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Introduction 

A previous investigation of the Pilgri. Springs geothermal system 

by Geophysical Institute personnel (Osterkamp, et .1., 1980) suggests 

the presence of a hot water aqu'fer under the Ptlgr;~ River adjlcent to 

. the Pilgrim Springs and extending some distlnce downstream. The evidence 
. . 

for the presence of this aquifer is indirect and ctrt~$tantial. 

Pflgrim Springs is situated in In are. of continUDus pe~frost approxi

~tely 100 m In t~iekness (Wescott, at .1 •• 1980) with a thawed ground 

area of about 1·3 kM2• There is a small surface discharge of -4.2 x 

10.3 • 3 s·l (Harrison and Hawkins. 1980). landsat imagery of the general 

area shows an unusuallY 1.rge n •• r of ic;;ings and open wlter are.s 

along the Pflgr1mR1ver during the winter se.son. This evidence suggests 

the presence of an underground discharge of hot water from Pilgrim 

Sprfngs. Since the permafrost in the area is thought to be continuous 

the IIOst 1 fkely location for this hot water aquifer is in the thaw bulbs 

.ss~i.ted w;th the Pilgri. River and/or the Slal1 surface dfS~harge 

Itralll fl"OlR ,Pngri. Springs. Data gathered during the sLl'tl'mer of 1919 

show that there is an increase in wlter temperature of the Pilgrim River 

near Pilgrim Springs of -l.S·C and .n tncrtl'! in the .1t(trical conductivity 

of the river water of -4.2 uS-cm·1• Assuming a river discharge of SO.' 
s·1. the water tE!rGperlturl incrtu! requfres I heat input of -300 .... to 

the river (Osterkamp et .1 •• 1980). This temPerature increase would 

also require an influx of -1 .3 $.1 of 78-C water. However. the con

ductivity increase requires an influx of a few hundredths m3s·
' 

of 5-10 

1.s-=-1 water which would increase th1! WGter taper8tur~ only ilO.05°C. 

ConseQijently. WI concluded that there ~st be a .ubstintial helt transfer 

from a hot water aquifer to the river bed with vlry little leaKage of 
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bot water into the river. Evidence for the presence of this hot water 

aquifer also exists in the geophysical (electrical reSistivity) measurements 

of Wescott. et .1 •• 1980. The imP2itance of this potential hot water 

aquifer is thatJ 1f ft e~'stSt then the Pilgrim Serings system must be 

~elativelY large with the Iceess1b1e .power approaching 500 MW. If the .. 
aguifer does not exist. then the accessible ~r would probably be les~ 

than 1/10 this value. 

Our prevfous research suggests that. if the hot water aquifer 

exists, then the temperature in the river bed must inerease with depth 

by several ·C per .eter. This report describes temperature profile, 

measured in the river bed as well as other measurements .ade during 

March. 19aO to confiMm the presence or absente of I hot water aquifer 

under the Pilgrim Riv.r. These'measurements were .. de by drilltftg holes 

in the river ice through which water samples were obtain.d. Pipe for 

measurfng temperature profiles was driven into the rf~er bed by'the 

methods discussed in Osterkamp et .1 •• (1980). Three sites labeled W. 

X, and Y and a shallow lake shown in Figure 1 Were investigated. Three 

holes were drilled It Wend Y, two It X end tWD at the lake. 

Electrical Conductivity Measurements / 

The electrical conductivity measurements are summarized in Tab1e 1. 

These conductivity v.'ues have been used to estimate the mass flux of 

saline water from the hot water aquifer into the river through its bed. 

The river width was .stimattd to be -1, • with a Mean flow depth, from 

Measurements at site W, of 52.4 01. Flow velocity was aeasured with I 

PI~ current meter at 0.25 m_s-1• Thisl values imp11 a river discharge 

of -2.4 ,.3"'5-1• about 51 of the est;mated SLMnef discharge. The NSS 

flux required to produce the observed inerease in electrical conductivity 

.... "'P"""-~---........ ---------------........... . .4 - • 
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Table 1. Electrica' conductivity values fDr water samples obtained 
from the Pilgrim River and lake at the locations shown in 
Figure 1. The values are .n average of measur~,nts on three 
samples obtained in Ilch hole. Units are uS~cm • 

Hol. 1 
.' 
Hole 2 

Hole 3 

Average 

'. 
'. 

.. 
264_6 

" 

269.8 

27t.4 

268 .. 6 

:I 

Sites 
y X Lake 

306.7 3t6.9 581.1 

311.5 335.7 550.2 

351.5 

323.2 326.3 



values between sites Wand X (upstream • downstream) is • 0.01 • 0.03 

.3.5-1. A mass flux of 0.02 - 0.05 m3.s~1 was estimated f~ the 

measurements made durfng the summeraf 1979. 

These me.surements and calculations canff~ that there is little 

saline wlter intrusion fntothe riYer and that both winter and su~r 

~)ow reg1~ts Ire ch.racterfzed by I mass flux of saline water on the 

"order af 0.05 .3·s-1 Or less over the length of rtver studied (site 

Y to X). 

----

Table 1 shows what .ppea~ to be transverse gradtents In conductivity 

b~tween the near and far shores of the rher (with re'Pltt to the Pilgrim 

Springs). A tentative eKPlanatfon far these gradients is thlt the mass 

flux of s.line water into the river comes primarily from the near shore 

(southern) side of the river (i.e. the SaMe side as Pflgrim Springs). 

However, all of the study sites shown in Figure 1 are on the near side 

of riYer laops opening to the north. As a rtsult. the sfmflarities in 

hyd~ologic conditions may be responsible for the gradients r«ther than 

the directional characterfstics of the tnflowing saline water. 

Electrical conductfvity measurement' were .1so made on wlter slmpl" 

obtafned from 2 holes in the small lake shown in Figure 1. These con- , 
/ 

ducttYf~ values, 550.2 Ind 581.1 uS-cm-1 •• re very high when compared 

to values for the rive~ water •• 125-130 pS-cm-1• However, our cal· 

eulations show thlt these hfgh eonductiyftl vllues May be entirely 

attributable to rej.ction of tmpuritfe$ froM the. lake fee during the 

winter fce cover fonnation and growth. 

Temperature Measurements 

Temperature profiles in the river bed are shown tn Figures 2t 3 and 

4 and in the like fn Figure 5 (note cMnges in scale). Tht Wirmest 

4 



- --- - - -- -----:----

tesDperature. tDenured at .• tte Y. WIS +14-C It the 5 .. depth In hOle 3. 

In general. temperatures were warmest on the ntar (south) side of the 

rtver again suggesting that the hot water aquifer ~y be located on that 

s1de. The coolest temperatures were ~Iasured at stte X, the farthest 

point downstream. where they did not exceed +2-C. These relatively warm 

temperatures and high temperature gradients suggest heating of the river 

bed from below. probably. by the proposed hOt water aquifer. At SOMe of 

the locations,particularly Itte Y hole 3. the observed temperature 

valuls and curvature 1uggest • verticil flow of ground water, .s dfs

cussed in our earl fer report. For exarnpl., the Site Y hole 3 profile 

shown 1n an expanded selle in Figure 6 suggests a vlrtical water velocfty 

of • 4 • a- l with the f10w directed toward the river bed. The temperature' 

profile in the lake bed .'50 suggests strong vertical transport th.re~ 

TlC11plrltures measured .t site X are probably near -nonnal" and do not 

refleet the presence of • hot water aquffer It depth. 

Ice Th1ekness Measurements 

Measurements of fce thickness w.re made at .11 hOles and .re graphed 

in Figure 7 .s a function of temperlture .t the 2 1/2 or 3 1/2 III depth, 

in the river bed. Apparently. there is an inverse relationshfp that 

hOlds between river tce thickness Ind temperature at depth but not for 

lake tce thickness. It is suggested that the decrease in ice thickness 

with increasing river bed temptraturtat depth aay be CIUSed by vertical 

hiit flux to tM ice cover.. An approxiMte fit to the data fs giyen by 

h- 45 lit Cn.6 
E-f b--.O"". _1~1'IiIl"" 

(1) 

where n is the ice thidMSS and Tb is the teatperature at depth. A 

.1~le MOdel of conductive heat transfer through the fce .nd convective 

tiNt transfer through the river bed shows thlt 



or 

.. It T 
h • s 

H Tb 

(2) 

(3) 

.where k is the thermal condllctivity of iCI. Ts is surface temperature of 

the ice, and H is • heat transfer coefficient. EquatiDn 3 is si.il" 1n 

fOnl to the empirical equation 1 and. furthenoore. it Ippears that H may 

be a weak function of h. 

The variation in the ice cover thickness fram one location to 

another suggests that the heat flux from the river bed is being utflized 

in maintaining a relatively thin ice cover. We expect that the greater 

portion of the 300 MW of energy fnput to the river from the hot water 

aquff.r serves to wan. the river water during summer and to deertase the 

fce thickness end warm the thaw bulb during winter. 

Aerial Observations -
Several •• rial photogr.phs using hand-held 35 ~ camerl5 were made 

of thl PUgrill Springs .rel. The area, of thawed ground where the snow 

cover his melted off are clearly identifiable tn these photographs. It 
/ 

. is suggested that. photographic study conducted during late winter 

could be used to identify the local -hot spots· within the thawed lrea. 
I 

These Rhot spots~ would probably be the best locations for obtaining hot 

.~ater from shallow depths during developmental drflling. 

I 

temperature profnls Measured in the bed of the Pilgrim River show 

a strong heat influx from depth at 2 of 3 s1 tes. Curvature in these 

profiles suggests that the heat transport through the river bed is by 

convective motion of thi pore water. Tn. temperatures on the ntar side 
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(south) ~f the ~tve~ (relative to Pilgrim Springs) are ~hat warmer. 

Electrical condutt1vity measurements of the river water shOw that the 

increase In conductivity cln be accounted for by I flow of saline water 

on the arder of 0.05.3•5• 1 or lass from a hot, saline water aquifer at 

depth. This flow 11 not sufficient to heat the river water IftOre thin a ... - ... 
few tenths ·e. 

These results .re eons1stent with the presence of I hot. saline 

water ,qUifer It some depth. perhaps 10-15 11 under the river. Our 

present thinking il that this aquifer consists of a hot. saline ground-

. water discharge from the Pilg~i. Springs hYdrothermal system. It appears 

to be overlain by an tmper~ious cap and to be about S5 11 in thickness. 

Heat fro. this aquifer appears to be transferred to the river water 

prf.arily by convection of pore water in the river bed above the impervious 

cap. The presence of this aquiflr imp"'s that the aceess1ble resource . 
base of the Pilgrim Springs system may bI On the order of 500 Mf, as 

previously suggested by Osterkamp et 11., (1980). 

~estfons and Need for Additional Research 

We believe we hive established the presence of • hot water .qu~er 

under the P11grfm River. Some .ddftfon.' questions .nd needs to be 

addressed by future research are: 

1. Are the Pilgrim Springs and PilgrfM River aquifers connected? 

If SOt what is the direction and vol .. of flow? We note that 

it is possible that the Pilgr-hl River is heated by deep hot 

water sources ratntr than b1 flow from the Pilgrim Springs. 

~ditfonal tempera.ture. conductivity Ind geophysical measure .. 

.ents eKtending both upstrllUl lind downstreilil would be requi red 
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to In~wer these quest1ons. A related QUestion is why are 

the Xl and X2 tempera~re profiles substantially colder 
. , 

thin the W or Y profiles? 

2. Aerial photography clearly delineates the hot ground areas. 

A systematic study using le~i.l photogrlp~ to deffne are.s where 

hot water may be found at shallow depths should bt! carried out. 

If this is not pOSSible, than • sh.llow magnetic induction 

survey should be carr11d out over a small grid spacfngfor 

the purpose of defining these shallow hot water areas. 

3. A study of the groundwater hydrology in the Pflgrim Springs 

thawed area and in the Pilgrfm Rfver and nearby l.kes should 

be carried out with • view toward deffning the routing .nd 

'low of WI til" to and from the thawed area • 

• 

J 
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l.ist of f'i9ur!~ .' 
figure 1. location map for the Pilgrim Spring$ area showing th! locations 

of sections W. Y and X on the Pilgri. liver and boreholes 

Ll and l2 in an adJactnt Jake+ 

Figure 2. Tf!liperature profiles VI, WZ. and W3 1IIH5ured at site W 

on t~e Pilgrim ~iver. 

Figure 3. Tanpera!:ure profiles Y1. Y2 ~nd Y3 Misured at 51te Y on 

the Pilgrim Rtver. 

Figure 4. Tetapel"ature p1"Ofl1esXl and 12 reasur~ at site I on the 

the Pilgri~ River. 

Ffgure 5. Temperature profile 1.1 Ifteasure<! in i like adjac"'"'t to the 

Pflgrim Riyer (see Fig. 1) • . 
figure 6. Measured tt!!m~rature profile Y3 c.ampa~ to calculated profiles 

with vertf~al water velat1ties 0' 2.S and S g a-1• 

'fgUr-e 7" Ice thic:kne55 c;c.pared to temperatures IIHsured it the 2.5 

Ind 3.5 m d!pths b~tow the Pilgri. River bed~ 
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Table 1. £tettr;tal cond~~tivity values for water $~ples obttined 

from th@ P11gr1. River at the locations shown fn Figure 1. 

The ",ll,les .re an average of lIeas.u~nti on thre! S4Mple$ 

obtained in each hole. Untts are p$_~-lr 
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June 30. 1980 

Mr. D. R. Markle 
Div. of Energy and Power 
Oeyelo~nt 

~pt. of Commerce and Economic 10:" ' 
.' Oevelopnent 
7th Floor MacKay Bldg. .. 
338 Denali St. • 
Anchorage. AK 99501 

I 

Dear Don: 

We are enclosing 2 copies of our report. "A preliminary investigation of L~ - I 
the possible existence of a hot Wlter aquifer under the Pilgrim River-. ~ ~ 
Our business office told me that I bill on tne RSA for funds expended 
through June 30. 1980 will follow soon. I do nDt anticipate anY excess 
funds. The water samples were shipped to the Chemical and Geological 
Analyses laboratories in Anchorage following Bob Burkett·5 direction. 
Burkett should know where the samples Ire currently located. 

We do not have any information which can tell US if the discharge under 
the Pi.lgrirn River is continuous. A hot and saline water aquifer appears 
to be present during winter and summer, but we have not even established 
that this aquifer comes from Pilgrim Springs. For example, it co~ld 
come from a separate deep water source. Alsoa th@ cool temperatures at 
site X may suggest S~ variability in the depth or location of the 
aquifer ors again, that the heating of the river is I result of separate 
sources. 8efore we can answer questions on the continuity of the system 
we will have to provide answers to the above questions and detennine the 
routing and flow of water In the system 1$ suggested b.)' our proposed 
water balance ~e' (P. 149 of the report). t also note that our estimate 
of the thawed ground could be off by a factor of 2 to 3 which WDuld hive 
an effect on the power 85timates. 

Obviously much more work needs to be done Dn the Pilgrim Springs system. 
We hope that it will be possible to~btain funding to do itt but note 
that our participation must be quite limited until such fund;ng becomes 
available. 

Sincerely, 

?~ 
Tom Osterkaq:t 
Professor of Physics and Geophysics 

~~ 
Jban Gosfnk 
Post Doctor.l Fellow 

TO/s~yticIl fNtituc.. C.T. &Ivey SUilding, Univt,.itv of AIHka. Fllrb.inkt. Nalok .. "701 

Enc:lo~re: 2 cop'flfr'DfJOKWW TIt.U: )54'. aEOPH 'NIT UK 

.. - .. 


