
abandoned Copper Rivel) end Northweatern Rai  l- 
pond esrving the Xannecott minee. The town 
he8 a i r  a a ~ v i ~ c e  tbree Cimae a week t o  Valclez. 
Pacl f io  Mo~them Air l inea  on the  Juneau- 
nncborage run, affordb d a i l y  t r a v e l  i n  both 
directions. Oceangoing vesaels  stop regular- 
l y  a t  Cordova. 

Cordova v$a v i s i t e d  b r i e f l y  on February 
11, 1949. Mayor 11% b t h w e l l  was contnoted 
and the ex i s t lng  water-supply ayatem was 
dlacusaed. 

To~opra~hv and .--COI%~OVK i8 
bul l t  along a s t e e p  
sea a s  shown on t h e  D, S r  Oeological Surva 
ma&" Cordova, A h a k a  l1 6d l t lon  of 1951. &he 
rock cropping out i n  €he immediate v i c l n i t y  
is grrywacke. To the  e a s t  the muntaln slope, 
mlah r l a e a  precipi touely  Sn back of town, 
is broken by a wide gap beyond which is &yak 
Lake. The lake ocoupiea a long, narruw rook- 
cut v a l l e y  thraading the mountains, in wbich 
l o c a l  g l a c i a l  scour  l a  evident. -I& take 
was formed when the  mouth of the val ley  wee 
damned by a deposi t  o f  glnelal sediments, 
probably morainal material .  ly ing in  t h e  moun- 

cannerlea also dll be eupplied wltb water 
dur ing the a m e s  of 1949 and, eoooxd1ng t o  
Mayor RothwelL a demand w i l l  be created 
equivalent t o  Ghat f o r  a t  I m e t  4 000 people. 
It i s  the opinion of  Mayor ~ o t h w e i l  %bat much 
if not a l l  of t h e  additional water needed can 
be obtained by repairing t h e  leaku i n  the  
-.and by i n o ~ e a e l n g  the height; af t he  dam 
severa l  feet. PuFthar incresges i n  the  t o t a l  
eupply might be obtained by developing the  
so-called cailmul r e se rvo i r  14 milea from 
town on tho n o ~ t h  aide o f  Eyak h k a .  Pumping 
directly from &yak Iake  h a a  4190 been contem- 
plated. 

I t  ssems l ike ly  that f a i r l y  shallow we=# 
o f  large y l e l d  m i g h t  be oonetruoted i n  t h e  
low Land between Egak Iake and t h e  c l t y  of 
Cordova. Although i+~e a l l u v i a l  area is  re l a -  
t i v e l y  emgll, perhape l e e s  than A qua r t e r  of 
a mile wide and about as long, the  underground 
r eae rvo l r  would be wnatanbly replenished by 

- t h e  a t e r  f r o m  t h e  lake.  The lake l e v e l  l a  
said t o  be more thm 10 ft higher than the 
high- t ide  level, and dsnger from sal t -water  
contamination probably would be negl lg lb le .  
Inexpensive ehallow t e s t  d r i l l t w  nlght ba 
necessary to l o c a t e  the  most permeable p u n d  
i n  order tha t  producing we1I.e oould be con- 
s t ruc ted  wlth rmxl.aum eff la ienoy.  Such a 
supply would eliminate the l o  p ipel ine  
neceaaarg Ln dovsloptng the  r z l r a a d - r e s e r v o i r  
supply,  and the wa tar obteined would be of 
b e t t e r  .sanitary quality than t ha t  pumped 
d i r e c t l y  fmm t he  lake. 

Valdes Lies a t  the head of Port  Velaea, 
an arm of Prlnce W i L l i a m  sound, and l a  said 
t o  be tho " fa r thes t  nor th  ioe-free hsrbor in  . 
Alaaka ." Bowever, t h e  R 1  chardaon Highway 
connectin& Valdec nith i n t e r i o r  A h a b  usual- 
l y  has not been kept open i n  the  winter md 
Valde~,' I l k 8  EbLnes, I s  ac t ive  ee a por t  only 
in t h e  warmep months. The winter of 1948-50 
p r l v a t s  i n t e r e e t a  kept t h e  8outhern part of 
t h e  ~ticbnrdeon Highway opem and t rucking t o  
Fairbanks and Anehnwge continued all winter. 
Fishing is important in the l o c a l  economy and 
i a  supplemented by a cold-stomge plant.  
There ma been a l i t t l e  gold mining i n  the  
area. Valdea hee a populaLion of more t h b  
500. 

The town was vleited on February 7, 1949. 
Mayor 0. 0 .  8 t i t h  wee contacted, and during 
t h e  evening the l o c a l  pmbleme were d i a a u e ~ e d  
w i t h  members of the  t o m  c n u n o l l .  

t a i n  duet e a s t  of t h e  town. 
of maximum g l a c i a l  mel t ing ,  i t  i s  Y and r e o l  o a .  --Va 188 s f r o n t  a 
one o r  more channels were cut- i n  this morslne 
and 8ubsequently wero fl11ed with permeable tending baak to  tha foo t  of tho v e u e s  O h c i e r  
water-laid sand and grave l .  4 mlles distant,  as sbm on/ t he  0. 8 .  Oeob- 

a i c a l  Survev tocamaghic nep. "valdee and 
Water sugplg.--!W o l t y  obtaina i t8 

water from the ALPslra Publia Utilities OO.,  
e pr ivate  concern. W s t e ~  i s  piped. from a 
reeervolr on the mountain e a s t  of town about 
a mlle d i ~ t a n t .  The mpplp 1s genera l ly  ample 
exoept i n  the winter, but on r a r e  occaalone 
there has been only enough water t o  8uppLy 
the coneurnera f o r  fibout 2 hf each day. 

Although about 1,400 persons a k  served 
a t  present, it I s  planned that the two l a rge  

&c ln i ty , "  i d l t i o i i  of 1930.--This area  l a  an 
m t w a a h  p h l n ,  probably m r i n e - h i d  i n  +I%, 
and 1s uoderla5.n by gravel,  s i l t ,  and minor 
c l ay  beds. The t o m  s i t e  is aubjeat  t o  flood- 
ing f r o m  meltrratera of the  glaaler, and a - 
dike has been b u i l t  around the t o m  t o  elimi- 
na te  this heaard. 

W . - - ~ r l v ? l t . e l ~  owned l+in.  
driven welle rang- from 20 t o  30 It i n  depth 
supply .the reeidenta rrlM water. !he depth 



t o  r a t e r  l a  about 4 ft below t h e  aurfaoe In 
t he  aenter  of town, In add i t ion  the re  are 
nine  6-inch wells  about 27 Pt deep a t  verloua 
places i n  town thet are used f o r  f l r e  pro- 
t ec t ion .  The 6-Inah wells  are caaed wlth 
s t e e l  pipea, t ha ' ends  of  which were tapered  
by cut t ing ,  bendlng,.nnd relditng. The oaeinge 
wera then perfora ted  md - f ly  were dr iven 
i n t o  the  ground by a p i l e  d r ive r .  Thme 
wella supply ee muob as 500 g p  t o  a cent r l -  
fuga l  pump under oonttnuous opemtlng oondl- 
t lone.  

The water obtained in  t h e  to rn  i s  l a l r l y  
soft and f r e e  of iron.  A we31 a t  an abandonad 
A m y  i n s t a l h t l o n  a t roae  the  creek just nor th  
o f  torn  l a  report-ted t o  have fum1shed.dia-  
color8d weter high i n  lmn o r  organic mBCerin3. 
The temperature of the ground water at Valdaz 
l a  reported t o  be 3'7 F. 

It eeeme obvloua tha t  a municlpal supply 
could be obtained e a s i l y  and emnomically by 
u t i l i z i n g  one of the exfa t ing  Pire-proteation 
weUa. In  aons ldera t lon  o f  s a n i t a r y  oondi- 
t i o w ,  however it probably would be bettar 
t o  bill a weli a t  t he  e a s t  (higher)  and of 
town. It m l g h t  r l a o  be des i r ab le  t o  attempt 
t o  develop weter from n somewhat greater 
depth than 27 f t ,  with the  expectat ion of 
obtaining purer ,  e l i g h t l y  warmer viater. The 
s t a t i c  water l e v e l  In such a well  should be 
s l i g h t l y  higher than t h a t  I n  a ahallow well. 

Kenal, Peninsula 

The Kenai Penineula l i e s  between Prinoe 
Wllliam Sound and t h e  Oulf of Alaslca on the 
e a s t  and Cook Inlet on the  west, and extends 
northward t o  a l i n e  drawn through THhlttler 
on the  eae t and 'Pumagain A n n  on t h e  we s t .  

T O ~ Q R  .--me rugged Kens1 Mountaine, 
having a 6F!& w l t l t u d ~  of 5,000 t o  5,000 
f t  in w h l o h  a r e  many exiatlng g lac i e r s ,  11s 
along the eatitern s i d e  or t he  peninsula and 
make up almost hlf t he  area .  On t h e  west l a  
a b ~ o a d  lowlpnd be l t  genera l ly  50 t o  200 ft 
above sea level ,  al though r i d n g  t o  a s  much  
as 2,000 f t  i n  Home places.  

Geoloa.--The mountains a r e  made up of 
highly fowed  eohist. s l a t e ,  and graywsoke 
and l e a s e r  volcenlc rodsa of Paleozola and 
Mesozoic 880, ihareae t h e  Western lowland is 
made up of gently foldod s l l g h t l y  connolida- 
t e d  aand end o h y  a d  many l i g n i t e  beds, 
apparent ly  of Bocene age (Martin arid o thers ,  
1915, pp. 33-56). 

The lowhnd mcelved g l a c i a l  denos i t s  
from l o c a l  Kenei WounCain g l a c i e r s  and fmm a 
campoalte g l a c l e r  OrtgFneting i n  the upper 
Cook I n l e f  -Sus i tm  besln, and t o  a l a r g e  
extent  i t  i e  now underlain by a t h l c k  b a e d  
aheet of till i n t e r e t r a t t f l e d  w i t h  l o r n 1  bed8 
of water-laid sands and gravels  upon wPloh 
l o c a l  moralnee and ana l l  outwash p la ine  are 
developed. 

GlWUMd .--!he g l a c i a l - o u k ~ a ~ h  p la ins  
deval&Kenai Peninsula should yleld 
m d e r a t e  t o  large. q u n t i t i e s  of water f r ~ n  
place t o  pYnoe. Wlthln the mountainous a r e a  
the deeper end wider U-shaped val leys  end 
canyons mou th  should contain p r o l i f i c  water- 

bearing beds. In the wee t e rn  lowlana t h e  ' 

occurrence of well-sorted coarse aand i a  mare 
sporadic; outwaah plalns are not everywhere 
present  and munt be tiought l n  ereas  betweea 
low, hummocky till ple ine  and morainal ridgea. 
I n  some places a t r e t i f l e d  beds wltbln o r  be- 
low t h e  till shee t  m e t  bb eo@t by t e s t  
d r i l l i n g ,  but suah bedti meg be l e n s  p r o l i f l c  
than  thick coarse m v e l l y  outwash-plain de- 
pos i t s  a t  t he  aurfsoe.  

The Ter t ia ry  ahale  and sand beds beneath 
t h e  g l a c i a l  depoaita may s o l d  wafer t o  weUe 
but nothing i a  known of t h e  hydrologic charso- 
t e r i s t i c s  of thesa depeblta a t  present .  
Although eand and poorly cemented sandstone 
a r e  present, t b o i r  g e m e o b l l i t y  may be low o r  
r a t e r  from them may not be or good. qua l i ty ,  
Here, too,  t e s t  d r i l l i n g  would be des i r ab le ,  
consLdering the r e g t l v e  importance o f  t he  
area  aa compared to many other  a reas  -of Alaska. 

Develorxqm k. --Seward and.Whittler, on 
the  mountain aide of t he  penlnaula, a r e  
important communities as por ts  of entry and 
probably wlll continua t o  be so. On t h e  low- 
land bordering Cook I n l e t  the economy of 
severa l  comuni t l a s  ia based now on the  f i s h -  
ing indus t ry .  However, farming may become of' 
major importanoe on khe Kenai lowland. Some 
land is a s i t a b l e  f o r  the raising of cropa and 
a greaC d e a l  of Land i s  more' or l e a s  euited 
t o  t he  grazing of a a t t l e .  Likewlae, t he  low- 
l a n d  i s  under la in  b deposita of low-grade 
00.1 which eventual ly  1.7 baaxp lo l t ed .  m e  
peninsula aa  a d o l s  e t t r a a t s  aome eportamen 
and vacationere and e f f o r t  i a  being made t o  
increase  the  t o u r i s t  bueineea. Eence it 
appears t h a t  the f u t u r e  of t he  Kenai Pen insuh  
18 flrmly founded. 

Seward 116s on the  eae t  side of the  Ksnai 
Peninsula, j u a t  off the Oulf of Alaska and 80 
miles south ,bf  AnchoMge. 

Seward, hevlng a 'population of about 
1,000, i a  a seapor t  having th ree  docks. A 
large par t  of the aoode t o r  i n t e r i o r  Alaska 
l a  unloaded a t  Sewed end oarried northrrarQ 
by mil .  Fishing is a l s o  a primary industry 
and a cannery and oold-storage plant  a r e  
s i t u a t e d  i n  the town. l'he lumber m i l l s  a l a o  
add t o  the econmy of tha area ,  a s  doea the 
T e r r i t o r i a l  Seward Sanitorlum, which has a 
total of 225 pa t r en t s  and personnel. 

In  addi t ion  t o  the facilities offered by 
the l a rge  s t eamblpa  and the Alaaka b i l r o a d ,  
t h e  area ha.8 d a l l y  a i r  s e rv i ce  of fered  by the 
Chri s t i ansen  Air Servloa,  aonnecting &ward 
and Anchorage. 

Seward was visited b r i e f l y  on F e b ~ u a g  17, 
1049. The f a o t s  presented here were obtained ' 
i n  iarge part  from Mayor John Ianisr and 
Hedley Davis, owner of the Sewaml r a t e r  BYE- 
t em. 

' To~onraDhy 4nU ~ e o 1 o q . - - s e r a r d  118s on 
a small  alluvi( l1 shelf  projec t ing  i n t o  t h e  
sea from the wgat wnll of a deep, wide can- 
yon. The rock-walled bey i s  protec ted  by 
smal l  ateep-walled ielenda ac ross  the harbor  
entrance. A shor t  d la tance  north of Seward 



t he  canyon mouth f a  completely f i l l e d  w l t h  
s t  s e a - l a  i d  a l l u v l m  of gla c i a 1  or ig in .  

Water 3 .--The oity l a  eupplled from 
spr ings  t h a z e  f r o m  'bouldar f o ma t ionen  
on the  s t eep  mountainalae high above the 
a l l u v i a l  f l oo r .  A t  t h e  Mmnt M,arathon spr ing  
a r e  th ree  tanks having a t o t a l  capsot ty  of 
26,000 gal, a t  Jap  Creek e r e  two tanka having 
a capaci ty  of 1 , O D O  gal, end 'between these l a  
an tmnamed sp r lng  and a tank having a s torage  
oapaclty of 10,000 gal .  

Omund water Is not  developed a i t b i n  the  
a l t y  l l m i t s  of Bewad,.  However, a t  the Sera& 
Sanitarium, where the alluvium is spread com- 
p l e t e ly  a a m s s  the canyon, a r e  th ree  8-inch 
wel ls  that are used a3 a stand-by supply. 
There a re  two 26 000 gal s torage  tanka a t  t he  
h o s p i t a l  also. 4he oapaoi t ies  of tbe welle 
a re  no t  known, but  l a  reported by M r .  Davis 
t h a t  one of them w l l l  furn ieh  sufficient water 
t o  sup l y  t he  e n t i r e  hoap t t a l  (a minimum of 
16 It l a  t he  writer's opinion t h a t  
t hese  w e l l s  probably h a v e  very Mgh p o t e n t i a l  
y ie lds ,  .%a they are devsloped In  ma te r l a l  of 
apparently high permeability a lmi l a r  t o  t h a t  
a t  Vsldee. 

A t  t h e  f o m e r  Alaaka Comnunicatlon Syatem 
ra&o a t a t i o n  nea&y, on land now oaaupied by 
a Mr. Bland, a 2%-inch well was driven more 
than 20 gr ago. Thls  well  f l o w 8  about 20 gpi 
a t  a .height of ft above the  land surfaoe. 
Tf e l a r g e  add i t iona l  supply of water were 
needed i n  the Seward &ma, i t  would s'em l i k e -  
l y  that it mimt be ava i l ab le  economifa~ly  
f m m  shallow we313 d r i l l e d  on the broad v a l l e y  
f l o o r  juat northeast of tbwn. 

Maoee Pese 

Mooae Pass l i e s  on the  west bank of 
Mooae Lake, which oacupiea one of a s e r i e e  of 
long, r e l a t i v e l y  narrow amyons extend1 
northward flmm Sewa~d thmugh t he  Kenai?oun- 
t a i n s .  The v i l l a g e  i e  25 mi les  north 0f 
&ward on the Alaeka Railroad and the n8w 
Seward-gem1 highway. Eventually the high- 
way w i l l  be extended t o  Anohorage. 

m e  v i l l a d e  has a population of about 90. 
The working of small indiv lcbal  gold s i n e s  In  
t h e  immediate a re& provides the loca l  source 
of tnoome. 

T o ~ o n r e ~ h y  and ueolofiy.--Moose Pees l i e s  
on a narrow sloping shel f  of g l a o l a l  depoal ts ,  
probably i n  pa r t  water-laid d e ~ o e i t s  formed 
along the  edge of' en i a e  m e a  o r  st e hi&er 
stand of  t he  l a k e  I n  g l a c i a l  timea. The shell 
l a  about 10 to  20 f t  above the  l e v e l  of the 
lake  and tennlnatea agains t  s t e e p  oanyon 
walls. 

Mooae Paee was v i s i t e d  b r i e f l y  on 
Fobruary 17, 1949. Tnformation g r e ~ s n t e d  
here  was given by a group of d ti P A N  at t h a t  
time, 

--There tare about 20 drlven 
w . l l a W i e ,  I& i n ,  i n  diameter, 
ranging i n  depth f r o m  10 t o  16 f t .  The depth 
to  water i n  these rralle i a  5 t o  10 f t  b?low 
t he  land surface,  depending on the looat ion .  
The wel l s  penetrate clay, sand, and pea, gravel ,  

i n  t h a t  order. One of..theae r e l l a  aupplierr 
a country school hsving an enrollment of 16 
pupila . 

Robert aad mard Eatea h ~ v e  a 16-inch 
p ipel ine  b a b i n g  up t o  a dam 176 it above the 
v i l l a g e  , ( a  d ia tanoe  of 750 ft) . m e  pipe 
br lngs  water t o  thefr s t o r e  and t o  a a m 1 1  
hydmelae t r l c  p lant .  Water shortages ocaur 
from t h e  t o  time, and it i s  planned t o  in- 
crease the  capaci ty  of t h e  r e se rvo i r  t o  a 
mximun of 1 4  d l l l o n  gallons.  

Developing a municipal supply a t  Yooee 
Paea abould greeent no dif f1oul t iea .  Arrange- 
ments might be made with the Meeara. Bates 
t o  provide water under pressure, or a g-rounb- 
water supply aould be obtained econamically 
from ahallow wells a l m o ~ t  anywhere along the 
mad leading through t h e  v i l l age .  Proper 
protection DC ciitietribution l l nea  agains t  
freezing,  by burrla1 ln the unaonaolidated 
alluvium, ~hauld  not  be d l f f i o u l t .  

Homer l i e s  on the  nor th  ahore of Kaahemak: 
Bay nea r  the  southneat end of t he  Kemi 
Penineula. bchermk Beg l eads  out i n t o  Coak 
I n l e t .  The town l a  125 miles south-aoutkmeat 
of Anchorage. 

Homer has a population of 450 mostly 
white. Firrhing I s  t h e  major lnduatrg, and a 
cannery and cold-storage p lant  a r e  located on 
the epit below town. Several  gardena groduoe 
food f o r  l o c a l  consumption, and the erea  l a  
being homeetaeded wi th  the  expeotation t h a t  
t h e  opening of the highway aonneoting Homer 
with s e w e d  and Anahorage w i l l  provide a m r k e t  
f o r  vegeteblea, beef, dairy, end &token pro- 
duote.  A doak, t o  be b u i l t  soon by the Alaska 
Road Comleeion will make poserlble dl  r e a t  
water-bone f r e i g h t  shipments f r o m  the S ta t ee  
and t o  end f m m  Anchorage. Reohens& Say i d  
ice- r ree  a l l  winter .  

The area  h a  a i r  s e rv i ae  th ree  timea a 
week by the' Zaol f ic  Northwest A i r l i nes  and 
se rv ioe  twiae a week by the  Ahaka Airl inee.  
Both l i n e s  o r ig ina t e  a t  Anohorage. 

Hamer was v i a l  t e a  on February 16, 1949. 
Several  indiv iduals  gave lnformatlon on t h e  
l o c a l  r e t e r  supplies,  p a r t i c u l a r l y  Leroy Wythe. 

o A D ~ Y  and neo .--The tom l i e s  
on sly-9 from the aea t o  
t h e  lowland plaln,  whlch is about 1 200 ft 
above see level a s  ehom on U ,  8. heologieal  
Survey topogra&c r p lbSsldorla (C-4)) 
Alaska, e d l t i o n  of 1948, and "Seldovie (c-51, 
Alaeka,"' edi  t l on  of 1951. The surPic ia1  
mater ia l  l a  l a r g e l y  a i l t g  alay  of Qurrtermary 
age; a &or t  d l a t m c e  west of Eomar, TertlarJr 
aoal-bearing e t r a t a  crop out .  The coal beds 
were enoountered 8 few f e e t  abovs eea l e v e l  
i n  h ~ o y  Wythet9 well .  Low-rank coel  has been 
mined near  Homer and, st pranent, much f u e l  
f o r  b o a 1  conaum t l o n  1s.obtained from the  
bench, viha~e  coQ from aukmarine outorops ie 
thrown up  with each 'El&. 

Water e m . - - T h e  t o m  a t  present  l a  
poorly supplied with water. Two lndividuala 
b v , e  reaclntlg oomgletbd deep wells auccesa- 



Three establishments, t h e  schoal, the 
?,"Zn  o t  tho c i d l  ismneut ioa ~uthority, 
and t h e  Heady Hotel, have smal l -&meter  
pipelines lesdirlg t o  springe on t h e  h i l l a i d e .  
A t  the t i m e  of the wrltar'a v l a l t  these  were 
f rozen up. Itleewhere th4 people ,obta in  water 
of very  poor q u a l i t y  Prom emall spr ings  i n  
the mwkeg o r  from small brook8 on the  h i l l -  
a ids .  

&roy Wythe recent ly  bad d r l l l e a  a 6-inch 
well 113 ft deep. "Blue day" ma penetrated 
to  a depth of 106 f t .  A water-bearing eand 1 
f% tMck lay between thls and t he  under1 
~0 .1  beds. The depth t o  water i n  t h e  w e g 8  
was 40 f t  below the  aurfeoe. The y le ld  of 
the  well  i s  not known. An annlyaia of thle 
water ( t a b l e  2 )  ahors t h a t  i t  18 a eo f t  
ba lm-b ioa rbona te  water containing 114 ppm 
of chloride.  

A t  the Chamberlain and Wataon e tore  on 
the  slope below Opthela well; another well  
waa completed a t  115 f t .  Tho l og  and yleld 
are not known. The depth to  r a b a r  La 35 f t .  
!h-~l,e .well gieldn water wl th  a muah h e r  
mlneml content thnn Wythet8 wel l -  It  La, 
however, a hard aaZc1um-bi oarbonate water I n  
wblch chlor ids  l a  negligible ( t ab le  2). 

Fluor ide  l a  preaent i n  8mall mount  i n  
the water f r o m  both w e l l s  0 . 4  ppnt i n  Wgthe'r 
we l l  and 0.2 ppm i n  t h e  ~ b m b e r b i n  and la teon 
well .  Such small  quantitiee of fluorlda are 
considered hnmleaa ; l a r g e r  quan t l t i ea  up t o  
1.0 ppn are dee , imble  i n  dr inking ester f o r  
children as an i 'nhlbitor of tooth  decay. 

U n d e v e l w  a w o ~ l i e s .  - - h o  sprlnga high 
on the hi l lmlde  a ro  reported do heve a flow 
e u f f i c i e n t  t o  aupply t h e  present  neoda of the 
Gown if moderate s torage  ie provided. Rw- 
ever, t h e  qua l i ty  of t h e  waCer i s  s e l d  t o  be 
only fair, proteabion fram aontamlna~ion ma , 

be d l f  f i c u l t ,  a m  t rouble  from f reezing ang 
s i l t i n g  may be expected, nnd a long plpoline 
w i l l  be necessary. 

It i s  possible tha t  a supply s u f f i a i e r t  
f o r  the  need8 of the  communltp can be develop- 
ed from d r i l l e d  wells  of rnoclemte depth,  X t 
aeema unl ikely  that t h e  y le lde  of the  present 
wells  are g r e a t  enough t o  meet more than 
rainimum mqulrements. The water-bearing bed 
tapped by t h e  ppreaent wells ie a t b l n  srrub and 
may not be sufficiently exteneive laterally 
to support a continued d e m t e  demahd. 

K e n a i ,  overlooking Cook Inlet on the weet 
ahore of the  Konai Peninsula, l i e 8  8 4  mlles 
aouthweat of Aaahorage. The v i l l age  is senred 
b.1 A l a s k a  AirZines and PaolSZo Northern Air- 
l i pee ,  lrhlch make three stops a weak. Alaeh 
Alr l inee  flights t e r m l m t e  a t  Anohorage and 
Bethel, and P a c i f i c  # o m e n  f l ights  t e q i n a t e  
a t  Anchorage and Kw&~k. The A l a e k a  Road 
Conidasion eomplat8a a m a d  Ln 1948 comaot- 
irig Kenai and Sewnr5; a branah f r o m  that roab 
i s  t o  be  construotecl to .  conneot vlth Anchorage, 

Kenal b e  a populatio~ o f  500 In slmDaeF 
and 250 i n  winter. Fishing 1s t h e  major ln- 
duetry and, in t h e  Bu%mer of 1948, two land 
aannerlee and one floating omnery r e r e  i n  , 

opara.atlon. There a r e  three  small lumber 
m i l l a  i n  X m a l .  

Kern5 *as v i e i t e d  on February 16, 1949. 
E. Thornton and eeverel  o ther  leading c i t l -  
eem were obntaeted and the '  l o c a l  water-supply 
problems rere d i swseed .  

.--Keno1 l l e a  on the  edge of 
the  b-nd artendlng from the base of 
the KeneL Uountalna westward t o  Cook t n l e t .  
The village itself 1s near the  edge of the  
c l i f f  overlooking Cook In le t ,  a t  an a l t i t u d e  
of about 100 P t  aMre  nes level .  

--Kens1 ie aupplied by d 
d-ioat of *ich range from % 

t o  30 i t  i n  dapth. The water-bearing mateHal 
i s  a moderately f ine-greined dark send of a 
l a o a l  outwssh plain (Karlgtrom, 1960). The 
dr iven wella ere or  14 in. in  diameter and 
are equipgad with drlve-point  a t m i n e r e .  One 
dug well on higher ground ie 60 f t  deep, and 
in s few glace8 on low ground well8 a8 shallow 

7 ft p ~ o v l d e  water f a r  a household. The 
w a t e r  obtained is @ o f t  ov only moderately 
hard m d  doe8 not oontain iron.  Sa l t  water 
is reported In a few wells near  the  shore. 
A s  the a s t e r  level8  i n  t h e  r e l l a  are above 
sea  l eve l ,  t h e  s a l t  w o t e ~  probably hns not  
enoroaohed from the  aea but l a  preeent i n  t h e  
sediments near  t h e  ahorahunder mtural  condi- 
t ione.  

A qannery at  Kenai obbains l t a  e n t i r e  
suppl frim two dug wells 10 by 11 ft across 
md 21 f t  deep. a t  tbe C l v l l  Aeronautice 
AutAorlty etation, .  8 4-loch well ma d r i l l e d  
t o  a deptb of 187 f t  with no apprent  shange 
i n  l i thology; the  r e t e r  i s  s a i d  to  have becoma 
a d t i e r  rrl th depth. T h e  s t a t i o n  i s  now sup- 
p l i ed  n i t h  water P m m  a dug well  23 rt; deap, 
*lch yie lds  a mafirnun of 10 p a .  

The neares t  mrFaae-water supply i s  a 
' 

muskeg lake 8 milee diatant. It seems l i k e l y  
Chat ample water ocluld be obtalned f o r  sr town 
eupplg from s dug we31 looated i n  some place 
p r o  teo ted f r o m  pollution. Whether B larger 
aupply  of freah m t e ~  1s available from some 
ooaraer stratum a t  d e p t h  can be determined 
only by t e a t  d d l l l n g .  

U D W ~  Cook I n l e t  

Upper Cook Inlet; m y  be uaed t o  deaig- 
nnte t he  baeinal  area a t  t h e  head of Oook In- 
l e t  and drsined i n  largest p a r t  by the  
Sueitna River and the Matairuska R i v e r  and 
CheLp tritutaries. It conais ts  e s a s n t t a l l y  
of  a broad Lon area  rimmed by the Chu ach 
and talkeekna Mountains on t h e  east ant the 
Alaska Range on the  nor th  and. w e s t .  

The l o f t y  mountain mngea are made up 
of a aomplex variety of o lde r  rocks but no 
attempt w i l l  ,be made hare t o  deacribe them. 

11% the Pleistooene epoch the lndlvldual  
g l a o i 8 . r ~  o f  the mountain rangee coaleeosd a s  
they moved outward and southward down Cook 
Inlet;  and depos i ted  a l l u v i a l  m t e r i a l  In t h e i r  
advanoa, I n  i t s  e m e t t c  r e t r e a t ,  end par t i -  
o u l a ~ l y  be t he  composite g l a c i e r  tended t o  
s o p r a t e  i n t o  individual oomponents, ofher 
types of deposits were f o W .  'fhe deposite 



directly o r  c lose ly  related t o  tho movsment 
and melting of i c e  rere later moQ$fled. J,n 
many p b o s e  by s t r e a m ,  whloh mnt inue t o  
~IOW t d s g  (~apps, 1936, pp. 77-70). 

t e r t i a r y  sedlmente crop Out i n  plroee 
aiong t h e  edaea of the.slluvial basin  but in 
t h e  a e n t r a l  p a r t  of t h e  basin the  eedimente, 
i f  preaent, w y  have been @@atly  thlniled by 
ero4lon o r  even remwed en t i r e ly ,  and Ple18Co- 
oene and Recent s e d h e n t a  may 119 d i r e o t l y  
on older  hard rock. 

A reoent ly  completed yap of the uncon- 
sol idated  aedimente in the Anchorage end Knik 
quadnnglea (Dobrovolny, 1950, p l  . 1) af Porda 
a n  oxoellent  p lc ture  of t h e  main geoSogi o 
elements prsaent i n  the area'  nnU, the  problem6 
involved I n  their i n t e r p r e t a t i o n .  

For a ground-water e t rdy perhepa . the 
nost  e i m l f  ioant  feature l a :  the out rash  p b i n  
extending fmm t h e  mouth of Eagle River oenyon 
Bouthwsatwsrd aeroea t h e  ame i n  whioh $ h e n -  
dorf Fiela, Anchorage, and out ly ing  communi- 
t l e a  a r e  located.  South of Anahorage ,the eand 
and grovel of t h i a  outwash p h l n  grades l n t o  
(or abate 9 )  f lne r  sands PomLng much of the 
hlgh .ground. 

The low h i l l s  adjaaent t o  the Chugaah 
Yountaina a r e  shown to  be l a r ~ e l g  impermeable 
gleoial  till, but west of t h e a o  t i l l  h i l l s  
l l e a  e narrow b e l t  of coarse, sediments auc- 
ceeded by a wider b e l t  of f i n e r  sands .  North 
of the outwash g l a h  l i e e  a f a i r l y  M r r o s  
east-west b e l t  of till forming the h i l l 8  seen 
nopth of Elmendorf Field. Along the sea and 
in  the e s t u a r i e s  of Chester Creek and Bblp 
Crook bLue marine clay crops out.  ? h i 8  cley 
i s  overlapped by or i n t e r f i n  ra wlth the 
outnnh-pllaln .and a d  grave? 

In the Eagle Bay area  a fairly broad 
p i t t e d  outwash pla in  l a  .deveLoped nor th  of 
t h e  eaet - res t  till b e l t .  This nay be bontern- 
pomneous i n  age wl th t h e  Anahorage outveah 
pla in ,  but c e r t a l ~ l y  the  aedlmenta hen, were 
derived from 81 g l a a l e r  o r ig ina t ing  t o  the 
no&h o r  northwest, 'uhemaa the  Anohorage 
p la in  or ig inated  f r o m  A g l a c i e r  In '8egle 
Canyon. Tne east-weat till b e l t  mey'well rep- 
resent  @ l a t e r a l  momine devaloped along the  
i c e  tongue extending from the nor th  o r  north- 
aoat and encroaching upon the llnchoregs pLB m. 

Anchorage l l e s  on the south shore 0 l  ' 

Knlk A m ,  which empties southweetwan3 i n t o  
Cook b l e t .  It  18 ~ ~ o b a b l y  -the faateat-grow-. 
ing a rea  in A h a h .  The popula t lon,ot  , t he  
g ree te r  Anohorage a rea  waa about 31,OM) i n  . 
3949. It Lti a major a i r  termlna1. No~thweat 
Alrlines planes enter  Alaska hepea from :St. 
Paul and S e a t t l e  and from the  Orlent. . . Paoif ic  
Northem Airlines conneata Anchorage and ,Juneau, 
and o the r  runs terminate a t  Kodiak snd Naknelek 
d t b  intermediate stopa -at .Homer; AL~aka 
Air l ines  f l i e s  to Palrbanka in thd i n t e r i o r ,  
b o Vome v l ~  McGrath and Unalikleet; and t o  
Bethel v ia  Gnat, ~omer;< and..~aknei;  Northern 
Consolidated A i ~ l l n e a  has a weekly f11@C f r o m  
Anchosage- to  Mefiath; v i l lages .  d o n g  t h e ,  1 0 ~ 0 ~  
Kurkokwlm, and--Bethel. Chirab 1 aneen : A i r  . , 

Semlae  ,Mem.fl ights  to ;deaard. Xn addit ion,  - 

nonaeheduled f l i g h t s  am aade from Andhorage 
t o  the StAtea. 'The Alaska Railroed peaass 
through Anohorage en rmte from bewad t o  
fair bank^. The Olenn Highway connects with 
the Alaaka Highway vLa t h e  Tok Cutoff (nor 
p a r t  of t h e  Olann Bigh-89) and w l t h  t h e  port 
of Valdee and BaFrbenks via the Riehardaon 
Hlghway . ' 

For t  ~ d h a t d s o n  and t h e  glmendorf A i r  
Force Baa8 a r e  J w t  northemat of Anchmage. Q 

Large - sa le  oonatmation e t  theae -baaea under 
way a t  preabnt and to be f o r  eevera l  ye.ara l a  
extremely important t o  the ecmomy of Anchorage. 

Anchorage 18 a u p p l o d  a t  present by 
water pumped from Ship Oreek, ngar the  mwtb 
of t b t  stream within the  , c i t y  l imi t e .  Thta 
aupply l a  eaeenbia l lg  smell and inadequate, 
and conaideration i s  now betng given t o  a plan 
t o  bring water i n  by pigellne from a ~9servoS.r 
on uppet Ship Creek. Only p a r t s  of t h e  g r e r t -  
e r  Anchorage area' a r e  now aerved by c i t y  
water (and, seweiv), end mnaider lng t h e  low 
denslty of population end dtatancea imrolved, 
it may not. be eoo~omiaa2ly f e a s i b l e  t o  8 1 3 ~ ~ 6  
some outIyiag  area8 I n  the Immsdiata i u tu ra .  
A t  present m y  r e l a t i v e l y  shallow dug o r .  
d r i l l e d  well8 a e m e  a f a i r l y  l a m e  part of 
t h e  hclmee in outrlylng d i e t r i c t s .  

Large wdter'demandq dl1 be made by power 
plants  bhloh US8 water for cooling, i f  those 
now plmmietl are conetrmoted. Many houaing 
p ro jec t s  a h  no* i n  ebayance, pending acqul- 
s i t i o n  of approved 'water aupplles of any k M .  

The weher-supply pmblema of the area 
ra i l1  be Curther Pnoreaned by the building of 
a 400-bad hoepita1 by the Alaska Hative 
Service end contttnrat5on of the  In te rna t idna l  
Airport; a t  w e '  Sgensrd, juat  south of 
Anchorage, and by the openLng of tZld highway 
t o  t h e  aouth es tabl iehtng road connection 
with the conmunttles I n '  the K e n a i  Paninsula. 
Construction of tho Bklutns dam end power 
p lant  between AnohoFage end Palmer dl1 pro- 
mote the eootromlc growth of t h e  a r e a  t o  same 
axtent .  

f t would &pgbBP sthat ground-water a ~ p p l L e ~ ,  
i f  obtainable i n  quanti ty,  might fit i n t o  the 
over -a l l  rater-aupply p loture  a s  followa: 
(1) serve atees  aukaide t he  lmm8diate network 
of d i s t s ibu t ion  I l n e s ,  ' (2) 'be t i e d  i n t o  pmaent 
and future dte t r%but ion l i n e s  now carrging 
auTface w&ter t6 e l l e v l a t r  c o n d i t i o ~ s  i n  low- 
pressure apota (3) a e w e  es emergency 8upplib8 
everywhere. 

Data mpplied by John Mohemey of the 
Corps of m i n e e r a  off1  oe e t  -For t  Richardson 
a r e  moat h b l p h l  Sn obtaining a three-dimen- 
a ional  p i c t u ~ e  of the geological  formations 
and i n  making generelkeations regaf i ing  gmuUd- 
watep suppllee.  A auamry of t h e  more s igni -  
f i c a n t  dgte I.n the lmec¶lete v i c i n i t y  of 
Anchorage 18 a a  $olloma; 

AC Yountain View, 2 m i l e s  east-northeast  
of Ancliorn a a well drl Zed in 1943 t o  a 
depth oi', 

4 
'f h 'tn the outcash p h l n  1s. re- 

ported t o  have hed a flow o f  104 gpm. Another 
well, 51 ft deep, yields 35 gpm t o  a pump. 
I n  t h i s  wel l  n g e v a l ,  wlth aoms-dir tw wae 
penetrated'between 28 an0 39 ft and. Q ~ a v e l  
and watere bstwbsn 39 and 54 ft. A thi.rd. ' 
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well hereil 44 S t  deep, yLelds 30 gpr. "Sand 
and watsr s e r e  penetrated between 33 and 44 
f t .  

"Test well I A i r  ~ e b t , "  whioh l a  about 
I& mllea northweat of Mountain View a t  an  
a l t i t u d e  of about e00 Pt,  penetmted "mud" 
between 30 and 180 S t  gravel  between 130 and 
185 f t ,  aand between 586 and 190 ft, %wln 
between 190 and 203 f t ,  lind gmvel from 203 
t o  238 f t .  The water level I s  given a a  154 
S t  and yi8ld  a s  85 gpm. 

In a 314-foot w a l l  26 milee north-north- 
west of Mountain View und lmmedlately adjacent 
t o  tbe m e t - r e a t  t l ll  be l t ,  a l t l t u d e  about 
200 ft ebove aea l eve l ,  "mud" or "blue ahale" 
was enoountered between 10 and 19 ft, 90 and 
86 f t ,  and 127 pn& 181 it. Sand was penetm- 
ted  between 85 and 127 f t  aad 200 md 218 ft, 
and fLae send between 226 and 300 It. Oravel 
wee preaent betweon 18 and 70 ft, 191 and 200 
Pt, 218 anb 225 ft and 300 and 314 It. The 
y i e l d  i e  &ven ea 80 gpm. 

Preeumably theae wel ls  are  caaed t o  t h e  
bottom of the  hala end water en te re  the  well  
through l e rge  s l o t s  o r  holes i n  t h e  Lower few 
f e e t  of ceaing. ( b a t a l l a t i o n  of sand acreens 
and. subsequent development of well8 t o  maxi- 
mum yield la not yet pract iced Fn Alaeka.) 
I f  t h i s  l a  true, then muoh more water should 
be ava i l ab le  Prom wells  i n  such sediments i f  
oopot moted with @and. soreem oppoeite a l l  
meter-bearing Comation. I n  t h e  314-foot well  
desoribed above 80 gpm was obtained Prom the  
gravel, between 500 and 314 f t . Between d e p t h  
of 101 end 300 ft ia 16 ft more of g r sve l  and 
18 S t  of sand whioh might have been developed. 
Some shallower bed& I n  this hole m i g h t  a l s o  
have been developed, i f  the s t a t i c  water l e v e l  
was r e l a t i v e l y  ht*. 

m a  most i n t e r e s t i n g  f a c t  t o  be gained 
here 18 t h a t  outwaeh-pbin depoeite a r e  more 
then 300 f t  thiok and extemd more tban 106 
Etr b l o w  sea l eve l  In t he  v i c i n i t y  of Anchorage 

Available date  ahow tha t  the water l e v e l  
mnged oon8ldersbly in wells  in the P o r t  
Wohardson eree. The water l e v e l  i n  one well 
near t he  r e a t  end of' t h e  a i r f i e l d  runway i e  
only 46 (9.1 f t  above €186 l eve l ,  whemae the  
deep re31 a t  Yountnin V i e r  hae a at-g 
flow a t  200 ( 9 )  ft above sea l eve l .  A 261- 
root wal l  a t  Fish Camp on the cliff ebove 
Unlk A r m  in t h e  outwaah pla in  nor th  o f  t h e  
till bbelt, 3 miles north of t h e  f i e l d .  Slowa 
e t  a n  e levat ion of about 60 S t  above aaa l eve l .  

A 333-loot well, in t h e  till b e l t  j u s t  
northwest of lllnendorr Fleld,  penet re ted vary 
l i t t l e  permeable ma t e r l a l  . Water-bearing 
aand and grevel  wan found between 105 and 110 
It and send and pea gravel between 330 and 
333 f';. Yhe only o the r  material warthy of 
note  18 107 ft of Band and a l l t  between 110 
and 217 ft, whlch may (or may no t )  h ~ v e  been 
too f i n e  t o  screen. More gravel  was penetra- 
ted In the, upper gone In e nearby w e l l  d ~ i l l -  
sd t o  a depth of l1611ftj  "gravel end sand" 
and *gravel arrd silt a r e  reported between 
80 and 116 It. 

' I n  the v i c i n i t y  of the  W e  Spenard 
In te rna t iona l  ALrporO the  sediments @re  f ine r -  
grained. A well  a t  Bood Iake,  162 ft deep, 

penetrated f i n e  sandy material almodt e l l  th4 
say dorm, deaoribed as  wldkaand and g h c i a l  
u i l t .  m e  well  obtelna 25 gpm f r o m  a bed of 
ooarse sand and  gravel betwean 161 sfid 162 
ft. However, a wall  a t  the Carnpben Polnt 
O i v l l  Aemnautios Authority e t a t ion ,  Q milea 
weet of M e  Spenard, penetrated mostly eandy 
mater ia l  down t o  200 f t .  "$end wlth s b a w  o f  
ooa1"was penetmtod between 87 and 99 f t ,  
s i l t y  m a t e r i d  from 99 t o  146 f t ,  p a v e 1  from 
146 t o  150 fi, "gravel and mudn k o m  160 t o  
190 ft, and water-bearlng g reve l  fmm 180 t o  
200 f t .  The water l e v e l  the re  i s  117 f t  
below t h e  aurfeoe, o r  near eea l e v e l ,  The 
well  e e l d s  29 g p .  

The dseger material i n  the Civil Aero- 
naut lca  Authority well 58 certainly aimi lar  t o  
the  coarse elemante present ln walls in t he  
outwash pla in  a t  Blmendorf Pield .  

Very l i t t l e  informetion 1s on hand re- 
ganling the cbciracter a t  dspth  and t h e  
hydralagic c h a m c t e r l s t i c e  of tbo p 8 v e l  b e l t  
m*ed by t h e  gravel qus r~Le3  aouth of 
Y e r r l l l  F ie ld  and south of t h e  T n t e m C i o n a l  
ALrport, although i t  is be2ievad thst the 
bee8 the re  dl1 yield  prol lSlo  water supplies. 

The grave l ly  a l l u v i a l  fan tha t  bse f omed 
a t  t h e  point  mem the  aouth fork  of Campbell 
Creek leaves it8 narrow mountain gar88 and 
ex tendaou t  upon theg lac ia l  vel Bone 
a t t a i n i n g  a - b u m  width of 8 7 / 4  m ~ l s s :  may 
be too thin to  yield Large quan t i t i e s  of 
water. 

The quality of the better round water 
i n  the Anchora e area e h m  by the -yela 
f o r  one well 186 I t  deep i n  t h e  Martin . 
subdivision ( t ab le  2 ) .  The water la moderate- 
l y  hard but low i n  i r on .  The Atwood well, 
160 Pt deep, y i e l a  bmaklsh water.  

The Matanunka V a l l e y  Agricultural Area 

The Matmuska Valley agl-1 ou l turel .  a rea  
is  lowland ly ing  along t b e  ao r th  ehom of 
Xnik Am off Cook I n l e t .  

- Palmer, having a populetlon of 576, 
l i e s  on the nox-tb s i d e  of  t he  Yatmuskn River 
and W m i l e a  northeast of Anchorage. *~~rrailla, 
kevlng a population of about 100, le 10 miles 
asst of & h e r .  

In 19M bhers was 8,500 acrea o r  cleared 
land i n  t h e  Valley 8 s  8 whole. Farm income 
18 genera l ly  supplemented by wotlr i n  other 
occupatlona. , mvoe or, f o u r    em ills and one 
oement-block plant a r e  s i t u a t e d  near Palmer. 

Palmer i e  on t h e  Ahaka Railroad and haa 
daily bus se rv ias  t o  Anohoia8a and 1688 f r e -  
quent connections wlth athec polnte on the 
Olem Highway. 

upland adjacent  t o  Knih Am. The f l a t  t e r r a c e  
surface is perfiape 100 It hi&her than t h e  
Matanuslta mver and the  ugland 8omeihst high- 
e r  etill. Tbe va l l ey  a rea  is  averlooked by 

- the towering Cbugach Mauntalna, 8 milee t o  .tha 
south, and by the TaUestm Mountslne, 9 miles 
t o  the north.  Theee mngee converge a few 
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milea northeaet  of P a h e r .  To t h e  weat t b  
v a ~ l e p  f b o r  merges with the vast  temaoe 
b o d e r i n g  Knlk Am e ~ d  Cook In le t  upon ahioh 
9F8 Anchorage, Kenal, an4 Homer. 

-.--Accordin t o  a rapor t  on the  
are& b6lng prepared by ~ r 8 n k  W. T n l n a ~ ,  tM 
area Le underlain by Chma dominant forrm- 
t iona ;  the m v e l l y  bedm unlerlyiag the  broad, 
relatively f o s  r i v e r  terrnoes;  glacsal-out-  
waah at~eem-bed depoeita, f ormihg Longi tudLnal 
va l l egs  end higher narrow te r racee  of small 
exteqt,  and as  a th in  cover oh aream. under- 
lala by till; and till, commonly fonnlnq  
x%d es and b i l l s  hvt underlying e m a  Lower 
ro l f ; lw grolmd and present a t  an unknown deptb 
beneath m a h  of, i f  not  a l l ,  t he  & h a l a 1  eandy 
depoaite.  In much of the  area tba Burface 
i s  underlain by 8 few fee t  of Reoent d n d -  
blown a i l b .  Bedrock crops out in bbe v l 6 h f -  
t y  of Palmer an& may be ololse to the surface  
i n  some other placea, 

--water aua~u.--Considerln& t he  
ag r iou l tu ra l  area R E  a whole, studies t o  d s t s  
show that water i s  genera l ly  available '  from 
the gravel ly  sand formin the low, broad 
tbrraoe4 f lanking the *for a t r w s . .  The 
depth t o  water is grsa%eat ~l08e t o  the htgb 
r i v e r  banka, Wells should be located on low 
ground and beck from the f ive r  f o r  l eas t  depth 
and ehaSlowest water l e v e l .  The d e p t h  of 
wella ers es muoh a8 150 ft. X t  a4ama l i k e l y  
thab eeveral  hundretl gal lone  e minute umy be 
ava i l ab le  P r a m  properly loaateb. screened wel ls  
on the r i v e r  te r races .  I n  s few plaoea, 
notably i n  and around the town of Palmer, bed- 
rock o r  till l i e s  a t  no (Ireat dis tanoe below 
the  surfaoe, and i n  auob amaa the te r raoe  
depoei ts  a r e  not produotive. 

E18eshbre t h e  a r e a  La underloin by 
varlouo combinetiona of impermeable till and 
r e a t r l c t e d  a t ream-kld  deposlta.  B p e ~ k l n g  
genertllly, t i l l  forme r ideee o r  underlie8 
gravel-capped ridges and s m e  of the  h igher  
gmvel te r racea ,  although i n  the Pi t tman-Ia t t le  
Sualtna area it forms low r o l l i n g  ground. 
Between t h e  t i l l  ridges, narrow, law v a l l e p  
f i l l e d  w i t h  g l a c i a l  ou'cwash to  v a w t n g  thlck- 
neeses offer muny o p p o r t m l t i e s  f o r  the  
developmeot or  amall t o  Ploderataly lar e 
sup l i e s  of &round water from the  shlLfov 
s e l f 8  i n  rrhiah the water l e v e l  ie a i t h i n  
auction l i f t .  In some longi tudinal  valleys 
L t  may be poeslble t o  develop, f o r  a tlme, 
greaber v o l m e s  of ncltec than cen be euatained 
f o r  a long t;idae bacauas the ravelly atorage 
area  l a  e e a e a t i a l l g  small anf t he  unclergmund 
percola t ion from adjacent areas  is  i d b i t e d  
o r  ccntirely ahut off by the  paral le l  ridges 
of tUl. 

Where t%ll occurm b e n e a h  the r ~ v e l ,  
small rater supplies are e a s i l y  avhflable 
rhe~e tho water t ab le  ie abovo the  till. 
Where ti11 l i e s  nea r  the  surface and tbs  water 
t a b l e  l a  below the top of t he  till, i t  would 
be bea lmble  t o  seek other  nserby a i t s e ,  i f  
at all poaalble, w u r e  t he  all llee deeper 
and  rate^ w n  be developed from t h e  overlying 
gravel. 

Wheae a s e l l  must be conatmctrd  i n  
till, It my be neceaearg t o  drill deeply  ,for 
only meage? supplies of wrtsr  . 

h a l l  Plat t e ~ r a o e s  underbin by gravel,  
wbiab l i e  higher than the  broad r i v e r  temeoea,  
should be w l o r e d  oloae t o  tho uphill slope 
aga ins t  which thsy r e8 t  i n  order t o  achieve 
m l n l ~  depth and higheat  w a t e ~  Iovel. 

Palmer 

Palmer is aupplied at present with w a t e ~  
from Braai l  Spring, 34 miles northwest of 
*;own, thmugh an 8-inoh pipel ine .  Water 
f lowe  from the  eowca by gravi ty .  Tbia a p p l y  
woe reoently increased by developing addit ion- 
a l  spring8 In  the  aame area .  

I n  Nevamber 1950, a f t e r  an abnormally 
dry e w e r ,  the Plow of' t h e  main aprlnga de- 
creased b about 150 gpm f m m  a n o r m 1  yie ld  
of about 225 g p .  It l a  the f ee l lng  nor of 
P a b r  re8idmCa that a supply of as much se 
503 gpm i s  des i rable ,  1P not absolute ly  
neoeeoary. Further, the  s p r i n g  supply waa 
r ecen t ly  declered unsafe by t h e  AladJra Depart- 
ment of Health. 

It 9 8 e ~ i I B  l i k e l y  that a s a f e  munialpal 
sugply can be obtainad from well8 I n  aeveral 
plaoea, but t he  moat des i r ab le  pleoe from the  
p o i n t  of' vlbw of amount of water evs i lable ,  
cost  of l i f t  t o  surfsae,  and pips l ine ,  can- 
not be deteminacl u n t i l  t e s t  d r i l l i n &  hae 
been done and the  r e s u l t s  In terpre ted .  

AnaZyees of water from three  well8 &re 
given In  teble  2. Tbe water i s  modemtely 
t o  very hatd but IEI otherwise of good &em%- 
oal qual l ty .  

Wasllla, having a population of about 
100, l ies 10 m2lee weet of Palmer. Tho t o m  
is a farmlng carnmunity but no real production 
has been a t t a ined  yet, although muoh of the 
a r e s  I s  ao t fve ly  homesteaded. Tne town i s  
on the  Alaeku RaLlroed and l a  aonneated by 
highway ~ I t h  P a b e r .  The bus ae r+ lng  P & b r  
and Anchorege a l s o  serves WaniLla. 

WaaL31a l i e s  on an  area of r o l l  9 f - 3 ,  
conetab1 of till I<Ldgas and Fnbamun g 
val leys  Z l l e d  dth glacial outwesh. 

Xn the v i l l ege ,  & t a r  f o r  home consump- 
t ion  1s  obtained from dug wel ls ,  25 It o r  
l eas  in depth. A achool which hes an e n m l l -  
ment of ebout 100 pupi ls  and i a  equipped with 
m6de.m e m i t a r y  facilities, including showera, 
obtalna 1 ta  water f r O m  one such well. The 
shallow wells  ob ta in  water from outwash eand 
and g ~ a v e L  ooerlylng g l a c i a l  t i ll  of low . 
parmeablllty. 

A s a f e r  and l a r g e r  water suppl f o r  the 
v~1l.m m~gt~.ght  be obtnlned i r o m  CIA J a a  w e ~ l s  
of moderate depth i f  g rave l  beda u n d e ~ l i e  the 
t i l l  aheet ea i n  the  h i k  area, but ,  there  is 
no evidenoe a t  hand g e t  t o  show whether euch 
condltiona exist .  In conaidemtion of the low 
water bemperature and at tendant  f reezing end 
t he  aast  of pipelfne,  it mag be more p ~ a c t i -  
c a l  t o  a t tempt  to  develop a munioipa3. supply 
hem fmm sells, even from shallow well8 i f  



COPPER RIVER BASIN 

t he  a r e a  around them is  protec ted  from 
pol lu t ion ,  r a the r  than  t o  consider u t i l i z a -  
t i o n  of water from Wasil la Lake, l e s s  than a 
mile Prom the  v i l l age .  

Talkeetna 

TaUreetna l i e s  on t h e  e a s t  bank of t he  
Sus i tna  River, 76 mi les  no r th  and s l i g h t l y  
west of Anchorage. The v i l l a g e  has a popula- 
t i o n  of 90, of  which only a few a r e  na t ives .  
The community i s  supported by gold mining i n  
the  surrounding area .  

Talkeabna i s  on t h e  Alaska Railroad and 
has r iver-boat  s e rv i ce  i n  the summer months. 
Alaska Ai r l ines  planes s t o p  a t  Talkeetna on 
the  Anchorage-Fairbanks run when se rv ice  i s  
requested. 

The v i l l a g e  was b r l e f  l y  v i s i t e d  on 
Februaxy 18 and 19 and about s i x  of the 
loca l  c i t i z e n s  were contacted. 

T o ~ o ~ r a v h v  and ~ep;kggg.--Talkeetna l i e s  
on t h e  low, l e v e l  f lood p l a in  of t he  Sus i tna  
River. The base 'of t h e  Talkeetna Mountains 
l i e s  about 5 miles t o  t h e  e a s t  and t h e  base 
of the  Alaska Range l i e s  more than 20 miles 
t o  the west-northwest. The v i l l a g e  i s  under- 
l a i n  by s i l t ,  sand, and gravel  beds t o  an 
unknown depth. 

Water su~vlrr.--There a r e  about 35 wells  
i n  Talkeetna, nea r ly  a l l  of them driven,  1% 
o r  1* i n .  I n  diameter, ranging I n  depth from 
12 t o  22 f t .  These obtain water from gravel  
beds. The depth t o  water below the  surface  
18  about 5 f t  i n  t h e  summer and a maximum of 
12 f t  i n  t h e  wlnter. 

G. Weatherell has a well  which was sunk 
4 f t  below the  water l e v e l  and from which 40 
gpm was pumped by auction f o r  a period of 6 
hr . 

A t  t h e  C iv i l  Aeronautics Authori ty s t a t i o n  
a &inch d r l l l e d  well, 35 f t  deep, suppl ies  
20 persona. 

The water obtained f r o m  the  wel ls  i s  s a i d  
t o  be s o f t  and very s l i g h t l y  corrosive.  The 
nea res t  good source of surface  water i s  a 
lake  3 miles away. 

It would appear t ha t  a municipal supply 
of water of good q u a l i t y  might be obtained 
economically fmm shallow d r i l l e d  wells. 
However, with regard t o  poss ib le  contamination, 
shallow wells should be located  outs ide  the  
v i l l age ,  o r  a deeper, properly constructed 
wel l  might be located  in s ide  t h e  v i l l age .  

Curry 

Curry is  on the  Alaska Railroad on the  
south flank of t h e  Alaska Range. It l i e s  
upon a narrow a l l u v i a l  p l a i n  along the  Sus i t -  
na River which forms an apron extending out 
from hard-rock hills t o  the  eas t .  

Tbe v i l l a g e  cons i s t s  almost e n t i r e l y  of 
Alaska Rmilmad facil i t ies--namely,  a ho te l ,  
s m a l l  shops, and water tank. 

Aacording t o  John E. Kerr, of t he  Geolo- 
g i c a l  Survey, who v i s i t e d  Curry August 9-10, 
1950 t h e  a l l u v i a l  apron upon which the  
se t t iement  i s  Located i s  composed l a r g e l y  of 
poorly so r t ed  f l u v i a t i l e  gravel .  A t h i n  
l aye r  of "hardpann (limonite-cemented sand o r  
gravel  f i s  present  a t  18 f t  and a "clay" 
stratum a t  25 ft. Whether impermeable till 
o r  so r t ed  permeable mater ia l  i s  present  a t  
g r e a t e r  depth i s  not known. 

A dug well  28 ft deep, south of  t h e  ho- 
t e l ,  has been i n  use f o r  some years but became 
contaminated wlth o i l  i n  1948. 

A new well  was dug t o  a depth of 25 f t  
i n  1949. This well  i s  north of the  hote l .  
It produced 200 t o  300 gpm u n t i l  the  winter  
freeze-up, a f t e r  which a supplemental supply 
was taken from the  Sus i tna  River. Water from 
Dead Horse Creek a l so  has been used, and i m -  
provements i n  the  supply l i n e  from t h i s  source 
were made i n  1950. 

It would appear t h a t  much might be gained 
here  by d r i l l i n g  exploratory holes  i n  t h e  
v i c i n i t y  of t he  h o t e l  t o  determine whether 
permeable beds e x i s t  a t  a depth somewhat 
g r e a t e r  than 30 f t .  Water may be present  i n  
quant i ty  and under a r t e s i an  head, e i t h e r  from 
sandy beds beneath the  c lay  o r  from f r a c t u r e s  
s l a t y  bedrock. 

Cow~er  River basin 

To~ortra~hg.--The Copper River baain l i e s  
j u s t  nor th  of t h e  coas ta l  mountains overlook- 
ing  Prince William Sound and the  Gulf of 
Alaska. It i s  completely enclosed by high 
mountains; t he  Chugach Mountains and Waxall 
Ridge on t h e  south, the  Talkeetnaa on the  
west, o u t l i e r s  of t h e  Alaska Range on the  
north,  and the  Wrangalls on the  eas t .  The 
bas in  I t s e l f  cons is ts  of a broad intermontane 
v a l l e y  deeply d issec ted  by the Copper River 
and i t s  t r i b u t a r i e s .  The o u t l e t  of t h e  bas in  
t o  the  Gulf of Alaska i s  through a steep-aided 
rock gorge cut  through t h e  coas ta l  mountains. 

Develowent.--There l a  a t  present  very 
l i t t l e  economic dsvelopmnt of t h e  Copper 
River basin, although when the  Kennecott 
copper mines were i n  operation it waa t h e  one 
most important mineral-producing areas  i n  
Alaska. The mines a r e  on the  south f lank of 
t h e  Wrangell Mountains and were connecbed by 
a r a l l road  with Cordova. A t  present  a few 
individuals  mine a l i t t l e  gold i n  t h e  area .  
The basin i s  p o t e n t i a l l y  important I n  t h a t  
s eve ra l  highways t r ave r se  the  area; t he  Glenn 
Highway e n t e r s  from Anchopage and joins t h e  
Fairbanks-to-Valdez Richardson Bighway. 
Another through highway branches off t he  
Richardson t o  jo in  t h e  Alaska Highway a t  Tok. 
Spur highwaya reach Chit ina on the  abandoned 
Copper River Railroad and Nabeena on the  north 
f lank of t h e  Wrangells. 

-.--The h igh mountail ranges, 
bearing many l a rge  glaciers, a r e  made up of 
a grea t  va r i e ty  of o lder  rocks; these  inc lude  
( i n  the  Wrangells) Recent. volcanics.  Mount 

WrangeLl continues t o  mi t  a uiume of vapor. 
Te r t i a ry  (Eocene?) conglomerate, clay, tinin 
coal. seams, sand and gravel ,  i n  places strong- 



l y  tilted are exposed i n  a Pew places @ o f f i t ,  
1912, p. 5 5 )  . 

The moat obviously important bed8 f o r  a 
water e npplg a r e  the  a l l u v b l  depos i t s  f i 1l.Ln.g 
t he  bas in  proper. P r e e m b l y  the a rea  was a t  
f i r ' s t  covered by a till aheet &ring t he  
period of maximum Qudternerg glacia t ion.  
With the r e t r e e t  of the i c e  t h i e  till aheet, 
raa eroded and rewodted i n  places and. coverea 
by v&et outrash-plain dsposi ta ,  i n  which 
l o c a l  t i l l  eheeta a r e  i n t e r a t ~ a t l f l e d .  Ihe 
outweah-plain emde and *vela ,occur as 
stream snd lake-bed deposi ts  (Mofflt, 1912, 
pp. 38-45] . 

A t  the Civil Aeranautica Authority 
a takion a t  Gulkana; which i s  on high, l eve l  
gmua about. 400 f t  above the canyon of the 
Coppbr Rlver, a we l l  t a e  aunk t o  a depth  of 
443 f t  in  1946. 

Blue clay was penetrated from the sur-  
fece t o  a depth of 280 f t ,  i n t e r rup ted  only 
by a 6-foot gravel  atrefum a t  9 9 ,  to  U3.5 tt . 
F m m  280 t o  388 ft aand an8 some g r a v e l  was 
penetrated,  below which c lay  continued -to 416 
f t .  'lh8 27 ft of sediment Prm 416 t o  443 ft 
was sand and . Permanantly frozen grou.nd 
.a8 penetrat$8ve1 between 24 and 32 ft below the  
surfaos  . 

It i s  difficult t o  Werpre . l ;  t h i a  log, 
but i t  seama l i k e l y  t h a t  t he  coneidarable 
th iakwaaaa of blue c l a y  represents  c b g e y  t o  
aF l ty  Lake beds and that the intervening 
sandy end grave l ly  beds a re  stream-laid de- 
posit8 formed men the l8ke filled and i t 8  
f l o o r  ,approachad the  l o c a l  base levaL, o r  
when s temporery lake darn broke and allowed 
heavi ly  laden g l a c i a l  streams t o  wash over the 
o ld  lake Ploos. 

Water obtained *on a depth o l  443 ft 
stood about 220 f t  below the surface  and is 
dascrlbed ae  "salty." The w e l l  raa later 
pLug8ad below 902 f% and water obtain& from 
sand and gravel  from 280 t o  287 f t .  Thie 
water alao WaB mthar h l m y  W e r s l i s e d  
( t ab le  2), havlllg 200 ppm of c b l o ~ i d e  and a 

, t o t a l  hardneaa of  420 ppu, of which 76 ppm 
i s  nonoarbonate hardneae . 

!be c h d o a l  charaoter of this r a t e r  is ' 

uneqeo ted  an& may m f l e c t .  any one of aevera l  
t h i q s ;  the leke waterm i n  which the aidiments 
were Panned were s l i g h t l y  ea l ine  oainig t o  high 
evaporation a t  the time; the area was i n w -  
dated by marine W R ~ ~ T S ,  t he  residuum of which' 
haa no t  barn f lushed out; or,  ae a consequenca 
of poor seaward drainage of deeper aedLments . 

i n  the  baain a8 a whole, $round water h a  
tended to  .become more concentrated i n  miners1 
content aa t r ansp i ra t ion  and evapormticm M- 
m w e  ground water from the basin, much a8 
si.aiLar water originates i n  dese r t  rdgfona. , 

Although i t  R p p e a r B  t h a t  ground watep of 
good qual i ty  may not  be ava i l ab le  from deep 
eedimenta i n  t h i s  area,  it i e  l i k e l y  that 
along the fringes of the baain the prospeat8 
w i l l  be better. m e r e  water-laid sediment8 
ere present they dl1 tend t o  be coaiaer,  
belrtg a loaer  t o  the  mountains, and t h e  

should oontain f r e s h  n t e r  by rebson of gr6at- 
er cl roul t t t ion  through them. 

O l e n n  Allen 

A t  the Alaska Road Csmniaaion o w  a t  
Glenn Allen, lB m l l e a  eoukh-aouthue~t of 
Gulkana, two  well^, reapeat lvely  L80 and 203 
ft Beep, y i e l d  a hard aalclum btoarbomte  
water oontainlng, rsspeot ivelg  32 and 63 b\pm 
chloride. A 3PLfoo t  we11 a t  ba tewod Lodge, 
Olenn kl len (d r l l l ed  i n  1961), yielded m t e r  
containing 2,400 ppm chloride. 

Tha T m n a  Wver a t d b u t a r y  t o  th4 
Yukon, f lawa nortbrroe&.apd fram tbe i n t e r -  
n a t i o m l  boundary almg o~ dear the  route  of 
t he  A h e k a  Higbray through Big Delta t.0 Fair -  
banks and beyond thmugb N m n e  t o  Tanam ., 
I n  l e a  upper portion i t  ooaupide a val ley  ' 

t h a t  18 alternately amad end nosrow, but 
beyond B i  Delta the valley rrldene ereatly 
and -ctt  Fafrbaaks t h e  s i l t - l r d e n  A v e r  flows 
ac ross  n muskeg flat about 75 rnllee r ide .  

&&J,o~mrt.--PPi~banka, the  northern 
terminhe of t 8 Alaska Railroad, 18 the osn- 
ter of a o t l v i t g  of I n t e r i o r  AlBsk&. The 
Richardeon Highmy t o  VaMez jolna the  Alaekp 
Bighney st Big Delta. The WohaFdeon also 
Joins  the  Glem Bfghway lending t o  Anahora~e- 
The Steese Higtiway Joine Cirol8, on tbe  Yukon, 
end Fairbanks. Sahedulod a l  r l i n a s  oonaeot 
Fairbonk8 w i t h  Home, h t h e l ,  A n a h o ~ g a ,  and 
Juneau and golnte la the Statas1 and bueh 
p i l o t s  Ply t o  intermadlate Abekan com.unitle6. 

I n d u s t r i a l  d e v e l o p e n t  i s  baaed h r g e l y  
on lar  e acale  gold d ~ a d g l n g  near Ptiirbanks, 
a t  knfe;  Rot Springs, en3 a t  Litengood. 
Several amall mlnea a r e  ope pat&& by LnBivi- 
auala i n  many widoly scattered l o c a l i t l e e .  
Coal i s  mined st HeaZy i n  the A l a a b  Range 
jus t  B O U ~ ~ .  of the Tanana Velley proper. 

The mom reaant develomenk of mlli tarp.  
base8 at Iadd A i r  Fofae Mae a d  Blbieleon A i r  
Force Base near  Pqlrba&a and the f i e l d  a t  
Big Delta hava had a vsr$ g r e r t  e f f e c t  on the  
economy of the area.  80me fanning is camied 
on and Borne large orope have been grown 
profitably fn the  Fairbanke area i n  pas t  
yeam- The- Univ@rsLty of ALasks 18 eituatad 
a t  College, 6 m i l e s  west of Falrbanke. 

.--The floor of the Tansna 
V a l l e m a d ,  levei I1oM p + l ~  'a0m.8 
which the  braided stbeam has rnfgreted ba0k 
end f o r t h ,  S l igh t  re l ie f  Ls provided by the 
old meander-soar p t te rna  and, more mmly, 
by l o w  rounded hard-rook hi l l s  t h a t  ria6 
above the aodden f l a t s .  I n  the uopeP pot- 
t i o n  the  val ley  is more .&iveca8, mngfng 
!'porn narrow rook-cut ohamele t o  broader low- 
Land aroaa flanked by mounthlne a few mile8 
d i s t a n t .  Several major atread val ley8  enter 
the  T a m  Valley ,a t  grade end t h e i r  re la t ive-  
l y  aide, Level va l l ey  f l ~ o r e  m y  be oonsidered 
extenalone of the Tanana Valley into t t ~ e  ad- 
jacent mountai noua area8 . Alluviel  terEUm8 
aevera l  hundred f e e t  higher than the preaent 
Tanana V a l l e y  f l o o r  a r e  w e l l  developed i n  
placea, gar t iou la r ly  adjaoent t o  the nor th  



s lope  of the  Alaake Range. A f 8 a t u r e  of t h e  
Tanana Rlver l a  that ,  throughout i t s  courao, 
It tende t o  Impinge u p m  Ste  r i g h t  bank. As 
e r e e u l t  staclp had-rook clfffe are developed 
in plaaes  alang t h a t  bank, vrhereaa the  moun- 
t a i n  elopes of the aouth bank, except where 
the  r iver  f l o r a  tbrougt~ rook-cut channels, 
approaoh and merge with the  va l l ey  f l o o r  muoh 
more grndually , 

G ~ o l o n  .--me Pleiatooane and Recent; 
h l s t o r g  of h e  Tamma val leg  (and t he  Yukon 
aa wel l )  d i f f e r e  s i g n i f i c a n t l y  from that aZ 
areas thus f a r  d iemseed,  in that t h i s  area 
was not g lac ia ted  i n  Quaternary time, exoept 
fop lna tgn i f loan t  loca l  A l p h e  glac ia t ion .  
On the o t b r  hand, t he  Alaeka Range t o  the 
eouth waa heavily glaciated. and glacifi l  sod%- 
ments were ca r r i ed  northward by atreame i n t o  
the Tanana Volley. 

M e ~ t i e  (1937, pp. 188-189) glvea th8 ae- 
quence of events much se Eollowe: During t h e  
g l a c i a l  epoch t h e  Tanam handled and aorted e 
t rmendoua volume of d e b r l ~ .  The volume of 
mater ia l  dm@ i n t o  t h e  Tanana v a l l e y  by t h e  
etreama Ssauing from the Alaeka Range 18 
thought t o  have aeueed tha Tanem t o  move 
northward t o  e s8en t i a l ly  i t 8  present pos i t ion .  
Xn I t s  northward movement the  r i v e r  built 
up the v a s t  a l l u v l a l  pLeFna tbat now l i e  south 
of the  river, Tributam etreama f m m  the 
north began t o  deposit t h e i r  eeCiiaent on bheir 
o m  val leya  a3 the Tanana f l o o r  was b u i l t  up. 
Coarse material wee dspaaited upstream and 
g i l t  Fn their lower courses. Many of the 
r i c h e s t  gold plaoem of the  reglon are found 
i n  the e a r l i e s t  P le l  stooene depos l t e  . 

After the  deposit ion of the  o l d e r  Quater- 
naw gr'avel, blsak s i l t  hnvlng a high vegeta l  
content, gene ra l ly  referrad t o  a s  "muck, 
begsn to  acclmrulnte. The muck ranges In 
thickness from a f e w  feet t o  more than 100 f t  
and la widely d le t r ibu ted  upon t h e  mountain 
elopea, I n  places up t o  an e levat ion of a t  
least 1,i?00 f t .  ?be o r i g i n  of these depoeite 
l a  not understood at preaent. Pa r t  of  thee6 
~ e d i a e n t  B my have been wlnd' deposited, but  
the preaenoe of fresh-water mollusks and 
diatoms auggssta a 1acuat;rlne o r ig in  for atz- 
other  pe r t .  

Muah of bhe pound in the Tanane Valley 
i e  penmnently frozen.  me Proten a m a s  
genera l ly  h v e  the form Of wedges that thin 
towan3 the  major etreamg and thicken away 
from them. Narrow araas  of thaaea ground 
are common boneath r ecen t ly  abandoned streem 
channals. NBW ground on the s l ip-off  a ide  of 
atream meandere 1 8  not frozen whereas on the 
cut-bank atdo of s meander permafrost l a  
present c lose  t o  the  bat&. Nearly a l l  the  
f l a t  va l l ey  floor and north-Cacing mormtsln 
alopes are  undorlein by permfroat, but t h e  
froeen ground thlna upwbd on low mountain 
slopee that fact nouth o r  bouthepat. Froeen 
ground may c o n t ~ a u e  t o  the  mountain top  Or) 
the north-faoing slopes.  

-.--Considerable quantities 
of ground w a  e r  are a v a i h b l o  In t he  Tanana 
Valley bu t  Fn many placea tbe l a t e r  l a  hV@ 
Ln i r o n  o r  orgnnlc mat te r  OF both. The c m o n  
presence o f  penadrost presents unuaual 
problems i n  tho development of grollnd water, 
but  theae problems a m  dlepoaed of readi ly .  

speaking o f  the %mna Valley in the 
larger sense--that is, including the tribu- 
t a r y  a t  ream valleya and adjacent mountain 
slopes, ground water occurs i n  the fo l lmln,g  
wayer (1) i n  aand and gmvel banellth the 
f l a t  vo l l ey  floors of t h e  #in atream end i t 8  
major t ir lbutartoa,  (2) in  sand and gravel  
Lylng baneath the  eilt cwer  on the  mountsln- 
eldee, and ( 5 )  in the  weathered upper park 
and In deeper fisaurea within the bedrock. 

Dgta on severa l  hundred r e l l e  on t b  
f la ts  I n  and adjaoant t o  Falrbanke are at 
hand as a r8euI.t of Geological Survey etudiea 
Ln the area, and csnough &tie a r e  ava i l ab le  to  . 
chsraater lae  the oocurrence of ground water 
on t h e  mountain s lopes ,  l a rge ly  aa a result 
of tes t  d r i l l i n g  by t he  Survey. 

Speaking genem11y3 e million gallon8 
per day per well  should be ava i l ab le  . f r o m  6- 
t o  8-inob wells  60 t;o 150 St deep on the 
'Panana Wver f r e t 8  downstream fYom Big DelCa. 
Ylelda of this megnltude hnve bem obfalned 
f l o m  severa l  ~ 6 1 1 8  I n  the Fairbanks area. 
The ex i s t ing  well8 penet ra te  MgbLy permeable 
g m v e l  which y ie ld  copioue auppllea of water 
with l i t t l e  o-r no developmsnt. A trane- 
mieaLbiLity of about 600,000 ggd per Pt, 
e hip vvalue, has been cmouted.from 
pump ng t ee t a  i n  the area. It l a  t he  w r i t e ~ l e  
oginlon. that ,  i n  addi t ton  t o  the clean gravela, 
lesa-well-sorted coarse msteriala might be 
made to  pmducre s ign i f loan t  amounts of water 
by u t i l i t a t t o n  of etrainers and Dproper method6 
of deve lopan t ,  and that th8 t o b l  emourrt O f  
water avat labla  p e r  large-diameter well  might 
be conaLderably higher than that, now obtained. 
However, i n  conelderation of t h e  U g h  f i e l d  
of more e a s i l y  aonatrmcted wells i n  many 
ptacee l e a s  than 100 f t  deep, an6 of t h e  rap id  
.recharge of the  a t  r a t a  Prom nearb streame, 
i t  may be that t h e  cost  of 8everaI s e l l a  16- 
oated 100 f t  o r  more apart, tapptng the aame 
clean gravel  bed, wuld be leea  than t h a t  of 
one l a rge  w e l l .  

Dril1in.g wells  by the  asble- tool  methe3 
generally pmeenta no d i f f ~ c u l t l e a ~  i n  fao t ,  
Proeeo sand and s i l t  stana well &ring 
dr!lllng, d i n g  prngresa aaeier than i n  un- 
froeen round. When wells  a r e  discharg~d 
reguUr8y no d i f f l m l t y  with f reezing 18 
experisnoed. 

Seveml hund~ed s m l l - ~ ~ e t 8 r  domestl c 
wells  tgnging tn depth from 15 t o  200 ft, a r e  
in us8 i n  the Fairbanks arb&. The6e obtain 
water fromthawed ground slther in &mas f r e e  
P m m  permafrost o r ,  i n  permafm8t areas ,  from 
above o r  W o w  the permafroet Eone. 

These r e l l a  are conatrnoted by dr lv lng a 
Z-inch pipe d t h  a d r ive  point, an& with 
perforatlone above t h e  drive point, through 
h l c h  a &inch t h a w  l i n e  projects.  I n i t i a l  
progresa i e  made by waahing with the thaw 
l i n e  2 o r  3 f% in advance of t he  dr lve  poin t ,  
a f t e r  dich  the 2-inch pipo is  drlven doen. 
fn many places w e l l 8  up-to 80 f t  deep have 
been driven in a day o r  two, but e3sarhere 
pmgress may be elor. Deeper s e l l s  m y  ps+ 

$ reae mu& more e l o r l y  and a t  t h e e  only -a 
ew f ee t  may be p i n e d  i n  a day. 

The a d l - d i a m e t e r  wells passing thxough 
pemaf ros t  w i l l  Preeae ao l ld  i f  not, used 
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regu la r ly  and even then some wel ls  tend t o  l o c a l  topography and may be more than 60 f t  
f reeze .  $reezing appeaps t o  occur a s  oomonly i n  places, but lower down on the  same sloper 
i n  Ju ly  aa any other  month. Froeen wells may the  depth t o  water may be only a few fee t .  
be thawed with a a l t  o r  they may be steamed Where froeen s i l t  ac te  a s  a capping, a r t e s i a n  
out. The l a t t e r  prooesa thaws the  walls  condltiona may e x i s t  and wells  may flow a t  
apppeciably and t h e  well s t a y s  thawed longer. the  surface.  
Many householders have a device so conatrutr 
W i t h a t  excess hot  water from hot-water t a m s  
can be run i n t o  the  well a s  avai lable .  This Manley Hot Springs 
ac t ion  i s  s u f f i c i e n t  t o  f o r e s t a l l  freezing.  

The q u a l i t y  oi' g~ound  water ava i l ab le  i n  
the  Tanana f l a t s  l a  genera l ly  not of the  bes t  
( t ab le  2 ) .  Commonly well  water has a high 
content of i r o n  o r  organic mat ter  and t a s t e s  
strongly,  s t a i n s  badly, and i s  undesirable f o r  
some uses such ar laundering. Many houae- 
holders have small water-treatment devices, 
which genera l ly  operate successfully.  

Vary shallow wella genera l ly  obtain water 
of good qual i ty ,  but  some deeper wella l i ke -  
wise y ie ld  excel lent  water. However, some 
deep well@ apparently t a p  clean aandy lenses  
which, when depleted of c l e a r  good water, 
allow water from surrounding mater ia l  t o  flow 
i n t o  the well, and t h e  qua l i ty  of water d la-  
charged becomes poorer. Likewise, some wells  
i n i t i a l l y  y ie ld ing v e v  poor water have l m -  
proved i n  qua l i ty  with time. 

It appears t h a t ,  where l a r  e quan t i t i e s  
of water a re  needed, It i a  f m i t f e s a  t o  search 
f o r  good water i n  a l imi ted  area  on the  f l a t a .  
The q u a l i t y  of water obtained i n  any one 
place w i l l  tend gradually to  change t o  an 
average q u a l i t y  c h a r a c t e r i s t i c  of t h a t  l o c a l i -  
t y  a s  a whole. 

The foregoing remarks apply t o  the  down- 
stream, broad portion of the  Tanana Valley. 
The upstream por t ions  of t h e  va l l ey  undoubted- 
l y  d i f f e r  i n  severa l  important respects:  t he  
sandy sediments may be expected t o  be coarser 
and l e s s  well  sorted,  owing t o  the  proximity 
of the mountain nuissea; g l a c i a l  till f i e ld ing  
very l i t t l e  water might be encountered a t  
depth i n  some places along t h e  south a ide  of 
t h e  narrow valley;  and bedrock may be near 
t h e  surface i n  many placea. However, t h e  
qua l i ty  of the  water may be appreciably b e t t e r  
throughout. Conditions a r e  probably favorable 
f o r  moderate water supplies,  but  not as favor- 
ab le  a s  on the  broad va l l ey  f l o o r  downatream. 

Water is ava i l ab le  from high t e r r ace  
deposi ts  adjacent t o  the  low va l l ey  f l a t s  
along the  nor th  slope of the  Alaska Range but, 
owing t o  the  proximity of t h e  mountains, 
l a r g e  boulders a r e  commonly encountered and 
the  depth t o  water from the surface i s  great .  
Apparently severa l  hundred gallons a minute, 
i f  not  more, may be obtained per well. 

The pocks forming the  mountain slopes 
on t h e  nor th  s i d e  of the  Tanana Valley w i l l  
y i e ld  some water t o  wella i n  most p lacesr  
Permafrost l a  t h i n  o r  absent on the  higher 
south-facing alopea. The low mountains a r e  
covered l a rge ly  with brown s i l t  or, i n  minor 
val leys ,  with black mucky s i l t .  I n  placea 
coarse sandy beds a r e  present beneath the  
s i l t y  cover and wZll yie ld  supplie8 ranging 
from a few t o  perhape more than 100 gpm. 
Elsewhere the  upper decayed pa r t  of the  bed- 
rock w i l l  yleld a t  l e a s t  a few galdons a 
minute. The depth t o  water depends on t n e  

lacording t o  C. H. Turnbull (1949) of 
the  Alaakr Department of Bealth, t h e m  a r e  
two drilled wells  i n  t h i s  community, respec- 
t i v e l y  75 and 40 f t  deep, sunk i n  gravel, 
both of which yie ld  hard water. Pemafros t  
i s  preaent d t  3 t o  12 f t  and 42 t o  54 i t ,  
respectively, below the  surface.  

Moat of the  inhabi tants  c a r q  water i n  
buckets from the  "Cold Spring," a small  stream 
fed by nmerous amall springs,  a Pew of which 
a r e  hot .  Consideration I a  being given t o  
piping water irQm t he  Hot Springs t o  t o m .  

Aocording t o  0. A. Waring (1917, pp. 
60-62)  t he  Hot Springs were developed i n  1906 
and a ho te l ,  dairy,  poul t ry  and vegetable 
farm were constmcted nearby. The Hot Springs, 
water from which i s  s t i l l  used f o r  a commer- 
c i a l  bath r e so r t ,  have temperatures of 125 F 
and 136 P and flows of 110 and 35 gpm, respec- 
t l ve ly .  

Analysis shows the  s o f t  sodic water t o  
have a t o t a l  mineralization of 417 ppm. 
Chloride and s u l f a t e  a r e  r e l a t i v e l y  high a s  
compared with calcium and magnesium. 

According to  Mr. Turnbull, t he  only well  
i n  t h i s  t i n y  cornunity I s  a dug well  near 
t h e  r ive r .  I n  an attempt t o  obta in  water 
f o r  the school, a well  was dr iven t o  a depth 
of 60 ft i n  permafrost but  d id  not rea& 
thawed ground. River water and melted i c e  
and snow a r e  used f o r  water supply. 

Nenana 

Nenana l i e s  on the  aouth bank of the  
Tanana River jus t  e a s t  of i t s  junction with 
t h e  Nenane Rlver, which flow8 northward out 
of t h e  Alaska Range. Nenana i s  47 milea 
~0u thwes t  of Fairbanks. 

Nenana has a population of 350 t o  600. 
A a  it i s  an important transshipment point, 
t h e  r a i l road  and r i v e r  boats fu rn i sh  employ- 
ment f o r  moat of the  Inhabi tants ,  other than 
those engaged i n  t r ade  o r  miscellaneous 
s e r v l ~ e s  . 

The town has no highway conneotion with 
o ther  Alaska towns but i s  on the  Alaska Rail- 
road and has r l v e r  connection with the  
Yukon, an a r t e r i a l  pa th  of t r a v e l  i n  Alaska. 

Nenana was v i s i t e d  on February 18, 1949. 
During t h a t  evening a meeting was held  with 
members of the  town councjl and l ooa l  problems 
were discussed. 

mg~hv a d  aeoloav .--Nenana l i e s  on 
flood p la in  of t h e  Tanana River and 
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1s underlain by a i l t ,  sand, and g rave l  Co an 
unknown daptb.. Ths t o m  lies wlthin the in-  
f luenae  of an ac t lve  meander i n  t h e  r i v e r  and 
even now the ground'i.6 be@ alowly emaed 
away. fire important the  d a n d e r s  tend t o  
cause t he  pila-up or loo w i t h  the awing 
break-up, and thus aontr ibute  to  f looding of 
the  ' torn.  

Yortb of  H e m  t h e  Tanana a v e r  is cut- 
t i n g  againat  the blUs that extend f'rom 
Metpm earrtward toward Pelrbanka. 

a t e r  -.--!ho r r e l l ~  a t  the r a i l road  
gsrde,  about 6 it square and 36 f t  deep, 
i u n i a h  r a t e r  f o r  locomotives and f o r  a f eu  
bwineae  eatabliabmsnta. The mnter l e v e l  I n  
thee8 welle 10 a mlnivtum of 7 Pt below the  
surfeoe i n  the aunrmer and 12 St i n  t h e  winter. 
Together they  y l a l d  about 600 gpm by auotion 
lift. 

Severe1 homea heve smell-diaaeter dr iven 
r s l l a .  The water obtaified fioa'mellt3 i e  eald 
t o  be hard and t o  oontaln acme Lron. Cogper 
heat ing c o l l s  m y  plug up with lime in 3 t o  6 
reeks. bn t h e  o the r  hand reasonably Soft ,  
iron-free matar La a v a i h 6 l e  i n  e m s  placee. 

Apparently, e muniaipal supply adequate 
i n  quan t i ty  may be obtained from wella any- 
h e r e  but, aa i n  Fairbanks, a t e r  of' good 
qua l i ty  my be d i f f i c u l t  t o  obtain. Whether 
a s o f t ,  i ron- t ree  supply a n  be obtained 
mMoh rill -in Iron-Cree with continued 
pumping 1 4  ye t  t o  be es tabl ished.  &oh well 
and8 i n  a sand OY gravel  lans of l lmlted ax- 
t en t ;  es  t he  r a t e r  In  the  l ens  ie depleted,  
m t e r  from adjacent leneea moves i n  end 
eventunlly a r e t e r  of average (poor) quel1t.j 
l a  obteined. Thu8 a8 i n  Fattbanks, grormd 
water of poor q u a l i t y  texula t o  improve scam- 
what i n  q u a l i t y  wfth continued pumping, where- 
as water of good qua l i ty  tende t o  become 
in fe r io r .  

o ther  than a , a i s t e rn ,  but it should be poaai- 
b l e  t o  obtain a t  l e a a t  minimum amounts of 
ground r a t e s  without g m t  d l f f i a l t y .  'Lhs 
p o s e l b i l i t y  of developing enough meter fox 
i r ' r l ga t ion  . i s  poor Ln moat p b o e e  but in a 
few p'iecaa it s h o u l d  be p a s i b l a  !o develop 
e d f l a i e n t  r a t e r  f o r  l imited i r r iga t ion .  

The Fairbanks = p l e a t i o n  Co., on Onden 
I a h d  immadletely nor th  of ,Palrbnnka, has 
made nmny e f f o r t s  t o  develop okerr water In 
'large qu8nt;ities for coolFng generatom. A 
well  136 f t  deep 1s reported t o  have yielded 
3,400 g p ~  wfth 6 f t  of drawdown. Another 
106 it deep fieldvd. 2,900 gpm with 9.8 f t  of 
drarrdqm. A t  preeent water i s  obtained from 
th ree  well8 about 90 Pt deep eaah, f ie ld ing 
2,400 t o  2,800 g p ~  with 8 to  14 It of drnr-  
dorm. A dug well 40 ft deep 75 f t  long, and 
60 ft wide produoed ebout 1,600 g p  when 
Piret aompleted but n n w  yield8 about 800 gpm 
wi th  U f t  of drawdown. A t o t a l  of ebout 
8,000 gpm l a  pumped more o r  l e s s  continuously 
i n  the *armer monthe. 

A t  Iadd Fie ld ,  aear Fairbsnks, s e v e m l  
w e l l s  6 t o  8 in. i n  diemeter ~ I e l d  more than. 
560 gpm; thaee and a few wel ls  of  s e l l e r  
y i e ld  f u m l e h  the  baa6 with water. A t  Eieleon 
A i r  Force Base a few m l l a  of l a rge r  yield 
have been aanetruoted. 

Big belU 

A well d r i l l e d  along the o i l  pipeline 1 
a t  mile 1,449.8 penetrated frozen mater ia l  
Prom the aurfaoe t o  a depth of 44 ft and 
t h a w e d  ground t o  7 5  ft. The ma teHa l  pene- 
t r a t e d  wae eand and gravel, The hole waa 
abandoned i n  a clayey stratum a t  76 f t .  A 
seaond hole r a s  d r l l l e d  t h r o u e  fraeen rmte r i e l ,  
l a r g e l y  gravel, and In to  *at was s a i d  t o  be 
frozen schi8t at 42 f t .  This hole ras aban- 
doned a t  68 f t .  

~ a ' e f ' r o s t  . i ?  preeent I n  the  area, but  A t  Wiangle  Inn, a 4-inch well 118 f t  
not  immediately edjacent t o  the  r l v a r  a t  the deep obta ins  a few gal lons  of water n m i n u t e .  
t o m  o f  Renmna. The depth t o  ,rater i n  90 ft. 

Pairbanks a rea  

Qenera~leat ions  regarding t h e  Tansnn 
Vslley, b ~ a e d  upon data aaquirsd i n  the  Fei r -  
bank8 sme, have been given previously, and 
hence only e l i t t l e  more naed be ~ a l d  a t  thLe 
point. It l a  apparen t  that, no f a r  ea the  
c i t y  is concerned, the  lnherent d i f f l o u l t i e a  
l i e  in the traatment of the  r a t e r  obtained 
and i t s  subsequent d l a t d b u t i o n ,  mther than 
t n  the  quantLtiee avai lable .  

FalrMnkr i a  suppl ied  a t  present l a rge ly  
by s e v e m l  hundred mall-diameter lndividualZy 
owned driven welle. The Korthern Comercia1 
00. Purnlshea a gsrt o f  the  c i t y  4 t h  water 
Prom a l a r  e-diameter dug well 90 ft deep and 
from a ga1Bex-y a m e n  out  vnbr the 
W V ~ F .  Steam heat is s l e o  del ivered b r i n g  
the winter, thus .preventing f r eez ing  of the  
l ine ;  du r ing  the varmer month8 t he  water 
service  l a  extendad via  small-diarmete~ l i n e s  
h i d  on the burfnce. 

Moat Zamo on t h e  low mountain elopea 
north of Fairbanks do not have a u ~ t e r  eupply 

A t  t h e  A l r  Force Ease on a higher t e r r aoe  
aouth of the  r ive r ,  severa l  well0 190 t o  240 
f e e t  obtain 25 t o  40 gpa with 3 o r  4 Pt of , 

drardon, from .gravelly sands. The depth t o  
water La &bout 180 f t  below the surface.  I n  
one well, t he  d r I l l e r t 6  l o g  reporta Obig rockan 
from 40 t o  70 f t  and f r o m  le0 t o  148 f t  below 
t h e  surfeae .  

The tamperature of the  r a t e r  is  =ported 
t o  be 40 Fa 

Jabnaon R i v e r  

A t  t he  oamp on the Plat  bench above t h e  
r i v e r  along the  Alaska I31 way the Alaaka P Road C d a a i o n  h a  a me1 96 ft deep i n  
which the depth t o  water is 75 Pt. It La se ld  
t o  pana tmte  all gravel, 

A t  mile 1,408.5, wMdb i a  I n  t h e  inrmedlete 
w l  olnity. or Johnson River, t he  C6rga o f  
m i n e e r e  d M l l e d  a well  a t  t h e  o i l  p ipel ine  

4, 3. m, OW@ 4 t  E I U ~ H ,  we!wn,a.  
l&oo Territory, CeMda, perwaal c m c n t i o n ,  
A q p t  I, 19U, 
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e ta t ion .  It penetrated aosrse  gravelly.  
m a t e r k l  t o  a depth of 84 ft, e layer of clay 
;nd boulder8 ( t i l l  1 )  i.Mm 94 to 104. f t  
clean crsahed @ a v e l V m m  104 t o  130 f.t, 

mclean waehed f l a t  ro&a w l b  an abundanae of 
r a t e r n  f'roln 1SO t o  136 ft, and clpy from 135  
t o  137 f%. A l l  the aat:erlB3 penetrated wee 
thawed. The depth t o  rmter was 104 f t  below 
the eurface. 

Dot lelr& 

A t  mile 1,370.13 on the hlghwey, wMcb is 
S milee west of Dot t a k e ,  t he  Corps o f  ' 

Edgfneers d r l l l e d  a well  a t  the pstrploum 
p ipa l ine  s t a t i o n .  The we l l  encounte~ed 20 tt 
of frozen gravel  end ellt, belod which thawed 
gravel  and aand extended t o  12@ it. The 
water l e v e l  wae 648 ft  below the eurfno6. 

A t  t h e  old aairfleld at Parmarose one 6- 
inch w e l l  43 ft de4g penet ra t rd  6 ft o f  s i l t  
and gravel  and.37 f t  of sand and gravel,  a l l  
thawed. The depth to water wae 31 
well is reported to heve yielded 3 8 Bpm rt w l  The th 
1 f t  of dmwdoan a f t e r  6 h r  of oumplng. The 
temperatura i s  reported t o  h v e  been 30& F. 
A aecond well  had almost i d e n t i o a l  ahorabter- 
istica. The t o t a l  hardness o f  weter obtained 
Fa reported t o  be 162 and l20 ppm, resgbablve- 
17. 

T a n m a  Bridge 
, , 

. A t  r i l e  1,390.1 s lon  t h e ,  p ipel ine  the  
Corps of E q i n e e r s  drillei a acll t o  8 depth 
of 45 It. The depth t o  water was 9 t t  below 
the a u ~ f o c e .  

One of t h e  two well8 &trilled f o r  tks . 
Corps of Engineera along the pipeline at; lalle 
1,288 on t h e  north s i d e  of the Tanana V a l l e y  
encountered "decom aed and nard grant te--  
s l e n t h g  foxmationpat o depth of 116 ft. 
The other encountered "hard granitev a t  177 
f t .  The alluvial meterial. above woe troaen 
silt and sand i n  each plaae. Only a l i t t l e  
water mas obtained from the  f l r e t  well  ,Prom 
bedrock and presumably e somewhat b e t t a r  gie ld  
wae obtained Prom rook ld t h e  8eoond well. 

A t  the Horthrrny f i e ld ,  south of the 
Ahaka Highmy and. f o r  out in to  the  broad 
velley, a well d r i l l e d  for t h e  Amy enomnter-  
ed 25 ft of frozen muck and 86 ft of froean 
eand and e l l t  containing lenees of oleer I ce .  
The thawed metarialnbelow 90 ft haa largell 
sand and g a v e l ;  o coarse gravel and eand 
between 227 and 246 f t  was Bevelopod in t he  
well. The depth t o  water i s  7 ft. The well  
i f i  repor ted  to  have ytyielded 30 e;gm with do 
obeervable drarrdom . 

A well  d r i l l e d  for -the Clvll Aeronautics 
Autharlty a t  HaTthway elmllarly eneormte~ed 
f ine  silty end murrky nedlments I n  the  upper 
part of t h e  hole  (Prooen to a dopth o f  only  
46 ft). Below a depth  of about lo0 ft the 

sediments were ooarssr and gravel  appeared at  
111 ft, but apparently . Z t  raa neassaary t o  g o  
t o  237 it t o  obtain e s a d - f r e e  gravel f o r  
-open-hole development. Orevel and Parse 
aend is  reported between 210 and 237 f t .  'Phe 
well  was pumped f o r  8& hr a t  30 gpm. The 
water l e v e l  is  about 16 it below the  surface.  

A t  mile 1,248.1 on the Ahaka Highway, 
which I s  near the i n t e rna t iona3  boundary, a 
well  205 f t  deep p'enetrated only thawed w u n d .  
The mter' lal  enoountered mr, dbsorlbed a s  
sand and "f ine  r o o k e y  )be well was gwaped'at  
a depth of 135 ft and a ~ o ' i n  st 203 ft  but 
both t i ~ e a  aand ran up the casing and ths hole  
m a  f i n a l l y  abanaoned . 

T&e ~uakokdm Valley axten& from the 
area near Zake Minebumlna, which La 160 miles 
southwest of Fairbaakrr, eouthwsstwnr\d to 
Kuakokwlm Bay opening on 'khe Bar1 Boa, a 
s t r a i p h t - l b k  a a t s r i o e  of about 4 3  m i l e n .  
The va l l ey  i a  a p ~ r 8 6 Z y  developed, md t h e  
economy is based l a rge ly  on gold, pleklnum, 
and ( f o m e r l y )  qu2akmilver minjng. Many indi -  
viduals, partiarlnrly the nat ives ,  i n  the  
several ' t i n y  v l l l sgee  work a$ aannerlea 
d o n g  th8 c m e t  In the aummer. 

The Xuakokwim Wver flow6 thrau* a 
bruad elluvium-f llled valley above M 6Orath. 
Frm Pcotath to  Anl& I t  flow8 thmugh a 
narrow rock gorge, but below Ant* i t  f l a r e  
across t he  vast; Boggy del ta  foxmed in the 
lower reaches of ,the Kuskokwim sad Y a o n  Rlvere. 

Ths se t t lement  a t  W e  Mlnahumlna con- 
e i s t a  of a C.lv11 Aeronautics AuthoHty ate-  
t i o n  and f i e l d  on t h e  a i r  route  horn Falrbanka 
t o  YcGrath and Palrbanka t o  Nome. The a r e a  
i s  low and characterieed by muskeg f la t s  and 
lakee . 

A w e l l  d r i l l e d  a t  Mlnabuntna penbtrated 
clayey gravel,  la rgely ,  t o  a depth of 48 it, 
where 4 f t  of r s to l cbea r lng  gmve l  Va8 pene- 
t r a t ed .  A t  52 ft the  d r t l l  reached bedrock. 

'Fbe water obteLned 18 aeid t o  be of f s i r  
q u a l i t y  but ha@ a high Lron content. 

Mcorath ie a oommunity o f  about 100 in- 
habi tants ,  moat of ahom ars vrhltb. It l a  
ai tuateh an a low s l ip-off  elope of the river 
on the  southeast flank o f  the KuekoksLm 
Mountains. It ia imporbant ae a t ~ ~ d i n g  c m -  
tar  f o r  amell mLnes in the e d j ~ a b n b  area and 
a s  an intermediate atop  on the Ancharage-Kame 
f l l g h t a .  Scheduled phnea on the Pairbanka- 
Bethel m n  likewiss s top a t  McOrath. Sane 
hunting am3 t ragoing ape done l o c e l l y  by na- 
t i ves .  

f n t o r m a t i ~ n  on ground weter a t  McO~ath 



was obtained hrgely  f m m  A r t h u r  P l a t  of the  
Alarka Native Semice.  

A t  the C l v i l  Aeronautice Authority s t a -  
t i o n  a well WBE d r i l l e d  t o  P depth of 262 f b .  
8and and si l t ,  f o r  the moat par t ,  was pena- 
t r a t ed  t o  a depth of 230 ft. ,This was not 
developed, prsaumnbly beeauae of d i f f i c u l t y  
of holding out the  f ine-grained mater ia l  with- 
out a screen,  and d r i l l i n g  mas aontlnued i n t o  
underlying g m y  a l a t e  t o  a total depkh of 262 
f t ,  CasLng, the lower 12 ff of whlch waa p e ~ -  
foratad,  was aeb a t  242 f t .  Zhe water level 
i n  b h i ~  w e l l  m a  about 20 PC below the  surfaoe.  
The maximum yle ld  l a  not known; khe pump i n -  
e t e l l e d  i s  reported to  furnish more than 6& 
g p ,  The water appears t o  have a high iron 
content. 

A doeen or  so driven draaeetlo wella have 
been canatrmcted e t  McOrath; these develop 
gravelly eediments encountered a t  10 t o  35 f t  
beneath overlying s i l t y  mater ia l ,  Ample water 
f o r  a small roadborne is obt8Lnt.d from such o 
1)-inch driven wall by mane of a small  sua- 
t i on  pump. !l'h& tracer obtainec? *om theae 
wells generally oontains a l i t t l e  iron. 

It is i n t e r e s t i n g  t o  note that, where 
ps tmnen t ly  frozen pound b a a  not been en- 
countered, rtbeee drfven wella have genera l ly  
been put dorm i n  1% to  ?i hrr Pernefrost is 

ene re l ly  abasnt near thb r i v e r  but, as in 
#a Irbmks, appeam aame dis tance  away as a 
th in  wedge and thickma w l t h  &etance f r o m  
the fiver. 

Parewell. 18 en emergenay landlng f i e l d  
on tbe  r e s t  flank of t h e  Alaaka Range a t  the 
meat end of Rainy Paas, through rh l ch plane e 
f l y  on the Anchopage-McGrath- o m  wn. 

A well dr l l l eb  here at t he  C lv i l  Aem- 
naut lcs  Authorlty station enaountered 'bould- 
eca, gravel ,  and frost" t o  a depth of 125 f t ,  
below which "eand and clef extendod to  292 
ft. The available log does not lndica te  the 
cornpait ion of tho deeper s la ter ia l  but, 
aaoording t o  gar2 Young, who d r i l l e d  the  
well, water wae obtained Prom n boulder fonna- 
t ion ,  presumably extending from 292 t o  548 f t .  

!he depth t o  water waa 338 f t ,  according 
t o  Eap1 Yo 'Phis is r a the r  aurprls.ing, 
Deoause it3ht be expected tha t  weter would 
ooaur under a r t e s i a n  head. Pre8amably t he  
overlging cleyeg beds e r e  breached a t  a lower 
a l t i t u d e .  Possibly ground water m y  occur 
under artes ian  head i n  adjaaent,  less deeply 
dieeected,  are&e. 

Aniak l i e 8  on the  south bank o f  the 
Kuakokaim Wver about 135 dies from the  
mouth of thet r ive r .  I t  l a  on the west flank 
of the Euakolcrh Mountains and at the head o f  
the vas t  Yukon-Kuekokrim d e l t a ,  Aniak l a  
325 miles west of Anchorage, 270 miles aouth- 
eaat of Wome, end 96 milea northeast  of Bethel, 

Aniak has a population of about 200, a 
h r g e  p a r t  of whom a r e  Bskimos. Subsietence 

is gained from work i n  plaoer campa and 
Piaher les ,  some dis tance  Zrw Anlak, and i n  
hunting and t~apping l oca l ly .  Some Lumber i a  
produced a t  Mak. The town l a  eervea by 
river  boats I n  .the awnmar. Northern Oonso- 
l i d s t e d  Alr l lnsa  furnlshea service t h ree  
times a week from Fairbardha t o  Bethel. 

A stop-over waa m d e  a t  Aniak on February 
26, 1949. The da ta  gLven below were obtained 
f r o m  i3m Volab m d  otbel' c l t i zene .  

and -.--The v i l l ~ g e  lies 
on t h e  flood g la ln  of the Kuekohirn River. 
Tba mater ie l  mar t he  eurface is coar8e eard. 
Permfros t  la not preaent I n  theae r ecen t ly  
f 0 m d  dep08Ita. 

a e r  auapls.--There are about 13 emall- 
diameter driven wells  i n  town, m i n g  i n  
depth fsom 35 t o  60 fir T h o  largest produaer 
i a  the well e t  t he  echool, which f a  60 ft 
deep. A j e t  pump pmvldea weter f o ~  about 32 
pupila,  The echo01 has modern aani tary  
f a c i l i t l e a .  

Tbe depth t o  water ln t h e  w b l l s  va r i e s  
wlth We r l v e r  l eve l  and i s  as l i t t l e  a8 16 
f t  below tbe surface i n  t he  summer and as  much 
as 28 ft below the aurfaca In  the winter. 

The wfa t a r  obtained has an excel lent  
t a s t e ,  l a  s b g h t l y  hard, and has only a tmae 
of iron. 

Bethel 

B t h e l  I l e a  on the lower Ku&olnalm, 50 
miles from the mouth of the r i v e r  on Kuskokrlm 
Bay. It: l a  400 milee weet of Anchorago. 

me v i l l s g e  ha8 a gopuh t ion  of abouf 
325, about 300 of ahom e r e  Eekimcr. 8ubais- 
t m c e  i s  gained by work i n  the cannsriea 5.n 
the s m e r ,  f ishing,  and trapping. Some tndl- 
viduala e r a  employed a t  the Alaska Native , 

Service hoag t t a l  a mile s o ~ t h  of t o m .  

The v l l l a g e  Is st the  head of navigatlbn 
far ocean-8olng veaeels and 18 a point of . 

transshipment for good8 Bestined up FLverr 
Alaska Alr l lnea  makes tno f l l g h t s  weekly Prom 
Anchorage v i e  a n e k ,  and Northern Consoli- 
dated hat3 t h r s e  f l i g h t s  we8kly f r o m  PBirbanka 
v i a  YcOrath. 

--me v i l l age  l i e s  on a broad, 
l o w  i . ' B ' m  the north b&nL of the 
Xuakokwim delt;a. The Clvil Aeronautics 
A u t h r i t y  a l r f l e l d  l i e n  on P s imi la r  low f lood 
plain on the  aouth bank of the river oppoeite  
the v i l l a g e .  

-.--The region l a  underlain by silt 
and Pine nand. The nea~es t i  hard-rock hl118 
a r e  65 rnLlee b the north on the  Yukon ~ n d  
a t  the bass of the Xilbuah Wountaine 60 mile8 
t o  the aoutheast. Tha area has long been 
receiving aedimentarg m t e r l a l  t h a t  ha8 been 
transporkad a long distance and consequently 
is f l n e  i n  texture.  I n  part much of t h l a  
f i n e  ma te r i e l  m y  be rind-blown. However, a t  
some paet stage of e r o s i o n ~ l  h i s t o r y  the va l l ey  
was conaidembly narrower, the hard-rock h i l l s  
were c lose r  and coarser  n n t e r l a l  aaa depoeit- 
ed. Hence i t  i a  expected tihat coarse sands 



and perbps -el w i l l  be enocruaterbd a t  
depth. 

and Che Kllbuok Yountainr, on the nor threat .  
It  ras an area of alacinl eoaup when ice 

v -  - - -  - -  - --- 
tongue8 extended, from both the rengea tomrd 

A well r ecen t ly  dr i l l ed  by the Oivi l  BFiafol Bay: I n  h t e s  atages the re  m a  rrmoh 
Aeronautics Authority penetrated f i n e  s i l t  a t  g l a o l o f l u v i a ~  depoelt ion aa the g laa ie ra  
t h e  eurfaa6, f lno  sand from 20 Lo 109 St, and ,r%tre&t;&. It soem l i k e l y  t h a t  oonsldesabla 
medium ( 9 )  a n d  from 109 t o  197 f t .  A few thicknesses of outuaeh mater ia l  are arenent - - - -  

pea-sized pebble8 were d x e d  wlth the  f t n e r  .- -----  
here and t h a t  p l o l i f i a  stir-bearing bada 

mater ia l  from pleoe t o  plaoe and a l i t t l e  a r e  acmmooo. 
c l ay  i s  reported a t  117 f t .  136 fi. and 185 
ft. I t  seemed l i k e l y  tgt. t h i s  well  aobld be 
developed and p u t  in to  m e  by i n s t a l l i n g  a 
suitable s creen. It  waa subsequantly report- 
ed t h a t  t h i s  was done eucoees f i l ly  by forolng 
a dr ive-paint  s t m i n e r  on a 4-inoh p i p e  below 
the bottom of the  6-in& hole. 

Tne v i l l age  of Bethel is underlaCn by 
g e p a f r o a t .  A hole a t  the hosp i t a l  d r i l l e d  
t o  a depth of 165 It (100 1 f t  below d'ea l e v e l )  
m e  s t i l l  1n. f rozen ground when i t  woe aban- 
doned. The whole v i l l age  of Bethel 1s on 
fromen ground but, a t  t h e  C iv l l  Aeronautics 
Authority f l e l d  aoroae the  r i v e r ,  on the  in- 
s ide  of a meander loop, only a foo t  o r  two of 
permafrost i s  present a t  a depth of 16 f t .  
m e  g ~ o u n d  there  has been reoent lg  f amed  and 
p e m f m e t  has had l i t t l e  opportunity t o  de- 
velop. 

The Bethel t o m  s i t e  i s  eubject  to  flood- 
1% and i s  belng eroded ac t ive ly  by the 
r ive r .  

Water su~~1p . - -The  re s iden t s  use r i v e r  
water or r lver  ioa  purchased f ~ o m  a pr lvate  
suppl ier .  The l a rge r  p r a h a s e r s  pay about 
$5.00 per 1,000 gal .  The hoapi ta l  haa a oipe- 
l i n e  from the  r l v e r  rlbl* operates f a g r l y  well  
i n  the  summer bu t  l a  aos t ly  and ambersome t o  
operate i n  the  winter. Further,  tha q u a l i t y  
of the r i v e r  water obtained is i n f e d o r  i n  
t h a t  it h a  a poor t a s t e  and genera l ly  con- 
t a ina  e-e co l lo ida l  glacial flour t h a t  i s  not; 
f l l t e r a b l e .  Drinking uater f o r  the h o s p i t a l  
l a  derived f ~ o m  ,a a l n t e r  i a e  supply. 

A t  the C i v i l  Aeronautics Authority sta- 
t i o n  ehal los  gmund water high i n  i ron  con- 
t e n t  i s  avai lable ,  but at Bethel, underlain 
by permafrost, shallow water cannot bs obtain- 
ed and a e p t i c  tanks, l a c k i q  drainage f e c i l i -  
t i e s ,  simply P i l l ,  overflow, m d  f reece .  

I t  is obvious t h a t  Bethel needa a water 
supply f o r  both town and hosp i t a l .  A r i v e r -  
water aource i a  impraotical  beoauee of the  
poor ghyal oal chemical, and baa t e r io log iea l  
qual i ty ,  and Geoauaa of the ad4ed cost  of p~e- 
venting f rees ing.  

Unfroeen w~ter-bear ing coareer sand's un- 
doubtedly l i e  below the f i n e  sand8 penetrated 
i n  the f i r e t  120 ft at Bethel, but where 
these are can be determined only  by t e a t  
d r i l l l a g .  However, ooneldering the locat ion 
of Bethel i n  t h e  permafrost be l t ,  it aeema 
l i k e l y  t ha t  I n  most plnoes permafroat would 
not ~xtend eo deep as t o  iacluae a l l  zones of 
r e l a t i v e l y  coarse s,.sdediments. 

'Phe louland a r m  taoing Briato?. Bay in  
the  broad valley of t he  Hurrhagak.River, i ies 
between t h e  Aleutian Range t o  t h e  southeast  

N-ek ahd Mllingham a r e  t h e  t m  major 
t o m e .  A few oannedea a r e  looated along 
and near the bay but a a t i v i t y  here 1s almose 
a n t i  rely eeaeonal. 

Le a of wells  a t  Iaknek provided by 
o h  M e  geologiot ,  C o q m  of Engineers, 
Alealra Die t r io t ,  a t  Anohorege make poee ibb  
a broad oharacter i%at lon of tAe area. 

PIalmek l i e s  on the e a s t  shore of Kvlohak 
Bay off Br i s to l  Bay on the north f l ank  of t h e  
Aleutian Range. It  i s  west-northwest of 
Mount bt!mi. 

Naknek well no. 2 penetrated "water am&'  
between 30 and 36 f t ,  "glaoia l  silt  and gravelm 
from 66 t o  103 It, " m t e r  man$' from 103 t o  
106 it, "quicksand and gravel from 106 t o  145 

water smd" from 146 t o  148 ft and 
f ~ h i & s a n d  end gavel ' '  from 148 t o  168 i t .  
The well  f i m i a h e d  100 gpm. It may be presumed 
t h a t  i f  sand soreena were installed i n  auch 
a k.o$e opposite the b e t t e r  materiala,  a muoh 
greater  yield might be obtained. 

Baknek wel l  no. 1, 8 in .  i n  d i m a t e r ,  
obtained 165 g p  from ooaree white sand 
penetmted a t  a depth of 97 ft.  

The "Rapids well%$ Waknek penetrated 
ngraveln between 35 and 90 ft and "rster 
graveln between 171 end 176 fk. Most of the  
other matererial penetrated appears t o  have been 
f i n e  i n  texture.  The-well, 6 i n .  i n  diameter, 
ylelds 80 gp. 

A t  the  Alaska Cmunica t iono  Syatam 
s t a t i o n  (a t  the a i r f i e l d  4 )  pea gravel  was 
penetrated b e t r a m  34  and 47 f t  and " U l a k -  
nand EM w a t e r n  betwean 57 aird 69 f t  . 

If eediments underlying the  town of  
Naknek are s i m i l a r  t o  those deacrlbed above 
the re  i s  l i t t l e  doubt that a municipal s u p p i j  
c w M  be obtain& eacrlly from wells. 

Snag Point (Dillinghnm P. 0 ,  ) 

Snag Point is a community of about 100 
pereons, m o s t l y  nativae,  and i a  t he  t rading 
center  f o r  the neverfa1 srrrall o o m ~ l ~ l i t l e s  and 
cannefies i n  the  Buebgak Bay area. It l a  
less than 10 miles nor theas t  of Mllingham 
and 65 miles west-northwest of leknek. Accord- 
ing t o  Mertia (1938, p. 70) a n  8- to  b-inch 
well  was eunk for tha-Alaeka Portland Pockere 
Associstion t o  e depth of 215 .Pt, *shere f i n e  
grevel  and black s m d  were penetrated. Tha 
weil was located a t  an e lava t ion  o f  60 Pt and 
a s t rong flow of f i n e  c l e a r  watern WR8 ob- 
t a ined  that  m r e  t o  s i t h i n  18 f t  of the aur- 
f ac t .  Tha well  f i l l e a  with sand and *as 
f i n a l l y  abandoned. 
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Clarke  Point 

Clarke Point ie a m t i v e  oomunlty af 
about 25  pereon8 and t he  h c e t i o n  of a aan- 
nary. I t  i s  about 20 miles eouth of M l l h g -  
hlll~, but on tha eaa t  shore of Muahagak Bay. 
A well was d r i l l e d  here for t he  Columbia 
Rlver Pac3fsrs bssooia t ion to  a depth of 186 
ft ( Y e r t i s ,  1030, p. 71). Soma b r o w ,  &is- 
colored water m s  obtained fr&a t he  e v o l .  
a t  175 ft, t h e  depth t o  w b l o h  l oo  (permafrost 7 )  
u k o  reported. No o the r  d e t a i l s  are  av4L1- 
able.  

D i l l i n g h a m  and bnakanak iKanaknnak P . 0 .  ) 

A well  exists a t  t h e  AJneks Native 8er- 
vice h o s p i t a l  rt Knnahmtk but no records 
of wel ls  e r e  ava i l ab le  at f)lllln8ham, nearby. 
2'he wel l  at Unekansk is 64 f t  deep and, 
according t o  ea ana lys i s  made by t h e  ALeSLra 
Department of Health, the wat;er l e  fairly 
aof t ,  i~ high i n  lmn content, and h8s only 
10 ppm of chloride. 

In tha  aumer  of 1949 Charles Turnbull 
of the  Aleaka Depertmnt a t  Bealth made a 

, sanitary survey covering the Yukon from 
Mmpart t o  Holy C ~ o s s ,  as  w e l l  am a feu 
adjacent areaa.  Tbe following fao te  are taken 
from hla repor t .  

B e  amall. Yukon Fllver commwitLes coneiat  
w e t l y  of Indicaa except f o r  e re. traders 
and C l v I 1  Aeronautice Authorlky o r  other 
goverrppental pesaonnal. Along the Lower 
reaahes of tho rivor,  h o r m e r  the  Beklmo 
populatson boomed 8 i@if  icaab . There 18 
l i t t l e  eaonomLo development other than that 
connected with B-11-scale gold-minlng opsm- 
t i m e .  Tk~e nat tvee  do some trapping and t i a h -  
1%. 

With t h e  exception8 noted, below R a m p a d ,  
~aaana, x d r i n e a ,  %by, Oalem; KO& 
Sta t ion,  l u l e to ,  XaLtag, Anvlk, and Holy 
Croas on the W o n ,  Hughes and A l l a b k e t  on 
tho byukuk, and Bologachsket and Shegeluk on 
t h e  Innoko River (entering t h e  Yukon a t  B01y 
h o s e )  obta in  t h e i r  a a t e r  @upply f r o m  cfa terns ,  
from the river, o r  f r o m  melted loo and snow. 
It aeems l i k e l y  t b t  i n  w g  of these  cOrmaU111- 
t l e a  lnexpenelve dcive-point weUa m i g h t  be 
b i v e n  t o  gravols a t  no g m t  (lapth t o  tur -  
nleh a a t ab le ,  easLly availeble safo r a t e r  
eupply. Where pe-ffost underilea We 
villages, the prob,l8m fa o b v i o u s l ~  more d l f f i -  
oult. 

Circ le  g o t  Springe 

Waring (1917, pp. 51-63) dascrlbed the 
hot spr ings  a t  C i r c l s  on t h e  Yukon. The 
adjacent land was f l r s t  homsataaded i n  1909 
and l a t e r  developed as a *sort, the  raker  
being uaad f o r  b a t b ,  f o r  i r r i g a t i n g  vege- 
toblee,  and f o r  domeatic U88. 'Phe t o t a l  flow 
i e  about 340 gpm and the tempentture of the 
water i n  the bathhouse i s  110 P. 

Samples cc l l ea t ed  i n  1949 ehm tha t  the 
uppar l a rge  swing yield8 n fairly 80f t  sodla 

water aontaLnFng 95 ppm of sulfate end 8 4 8  
ppm oP ahloride.  It i a  of p a r t i m l a r  i n t e r e a t  
t o  note Chat We water contalna 10 ppm of 
flu or id^, 6 content much t o o  high far drLnk- 
i n  water. Canthued use by 
" i f 1  result in pe-ent m o ~ t I E ~ a P E % n u  
enamel. 

Tanam l i e s  on the n a r t h  bank of the 
Yukon, Juat below I t a  junction wlth tho Tanme 
Wver. ' X t  l e  132 mlles weat-northwest of 
Pairbmka. Tenana has a small  w t l v e  populn- 
t i on ,  end flaMng and hunting ere the prixarg 
oocupations. 

'Phe v i l l a g e  $a served by r i v e r  boate in 
the  summer. Northern Consolidated Alr l inee  
furnisbee service three  timas n week. 

-V and neoloqy.--The v i l l age  and 
Civil Aeronautics Authority f l e l d  l i e  on the 
flood p l o l n  of the Yukon RLver. Immediately 
r e s t  of the  f i e l d  [dotsnstraaa) the  flood p h l n  
termlnatea against a gen t l e  slope m b e r h i n  
by ha& rook. 

s u ~ ~ l y . - - A t  the Northern Commercial 
CO.  a 50-foot well d r i l l e d  in to  bedrock l a  
sa id  t o  y i e l d  52 gpm. The water i s  hard. 

Aocording t o  Warlng (1917, p. 87) water 
f k w m  the same ( 9 )  well  ha3 a total h~rdnean 
of 415 ppw, l a rge ly  carbonate hardnoaa. m e  
i r o n  ofintent l a  2.7 ppm. However, two other 
r e l l a  nea? t he  r i v e r  yield. "good* (iron-free 
0 1  nates. 

The Ahska Native 8ervice hoapi ta l  and 
school both obtain water Prom dug w e l l 8  about 
30 ft deep. 

Ruby on the hlgh b lu f f  on the  south 
aide of the Yukon Blver wes once supplied in 
t be  sumar montha by water pi@ from 6 spr ing 
duet aouth of the v i l h g e .  Ths dimtribution 
l lnes  have since been torn  up. 

Oabm 31ea on e meander on the ,  north 
bank of the Yukon Wver. It is 273 miles 
r e 8  t of Palrbanke and 254 m i l e a  eaa t of Home. 
The nat ive  v i l lage  of Oalena b e  about 100 ( 0 )  
i n h ~ b i t a n t a  18-10 subola t  by f i s h i n g  and t m p -  
ping. The Asmg field, a ferry s t a t i o n  former- 
l y  ueed by the fhraalana i n  taking pleden 
from Fairbanks t o  Slberla, I s  located  warby. 

%t:er can be obtained f r o m  shllow wells 
ln t he  vi l lage ,  but; the  q u a l i t y  of water is 
bad and the v i l lagers  prefer t o  carry water 
from the Yukon River. 

There are  a r l l l e d  wells a t  the Army base 
heving a mexlmum depth of 235 fl. The eupply 
i a  ample but the  water i e  hard and aontalna 
muah Iron.  It  i e  disagreeable i n  t a s t e ,  and 
wa t e r  f o r  drink- purposes is  provided from 
steam oondeneate. 



According t o  Mr.  W n b u l l ,  n8 dCIven 
well was located  l a  hont of the Misalon 
which was used u n t i l  t h i a  paat year (1948'1, 
when t h e  miesionery-in-+urge had it removed. 
This water -0  hard,* 

Acco~3lng t o  warlng's published analyses 
(1917, p. 97) t h t e  water wee s l m i h r  t o  but 
a l lgbt ly  harder than t;he bard well r a t e r  from 
Tanana 8nd contained 6.0 ppm of icon. 

Holy Croas 

A well  100 it Beep e t  Boly Croa.8 miesion 
penet ra tes  bedroak and, used in conjunction 
with a 4,000-gallon tank, flirnLshes. maker 
f o r  the  miosion and two domlcilee. Another 
well, SO f t  deep, a l s o  g e n e t r a t i w  bedmck, 
i s  no longer used. 

The villagere u8e river water I n  both 
winter and Bunrmer. 

A t  Rughes on t h e  KO-& Rlver, t h e  
t r a d e r  obta ins  a eupply of excel lent  r a t e r  
from e driven wel l  13 S t  deep. 

Karshall  llem an the  lower Yukon about 
150 milea froin i t 6  mouth. I t  bne a poguli- 
t i on  of about 150, moat of whom are Xakimos. 
borne gold dredging is done lo t he  v i a n l t y  and 
during aunrmer month3 mny na'clves work i n  the 
B r i s t o l  Bay aannerlea. 

AecordLng to  John 8. Kerr of the h a l o -  
gical. Survey, who v la l t ed  Marshall i n  t h e  
eurmmbr of 1949, p l l o r i t i c  ma andes i t i c  rocks, 
and tu f fs  orop out a t  the surface an the  
higher grouna baok from tho river. Near 
r l v e r  Level a l F t  t l e  fiae- t o  medtum-grained 
aandy alluvfum over l iee  bedrock. 

Two dug wells era ln use i n  Marahall. 
'Fhag a r e  mer We r l v e r .  One obtain8 water 
from fmotctred tuff, t he  o t h e r  from andeeite.  

It seema likely that properly.conatmcbed 
end protsc ted  dug wella on lor ground m i g h t  
provide a maeonable amount of  water aa fa r  
than that uerd a t  present .  Wells d r i l l e d  i n t o  
bedrock hetle rnigbt have smll gields, but 
atlll e u f f i t l e n t  f o r  doat purposee. 

.Nprtpn Sound 

St. Mlowel is  on the northeaat  end of an 
Leland in Piorton Sound, immediately adjacent  
t o  me mainland. It is about 50 miles north- 
e a e t  of t h e  North Fork mouth o f  the Yukon and 
128 miles aoutheaat of Nome. 

The v i l l age  of S t .  Yiohael ha& n popula- 
t i on  of 153, Including one *hit8 dm. The 

. Worthern Commerci.al Go. employs may of the 
natZvea f o r  the @ea te r  par t  of the eumrmer t o  

ogara ts  F t e  f r e igh t ing  e e r v i t e  between S t .  
MLohael and MsrahaI.1 on the  Yukon River, ht 
the major seaeonal emglopment i s  i n  the  
Br ie to l  Bay eameriee. A few of the  natives 
ere enga ed l o  barding re indeer  end a11 hunt, 
flab,. .n$ t r a p  t o  some extent .  

The v i l loga  &a weekly seaplane a i r m a i l  8 service.  Bush g i l o t a  u t l l i e s  the anndy beach. 
About four time8 eech summer, steamships o f  
the A l e s h  Steamhip l i n e  s top  a t  St. Michael 
and tugs of the Northern C o m ~ i c a l  Co. unloe& 
mob8 frequent1 y. P 

St. M i m e 1  m a  v i a i t e d  b r i e f l y  0x1 
Beptembep 1 194.9, by John E. Xarr. Paul 
IvanofP, school teacher, provLded the Informe- 
t i o n  greeentad here. 

S t .  Mi obael, lourdad by t h e  iauelana 
6 u l - i ~  the 1880'8, flourished as the leadi% 
port of  A,>aska as a t r a n s f e r  point  f o r  S ta t e -  
elde uargo consigned to  the i n t e r l o r .  From 
here  etsambpata p l i e d  the Yukon TtLver as far 
inland as Daw~on Yukon Territory, a diatslnce 
OP mom than 1,360 mlee.  st. r ichno1 cseeea 
t o  finction as t h e  supply polnt f o r  I n t e r i o r  
A h a k a  upon the cornpletlan of t b  Alaska 
R~ilroad i n  1923. A t  t ha t  t i r e  St. Ulehael  
had an estlmted popLlntlon of 7,000. U. 9. 
A m y  trcmps were garrisoned i n  St.  llchasl 
un t i l  1836. 

Y and n e o l a . - - T b a  aeaward or 
weet-faalrw beach at st. Nldhael is sandv. 
whema8 thz protected or  mat-facing b e a s  
i s  etrewn ~ 5 t h  large .blocks of  dtsintegratrlng 
baaalt ,  The torn  1s b u l l t  on t he  eeat-Pacing 
beach on a b l u f f  abouO SO it above sea level .  
Much of t he  irrlanb near' the v i l l a g e  l a  under- 
lnln by a very black a i i t y ,  mucky deposit  
perhsrpe 20 et in thioknese. Pamafroat oacura 
on the island a t  6 depth of about a ft and 
1s known to extend t o  a depth of a t  l e a s t  6 
f t  . Baneath the thin a l l u v i a l  cover l ie8 
baaaltlc Lava, which le ves icu la r  i n  placse .  
I t  is thought that thia lave is of Recent age. 

-.--The chief aourcee of pot- 
a b l e  water a t  t .  Yiabsel  e r e  raln later 
during Che a m e r  and i c e  dullng the winter. 
Bowever, on the  dnlmd,  about 2 miles Prom 
the town r Jar@ swlng ieausra Prom tha 
beach. hi8 *spring l e  used a #  B aource of 
water by the tug8 and reeamshipa tha t  v i a i t  
St. uiohaal. During high tide t he  muth of 
the spring l a  Inundated; du r ing  this period 
r a t e r  Ls taken by boats while standing about 
80f3 Pt off the high-tide shore l i n e  i n  10 S t  
of water. The spring Plows id auch volume 
t h a t  mixing of freah and s a l t  water i s  esscsn- 
t i a l l y  n i l .  

Another more Important, aource of water 
is Johnsons h o ,  on the island i t e d l  end 
about three-quartere o p  a mile d i s t a n t ,  be- 
twegl the eea and tbe tom. 'Phis lake measures 
approximately 600 by 600 P t  and I s  about 12 
ft; deep. While troop8 were a r d a o n e a  at S t .  
Y I ~ b e 1 ,  the  * m y  i n e t a l l d  ?above p o u n d )  a 
3-In& galvanlsed pipel ine  frumthe lake t a  
t he  tom.  I t  Is eatiambad t ha t  the daily 
ooneumptian was ln exceva of 600,000 gal. 
After tho  Amy abandoned St. Michael, t h i e  
notar system *&a f o r  p t i m e  mintalnecl by t;bs 



Alaska CommercLal CO. and tbe  Northern Naviga- 
t i o n  Co. and the 3-Lnch lLne l o  reported t o  
be ueable a t  preeent.  There Is also ,  i n  
apparently good working order,  a 10,000-gallon 
s to rage  tank i n  tha g ~ a s i u m  t h a t  was e rec t ed  
by t he  Army. 

No well  of any type hae .ever been con- 
8 t ~ c t e d  a t  St. Michael but it i a  reasonable 
t o  expect t h a t  a d r i l l e d  well uarld y ie ld  
water In  aaprec iabla  quant i t iod  from the  mder-  
l y l n g  basalt. 

The a u r f i o f e l  meter ia l  on t h e  i s l and  1s 
a silt o r  a s i l t y  muck about 20 ft th ick .  A 
part of t h i s  (at l e a s t  6 P t )  I s  rendamd 
Impermeable by  p e m f ~ o e C  and tha remainder 
probably would not  c b n s t l t u t e  an aqui fer .  

If t h e  b a s a l t  near JoW80n3 Lake i s  
ves i cu la r  i t  should be a good conduit and 
moat wella d r i l l e d  l n t o  bedroak nea r  t h i s  
lake would be suooesshrl .  Shallow w e l l s  
d r i l l e d  a t  o ther  looat ions  on the i s l and  
probably would be aucoessful  i f  they also were 
fed by continuous o r  Oonneoting ves io les  of 
the basa l t .  

Unalakleet l l e s  on the  e a s t  shore of 
Norton Sound on a bay-mouth ber a t  t he  south 
of t he  Unalaklest River. I t  l e  1 4 7  miles 
east-southeast  of Nome. The t o m  has a popu- 
l a t i o n  of more than 400 almost a l l  being 
Eskimos. For a l l v i n g  {he r ee lden t s  hunt and 
fish, and work i n  t h e  p laaer  mines near  the 
head of Norton Bey. 

The a rea  1 s  secved by sraell boats i n  the 
summer months. Unalakleet l a  e atop on t h e  
Alaska A-Lrlinea, whlch mekse four  f l i g h t s  a 
week f r o m  Anchorage t o  Nome. 

Unalakleet was v i e l t e d  on Pebruary 26, 
1949. M r .  Warbelow, Aldalre Native Service 
teacher,  Frank Ryan postmastev, and M r .  
Roseneau of the ~ i v f  1 Aeronautics Autho r i t g  
ware contacted and the l oca l  water-supply 
f n c l l i t l e a  ware dtacueaed. 

To~anraohv  -,--The v i l l a g e  
l l e s  on a sand bar b u i l t  aCFO8e the  es tuary  
of the  Unalakleet River, a r e l a t i v e l y  small  
atream ly ing  I n  e broad va l l ey  extending 
northeastward t o  the  Yukon. The Yukon may 
have discharged ln to  the  Ocetm through t h l s  
channel a t  one time. The send bar on which 
the  v i l l a g e  is a l t u a t e d  1s about 20 ft above 
Bee, l e v e l  and p m j e c t s  eouthward about 13 
mi fram a submauntalnous area.  Tbe bar l a  
about a qua r t e r  of  a mile a i d e .  East of t h i a  
bar i a  a swampy es tuary-  South of t he  v i l l a g e  
of t h e  Umlaklee t  River fLnds i t s  way t o  the 
s e a ,  

The bar f a  knom t o  be sandy and probab- 
l y  contain8 gravel. The f i l l  i n  back of t h e  
b a r  may be mde up l a rge ly  of olayey o r  Pine 
sandy aedirnents, but theas  nay over l i e  coarser  
mater ia l  bmught down by t he  Unnlakleet  (or  
Yukon) before the bar was formed. 

Water sunalp.--At the  misalon end a t  t he  
schoolhouse a r e  two well$, pnr.tlg dug, p a r t l y  
drlven, about 30 Pt dbep. The deptb t o  water 

in these wslle i s  about 8 f't. According to  
Mr. Ryan, one of fhdee welle y i e lda  a m i d -  
mum of 10 &p wLth 20 f t  of drawdown. The 
water-bearing formatton i s  yellow f ine -  t o  
medium-grained sand. The water is s o f t  end 
conCaSne no l ron  but i s  s l i g h t l y  corrosive. 
I t a  s l i g h t  s a l t i n e s s  may be  me t o  e a l t  apmy 
f M m  the  ocean r a t h e r  than t o  sa l t -water  in- 
t ru s ion  induoed by pumping. 

Nost o f  the water used by the v i l l a g e r s  
i a  obtained from small  creeks nearby o r  from 
a sp r ing  5 milea d i a t m t .  

Modefete q u a n t i t i e s  of water, l e s s  l i a b l e  
t o  po l lu t ion  then the present  supply, m i g h t  
be obtained just nor th  of the  v i l l a g e  from 
r e t h e r  shallow wells, but t o  develop l a r g e r  
quant ltias would ~ e q u l r e  exo lomt ion  near  the 
hsrd-rook h i  11s. We t e r  developed there  mlgbt 
be srnell in quantity, however, and would re- 
quire an expensive p ipel ine  and maintalnence 
i f  the  water were t o  be used a t  the present  
v i l l a g e  s i t e ,  

Name 110s on the south s i d e  of t h e  
Seward Peninmula on the Bering Sea. It i s  
545 milea west-northwest of Anchorage and 135 
milea southeast  of t he  in t e rna t iona l  bundory,  
a t  the  Momeda Is lands .  Nome ha8 a populs- 
t i o n  of about 1,500, of which many a r e  na t ive .  
In l a rgea t  part ,  Nome owes i t a  economlc l i f e  
t o  the placer-gold mtnes i n  t h e  area.  

Ooben veesela make Home a regular part  
of c a l l  i n  t he  wanner months. The city is  
served by A h s h  Alr l lnes ,  w h l c h  has  four 
f l ights  wegkly f r o m  Anchorage via. McGmth an4 
Umlaklae b, and by Pan American Alrwaya wMch 
has two f l i g h t s  weekly from Fairbanks. 

PQnonrbahr and aeolouy.--Nome l i e s  on a 
long, even coas ta l  p h l n  along the open ae8. 
The ground r i s e s  very gradual ly  t o  the low 
mountaLn8 a Pew mLles n o r t h  of t he  c i t y ,  This 
lone( elope La underliain by Quaternmy a l l u -  
v i a l  depoei ts  in wNch t h e  p l ace r  gold occut-s 
(Smith, 1910, p l .  2 ) .  

w e r  eupp11.--Moat of the d t y  is  
eupplied by water hauled from t h e  Bourbon 
Spring well, devaloped i n  a l luv ia l .  gravels  
about ha l f  a mi le  nor th  of the e i ty  l imi t s .  
This wel l  1s about 2 0  f t  deep and y l e lds  
about 90 gpm with 5 f t  of drawdown. The 
water i s  hard but free of lron.  kring the 
summar water of an exeel lent  q u a l i t y  1s 
aupplisd by the  VnLted S t a t e a  Smelting and 
Refinlng Co. by p lpel ine  from Moonlight 
Springs, about 3 mlles nor th  of town a t  thd 
foot  of the mountains. A few other  shallow 
we119 i n  the alluvlum a p p l y  the hoep i t a l  and 
resldenoes on the nor th  aide of town overlook- 
Fng D r y  Cx-ask. Nearer t he  shore, the presenae 
of permafrost has been a de t e r r en t  i n  the  
construction of wella, and along the  r a t e r  
f r o n t  driven wsl le  which encounter bedrock 
a t  a depth af 4 0  (6) It, have proved to field 
braakleh rrrrter, 

h e r e  i s  a well a t  Submarine Camp, about 
2 miles up (west) Snake River on the  south 



?snit and almost a mllb l a l e n d  from the a e e .  It la t h e  opinion of tae loml  reaidante,  
IPhls d r i l l e d  wel l  paaaes through the slluvium ahared by the wri ter ,  that,  baoeuae the lagoon 
a t  about 30 ft and water l a  developed Pmm i e  4 f t  higher than t h e  bay h e l d  a t  that 
bedrock below that depth. The well flows level  by the gs~tea a t  Lto o u t l e t )  and because 
about half a gal lon a mlnuto e t  the 8urf&0ee the  s p i t  i s  made up a n t l r e l ~  o f  gravel,  t he  
The chloride content of thLs m t 8 r  i s  about ground water a t  Te l l e r  in l q o o n  water drain- 
3,600 ppm ( table  2 ) .  ing toward the bay. 

It eeems t ha t  here, es i n  Pelmer b ~ a c k -  
ish r a t e r  is trapped i n  the bedrock f i s su res ;  
na tu ra l  seaward p e r a o b t i o n  of frseh m t e r  
f r o m  the  h i l l s  has not been eufflotent t o  
flueh out the  a a l t  water that ha3 entered the 
f o ~ m a t i o n  a t  eome p r e a o u r  hiCgher stand of t h e  
EBB I 

The alluvium of t h  p la in  on whioh Rome 
Is b u i l t  i s  not  very permeable an8 much of i t  
Is frozen t o  be8rock. Hovaver, I t  a s m s  
spparent tha t ,  i f  a mwlicc(ga3 supply were t o  
be developed, a properly conetructad w6ll I n  
the younger, highly pennoable u n f r o z e n  ellu- 
vium i n  t h e  bed of nearby D r g  Creek ehould 
y ie ld  an ample supply of water .  The d i s t r ibu -  
t i a n  of such a supply dur ln  the cold months 
thmugh pipes l a i d  i n  f r o s t  would present 
an engineering and eoonomla problam, however, 
r e q u i ~ i n g  r e a l  e f f o r t  i n  its solut ion.  

Te l l e r  

Te l l e r  l i e a  on 8 narrow s p i t  t h a t  exbends 
nortllward, separating oran t ly  Harbor on t h e  
e a s t  from Port Chmnoe on Che west .  Port 
Clarence i a  p a r t i a l l y  aseprated from t h e  
Berlng Sea by the long, a u r v i w  epit on which 
Point  Spencer is situated. T e l l e r  Sa 62 
milsa north-northwest of Nome and 83 mile8 
east-southeast of the  1nternationaL boundary 
a t  the Momede I alande , 

T e l l e r  ha8 a popule t ion  of 126, a h o a t  
a l l  E a k h o ~ .  Some of the v l l l e  gers  rind work 
Ln t h e  nearby tin mines, eome f l e h  t o r  seal 
o r  salmon, and some t r ap .  Much ivory  carving 
I s  done. 

The v i l l a g e  l a  served by boa t  aamioe  
f r o m  Borne. 

T e l l e r  was v i a i  ted on February 25, 1949. 

To~onraphv md --Teller  l i e s  on 
a very  narrow gravel  tending northward 
i n t o  Grantly IIarbor; t o  the  eee t  3.8 open water 
and on t he  west i r r  a narrow, shellom freeh- 
water lagoon a e p r a t i n g  t h e  Teller s p i t  from 
the larger  s p i t  of whloh it i e  (I p e r t *  The 
lagoon extends baak (eouth) t o  8 spdng-fed 
laka  and i s  generally f resh .  A dam a t  the 
o u t l e t  of the lagoon maintains Che h g ~ n  
l e v e l  about 4 f t  obove aen level .  Bowever, 
t he  lagoon and, i n  f o o t ,  t h e  whole vilLage of 
T e l l e r  i s  subject  t o  rsaurrent  flooding and 
s a l t - n a t e r  inundation. 

Water supp1z.--There are  several dug 
wella and one di-iven well  i n  Tel ler .  1Phe 
2-inch driven well  a t  trhe dchool l a  about 20 
ft deep; the depth ko m t e r  below the ground 
~ u r f a c e  is about 12 f t .  A Uu wel l  a t  the 
T e l l e r  CanrmerclaL CO,  has a skmilar depth and 
water l eve l .  Tnb meter 18 not used f o r  drink- 
ing because of a a n l t r r y  oonsideratlone and 
because it baa bean salty slnoe a uurlne 
inmda t ion  agne yeara ego. 

Water for drinking ie taken f r o m  t he  
spring at t he  lake  i n  buahper and from i c e  on 
the lake  i n  winter. Cieterna a h 0  a r e  used 
i n  m r .  

Although ground water le ova l l eb le  be- 
neath  the  v i l lage ,  the p r o b e b l l l t y  of san i t a ry  
po l lu t ion  and aalt-water aontam1ast;ion i s  much 
t h a t  t h i a  sourc6 1s consLder8d undesirable 
f o r  a m n i c i p a l  supoly. It 18 tho w r i t e r ' s  
oplnioz~ t h a t  ground m t e r  aould be sought on 
the ridge weat of the v i l l age ,  noroes the 
narrow lagoon. There pe rmfroa t  I 8  present, 
but it mey not be very Ehlok, The h i l l  I s  
mantled with old beaoh deposit8 t h a t  may 
extend below the pemar ros t ,  and t he  acqui- 
s i t i o n  of a small aomm~lity eupply may not 
be d i f i i o u l t .  A short  pipeline, about 550 
f t  long, might be a l l  Chat i a  necessary t o  
br?Lng t he  water t o  t b e  vi l lage.  

It w u l d  be goaalble to  bring water from 
the spring a t  the head o f  the lake ,  , h t  t he  
expense involved might mRke such  a plan 
impract ica l .  A pipel ine  l a l d  bmePth t he  lake 
and lagoon (khe ksgoon 3.8~61 laigbt be lowered 
temporari ly t o  pemlt ditahlng below freezing 
l e v e l )  might eliminate t he  freesing problem 
e n t i ~ ~ e l y ,  but the  length of the p i  geline,  
about 3 milee, would s t i l l  make the p ro jec t  
expasf ve . 

Xotesbue l i e s  fat  the northvast  t i p  of 
Baldwin Penlneula, about 32 milea nor th  of 
the Arct ic  CireLe m d  283 mlles nor theas t  of 
Name. Hotham Inlet, P bay receiving t he  drain- 
age lrom two major TIvBT~, the Noetak and the 
Kobuk, ae well ae the smaller  S e l a w l k  Rlver, 
l l e a  t o  the  eant of KoCeebue. Kotzebue Bound 
on the west open6 d i r o c t l y  i n t o  the Chukchi 
Sea. Kotzebue 1taeLr i s  on e narrow a p i t ,  
about b l f  a mile wide, and i s  eegerated f m m  
the main mass of the Bal-dwin Peninsula t o  the  
east by a lagoon. 

There a re  about 626 people a t  Xotsebue, 
including the hoe pttal  pe raonnel and patient6 . 
Of this t o t a l ,  about ?S persona ere  white, t h e  
remainder being gakimoe. Kot;aebue ie en 
Important center  of Arotlc activity; mil  is 
dispatched in sevel.81 di mc t ioab (one route  
served by dog team La r lnt t r r) j  suppl ies  a r e  
furnished f o r  towns s long t h e  Arctic Coaet 
and up t h e  thme riverls drelning i n t o  Hothem 
In le t .  Many fid work In  the four  major 
placer gold f i e l d s  in t he  out ly ing country. 
Othera f i ah ,  hunt 8461, wslrus,  and polar  
bear, o r  t r a p  Land anLmLs. Conelderable 
ivory carol 18 done i n  the area. Under 
care of the?sdernl O o v e m e n t  a hard of 
1,600 re indeer  are  grated rrlthln 100 milee of 
Kotzebue. The v i l l a g e  18 also a medical 
center  by v l r tue  o f  the Alaska Natlve Service 
hospital of 20 bede, bo wkich a 24-bed 
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tuberculosis unit i s  about to be added. The 
importonce of Koteebue a8 a tradlng center i s  
seen i n  the  f ac t  t h a t  during the eummer aa 
many a8 1,000 Bakimoa frm dis tan t  vi l lages 
a r e  camped on the beach. 

The area i s  served by one or two v i a i t s  
each sunnner by a conrmerclal s-team vessel, by 
two v i s i t a  per s m e r  by an Alaaka Native 
Service vessel, a d  by boat aemice twioe a 
month t o  Home in  the June-September period. 

Touoara~hr end mom.--3Soteebue l i e s  
on a narmw finger or s p f t  on the northwest 
end'of the Baldwin Peninsula, The area, in- 
cluding the whole north end of the peninsula, 
l a  Plat and riaee t o  not more than 30 or 40 
ft above aea lavel. The peninsula a s  a whole 
eppeera t o  be & remnant of n once more exten- 
sive coastal plain now dissected by erosion. 
The ap l t  on vhlch the vi l lage i s  aituated is 
probably composed of aand and gravel recently 
throm up by the  sea but amwhat  older 
coastal-plain depoelta l i e  a t  ahallow depth 
beneazh the Recent aandy aedlmenta. 

Water a u ~ u l ~ . - -  During the long winters 
about 90 percent of t he  uatsr uaad by the 
v i l lagers  I s  melted anov and I c e .  All the 
drinking water i e  obtained In that  way. In 
the summer aome water f e caught in  c i  s terns  
and'a l i t t l e  is  obtained h u m  the dug 
wella i n  the vfllage, but m o s t  of the water 
is  brmght ia by dog team from nearby small 
creeks. 

The Civil Aeroneutics Authority atatton 
baa a well 55 ft deep, but i t  is  subject t o  
freezing from Beptember t o  Aprll .  The water 
in th le  well l a  said to  be hard In  the aumrner 
but eoft  i n  the  winter. 

The hoapital ha8 a dug well 30 ft deep 
under the building which occupies a recently 
thawed area In the pemaIroet. The depth t o  
water is about 10 ft below the surface. This 
well raa pumped a t  a rate  of 200 gpo for 24 
hr, dur3ng which t h e  the  water l eve l  declined 
3 ft In the f i r s t  b u r  and 1h In. far ther  In 
the next Z3 hc. Tbis muld indicate that 
much more water warr discharged than tha amount 
available from a small thawed area under the 
hoapltal, and It would appear tha t  = t a r  per- 
colated i n to  the area f r e m  a thawed zone 
between the  winter f ro s t  and tti6 pemnaiYost. 

Water from the hoapital well i s  excesaive- 
l y  hard but does not appear t o  contain much 
Iron. Hcwever, the h rdnes s  i s  such t h ~ t  hot- 
water l ine8 become clogged with l i a e  in  less 
than a month and a softener has been instal led.  
Condeneate f M m  the steam mdiatora is uaed 
for drinking. 

Shallow-well i n s t a l h  tiona t h a w  a small 
area of permansntly frozen grad extending 
out from the well and perhapa beyond the 
heated buildings in which they are located. 
Theee thawed area8 a re  led  from the water 
lying above the permefroat, and continuoue re- 
&arge oceure i n  the sumer  months. Bowever, 
i n  the colder mnthe the recharge L a  smaller 
8s winter Proet deacenda and narmea the zana 
of fie8 water, and the water levels  i n  the 
well8 decline. Boaever, early in  the spring 
the water level  rises sharply, perhapa a s  

much a s  0 ol' 10 f t ,  overnlgbt. This l a  i n -  
terpreted t o  indicate tha t  i n  the very ea r ly  
sprfng the downward progress of winter f m e t  
has reveraed, a percolation channel i r  even- 
tually opened by thewing, and confined rclber-- 
mder preswre betweem the winter f ros t  and 
permafrost--li terally gushes in to  the well. 

The aancept of winter water undsr presaure 
1s borne out by en incident related by Arthur 
Flat of the  A h a k a  Elative Service. A few 
years ago a native family e ~ e c t s d  a sod houee 
on the f l a t  tundra in  back of the v i l lage  but 
was forced to  move i n  midwinter *en wrtep 
came up through the f loor  and floade4 them 
out. 'Phe thawed surface under the dwelling 
acted as a vert lcal  conduit for  r a t e r  o u a r -  
wise trapped betweem winter froet  and perwl- 
frost. 

The occurrence %a a paral le l  dim the 
ic ing o f  a domicile shorn in  "Permsirost or  
permanantly fmeen ground and related e ineer- 
iw p m b l e m a ~ u l l e r ,  1845, f ig .  41) .  ?%oaL- 
Zy f ree  mater i s  trapped between the p e b a -  
f ro s t  and winter f roa t ,  The winter f ros t  
tends t o  grow downward and in  place8 r l n t e r  
f ros t  merges with the permafrost and 
water is forced away lateral ly .  I n  plaaee 
the  f ree water becomes l lpo~keted,n and i f  L t  
does not freeze, being under pe s su re  it m y  
bulge up the aurface t o  form froet  mound8, 
such aa those observed i n  the valley of the 
Noatalc mvsr to  the north. Mere the  winter 
f roat  seal  i e  thawed, as I n  the case of the 
Koteebue dwelling mentioned, water Is foroed 
upward. I n  early spring, channels t o  these 
trapped pocketa t h a w  out  and wells f i l l  reoid- 
IY. 

Deep t ea t  drillin&.--In the eummem O f  
1949-50 a tes t  hole wes dr i l l ed  ne&r the 
Alaska Native Service hospi tal  to  determine 
the  presence o r  ebaence of fresh weter st 
depth. Although beset with many rnechan l e a l  
and other d i i f lcu l t ies ,  a cssed 6-Inch hole 
was f i na l l y  dr i l l ed  t o  a depth of 325 ft. 

The resul ts  of d r i l l i ng  may be sunmArlaed 
as  follows: Gravel extended to a depth of 23 
f t ,  below which blue mud artended t o  79 f t .  
Between 79 and 83 f t  thawed gravel was en- 
counterad from'whlch s a l t  water was obtained. 
Between 89 and 238 ft the section penetrated 
was largely frozen blue clay or  mud, becoming 
incraaeingly sandy and bouldery with depth. 
A t  238 Pt a pa01 of gas under high pressurn 
wee eneomtemd that  lifted the heavy s t r ing  
of d r i l l  tools several feet  in  th8 a i r ,  
showered the imuediate erea wlth mud partlolee, 
arrd continued t o  a m i t  g a s  a t  decreasing 
preaaura fo r  more than 24 h r ,  The thawed 
grwnd below 258 f t  graded into bmm ailt 
that continued t o  325 f t  w-lthout ahangs. 
The thawed silt was saturated with s a l t y  
water. 

I t  a p p a r s  then, that  circulation of 
water from highiand areas t o  the east and 
north haa been insuffl  cient t o  iluah out tho 
s a l t  waber with which the sediments were 
aetupated, and-deep dlr l l l iqp  would tap only 
s a l t i e r  water.. For:this and other reasons, 
the  well was dLscontLnued a t  326 f t .  



S U M M Y  OF OROUND-WATER DBVELZIOPMCNT I N  ALASKA, 1950 

!&)$a& wate~ ebove ~e-.--It seema 
possible tba t  something might be done t o  
acquire  e shallow water supply freo fmm con- 
tamintltion of the various kirnls aomonly 
presont . 

An extenelon o f  the  preaent shailow-well 
system6 i n  a protected area mLght be made on 
a l a r ~ e  acale, buG without special  measuree 
such wel ls  would have very low ylelda in t h e  
winter. 

The wri ter  believes an SmCal la t lon  
embodying the following atepa would be well  

' 

wororth t r v i n ~ .  

1. P oection of tundra a t  l e a s t  100 by 
200 f t ,  but p t r f e reb ly  larger, be e t r ipped 
of i t s  heavy moss cover i n  order  tha t  melt- 
ing of the upper part of the  germafroet may 
ooour by na tu ra l  means i n  the eummer. 

2. Natu~al melting be augmented by 
pmping rater  onto t h e  a t r tpped area f m . n  
nearby wan ponds (the ammer temperature i n  
theaa ponds i e  In excesa of 00 F et times). 

3.  Natural melt lng may be promoted by 
excavating t h e  strtppecl areti t o  tibe water 
tablo,  9 o r  water o r  sa tura ted  aand w i l l  t rana- 
m l t  (abeo rb)  heat  rapidly,  I n  cornpar-i.aon t o  
dry ground (Mulle r, 1945, p , 2 4 )  . 

4. Me1Cing m y  be promoted eleo b y  pump- 
ing out  of the area In te rmi t t en t ly  Prom 
sevbreX well8 dug i n  t h e  s t r ipped area,  there- 
by insur ing thorough oTrculatian and e f fec t ive  
ac t ion  of Me warn water above the pennafroeh. 

9. With the advent of  aolder  weather the 
s t r ipped  aree  would have t o  be protected,  a8 
t he  heat t r anemiaa lb i l i t y  of froeen ground i B  
g r e e t  (YulLer, 1946, p. 53).  b y  gravel  Pill 
should 'be added t o  bring the  bottom of the 
excavation a foot  o r  two above the  wnter 
level. I n  eny event an adequate snow oover 
should be promoted by conatmctlng snow 
fenoao o r  by o ther  mans. 

6 .  Pumping i n  the f a l l  then no recharge 
is taking p h c e  w i l l  1ow.e~ the water table  
and hence leasen the possible thiolmema of 
froeen aatusated ground r e s u l t l o g  from w i n t e r ' s  
I ~ o e t ,  thereby l o re r ing  heat  loseas somewhat. 

7. Lateral  mlgzvrtlon from adjacent 
area% should ooour through a t  l e a s t  a raw 
restricted c h m e l e  along t h e  p e r h a t e r  of 
tne e t r lpped aree a l l  winter long IS free 
antes occurs genera l ly  between the p e m -  
f m e t  and minter f r o s t ,  as suggested above. 
The extent  that euch recharge occur8 ail1 
de tarmine the extent t o  which this plan would 
be 8uccss.sful a s  a modarate aourae of supply 
in  the  January-March perl od. 

A dug well 3 f t  deep along the  g rave l ly  
beach, a w ~ y  from usua l  aouroea of contamina- 
t ion,  sugpl les  a l i t t l e  drinking water i n  the 
wanner month.  A somewhat deeper dug wel l  on 
higher grormd nb the school. y i e lds  a dia-  
colored "tundraP water. 

Gonaideri.ng the  l a t i t u d e  and prevalenae 
of permafroat, i t  seeme unlikely that much 
can be dons bere,  t o  lncreaae the  mound-water 
mapply. However, t h e  schoolhouse w e l l  might 
be dsveloged to supply moF8 water than at 
preeent f o r  aome domeetlo ueea. 

Oround-woter supplies have been axplol tea  
t o  a minimum extent ,  o r  have not been exploi t -  
edat  a l l ,  i n  moat places i n  Alaska. Fxcep- 
t lona to  the generalisat ion exl st ,  however, 
Fairbanks and Palmar being the  moat outstand- 
ing. I n  near ly  a l l  o the r  areas ,  ava i l ab le  
auppliee have not been f u l l y  exploi ted  o r  
axplared f o r  many re.a8ons, met of them per-. 
f ac t ly  adequate. The most important maaone 
w',g well-water nuppllea have not been develop- 
ed are: 

1. Leok of facilities f o r  drilling 
wells. T h i 8  f a c t o r  may be aonsidered i n  two 
rays-- (a) physi ml sbsence of um t e r i a l s ,  
equlpment, and ek i l l ed  dr l l l ere  i n  moat 
l o c a l i t i e e  o r  (b) high coat of t m a p o r t i n g  
personnel and equipment. In  aome places t he  
neareat  sourae of any f a c i l i t l e e '  may be- hulld- 
reds of m i h a  &letant; t ranspor ta t ion  of ma- 
t e r i a l  and personnel t o  a speo l f l a  e i t e  may 
be d i  f f  i o u l t ,  time consuming, and exorb i t an t ly  
expensive, r e h t l v e  t o  the  value of a modest 
w e l l  i m t a l l e t i o n .  Lat ly ,  ( c )  even where 
well-cona.truction f a c i l i t i e s  e x l s t ,  ce r t a in  
type8 of Ins ta lLat ion a r e  t o o . e x ~ n a i v e  f o r  
moat individual& t o  consider. A number of 
welle 60  t o  'LOO f t  i n  depth have been d r i l l e d  
Ln Anchorage. The coat of auoh a well cannot 
be  m e t  by a l l  individudls deelrlng wella, and 
pmbably very Pew.people couUl eZfom2 wella 
of signifLcant3.y greater depth even If they 
wished t o  hnve them. I n  Palairbanka, on the  
o ther  hand r e l a t i v e l y  cheap drlven w e l l a  
can be ln8kalled 'and t he re  a r e  hundreds in o 
m a l l  area, 

2. h o k  of boala lge  of good potent ia le .  
Xn a few loaa1lt;lee where shortages e x l e t  or  
a r e  tmlnent ,  t he  possibility of  acquiring 
addftiLonal suppllea of water Prom t he  groufld 
a t  p rac t ioa l  ooat have not been oonsldered 
because of an almost ccmplete lack of know- 
ledge of water wel ls  and t h e i r  ch6rac te r i s t lo  
y ie lds .  This s i t u a t i o n  la  more typ i ca l  i n  
southaaatsrn Alndka then elsewhere i n  the 
Ter r i to ry .  

Another phage of this same f a a t o r  I s  t h e  
Point Hope lack o f - d e f l n i t e  guides t o  well aheracteria-  

t i c s  i n  a n y  area8 where the value of ground 
Point Elope i e  a sand soi , t  extand2ng meet- water l a  appreaiabed. Most indlviduale cannot 

~ a r d  i n t o  the Chukchl Sea of t;he A r a t . 4 ~  Ocean, and many a m a l l  aommunities cannot o r  w i l l  not  
about 155 milea northwest of h teebue. .  It i e  riak t h e  aoet of explowtion and, a8 an a l t e r -  
na t lve  vLlhga of perhapa 100 inlulbikents native,  they develop ex i s t ing  oe r t a in  
who l i v e  by f i shing and h m t i a g .  ' aurface-w&ber ~ ~ g p l l e s  even though these  



sugplfee a r e  not canaidered p i - t i c u h r l y  
des i lgb l s .  

3 .  Lack of knorladge of w e l l - d r l l l l w  
teokmiques, p a r t i c u b r l y  the  1,188 of screen8 
Jn f i n e  eande, e i t h e r  as drlve-point 8oFeena 
on amall-dlemeter rella o r  l a r  er-d.tameter 
t u b u l a r  ecreen8 I n  deep d r l l l e t  loella. 
There a r e  undoubtedly many amal l  v i l l a g e s  
along the Yukon Rtver where cheap home-made 
well8 oould be oolaple ted  by us ing aareeoa 
Where ooarae sand and gravel ape laakbg .  In 
o the r  areas such se  Palmer and Anchorage, 
l a r g e r  s u p p i l e s  aould be developed Barn 
e r i e t i n g  dri l lad wells by u t i l i z i n g  modern 
0 c reem.  

4. Qravlty-f ed eurfaoe-water auppltes .-- 
.&ream suppllee have been u t i l l e e d  i n  many 
plaoee t o  good advantage. Elsewhere, gravi t y 
s u p p l i e s  have been developed a t  f a i r l y  higb 
ooet snd have obtained small, undependable 
q u m t i t i e e  o f  meter of poor sanitary qua l i t y .  
S t  eeeme obvioua that in some p h c e a  the da- 
a l r a b l l i t y  of nn tu ra l ly  f l l t e r e d  and pmteotbd 
ground-mter supplies,  t h e  ooat of pumping 
lvbi ch i s  moderate, should be considered more 
cl,oaelg before  tens and even hundreds o f  
thouaanrls of d o l l a r s  a r e  committed t o  long 
glpol ine  i n s t a l l a t l o n e  obtaining water trom 
dl s t a n t  streams. 

5. h o s t  and pemalrost.--In the  far 
nor th  ground-rater s u p p l l e ~  may be ur r~va i l ab l s  
beaeuee psnnafrost extends &om t he  aurfaos 
t o  great d e p t b .  Hore ommonly, In t he  more 
s e t t l e d  northerly aream, permafroat may be 
lee8 than 200 f t  t h i ck  but may extend t o  
within Znahaa of  the surfaoe, and hers r e l a -  
t l v e l y  ~ l m  cheaply construoted well8 cennot 
be uesd, though ample -tar may be available 
from moderate depth. 
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$lsewhere in area8 af dfecontinuoua 
pemaf  %8t, ample vuater mag bs aval lable  f ran 
ehes;l .swldw well* fn thawed',amas but the 
d i f f i c u l t y  &d expenee of mahta&ning thawed 
pipeline& i n  pbmanently froben pound or  

ground subjected to deep winter.*st (where 
l ine8 cannot ha r ead i ly  buried k a  d propar 
depth) a m  p m h l b i t l v s .  Conaida~&"n m u t  
alao be &van t o  t h e  freezing of '&$% w e l l 8  
themaelves and t h e  freeelng of amall-diameter 
linen ax tend iw from the nalns  t o  t h e  con- 
sumer. 

8 .  Tmaditlon.--May tndividuels  have 
l ived i n  Ahaka all t h e i r  l i v e s  o r  for m y  
yeare, g e t t i n g  along ae best  they could on 
emall, inadequate suppllee of water. The 
urge t,o ocquiro ample mppl i e s  of water i a  
probably no t  as g r e a t  here aa i n  areaa h e r e  
much ,of t he  population regaFde a n  eaeen t i a l ly  
llmlt$.esa supply of water as an absolute 
nsce38lty.  

Evaluating these f ac to r s ,  it ae-a l i k e l y  
that graund-water developments are as meager 
me they are l a r g e l y  baoauae of th8 expense of 
obtelntng, or nonevai labi l l ty  of, facilities. 
t o  oon8truct wells end because of expense or 
maintaining d l s t d b u t i ~ n  l i n e s  i n  a cold 
climate. La& o f  a p p ~ e c i a t i o n  of grolmd- 
watar po ten t i a l s  o r  la& of bowledge OP date 
i n  e@eciric locelLt lee  has been a larga fac- 
t o r  i n  many amaa. Uck of knowbdge regard- 
ing s p e c i f i c  l o d l t i e a  wl11 continue t o  be 
sn important economio fac to r  i n  the d e v e l o b  
mnt of ground-water supplise,  and it 
all1 be a l l e v i a t e d  i n  p a r t  as d r i l l i n g  by 
privats,  m u d  o i p a l  and governmentel agenciea 
I s  done f r o m  tlme t o  time i n  v a r l o u  l oca l i -  
t i e s  . 
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