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which. has been used by residents, principally in the form of hot water for
space heating, at least since the turn of the century.  Approximately 400 -
shallow-depth wells ranging from 90 to 1,900 feet in depth are used to heat
approximately 500 structures. This utilization includes the heating of
residences, >chools, a college campus, businesses (including a creamery for-“v’
milk pa steurization), heating swimming pools and me]t1ng snow from pave- . -
ments. 1t is felt that only a small portion of the area 's potential is o
being utilized, with specu]ation that a hlgh temperature stream area ex1stsx_'~*
below the known shallow reservo1r o

i

ﬂe‘;vw“-,r, wh.eh ranges from 100°F to 230°F has been used d1rect1y

heat exchanger (]oca]]y termed a coil) with city water~ﬁ‘
“1uid. Even though at present only about one quarter of
thermal resource, investigations are being made into
the heating of Jarge apartment un1ts from a s1ng]e weT]
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? 1s, Oregon, is 1ocated on a Known Geothermal Resource Areaj -
§  and the residents have made use of the resource, princi-

?. ' -of hot water for space heating, at least since the turn

- ' of tne ’E?’u y The local use appears to be somewhat unique and is the e
4 most successful attempt at us1ng geotherma] hot water for space heat1ng inn
. the United States (Ref. 2).- ’ , e .

g

_ - It is estimated Lhat Klamath Fa11s has approx1mate1y 400 hot water
wells for space heating of approximately 500 structures. These include
single-family residences, several residences sharing a single well, apart--

ment houses, commerc1a1 bu11d1ngs, swimming poo]s, and for process ut111-
zation. _ A

et
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" HISTORICAL DEVELOPMENTS (Ref. 3)

R T rr T )

Surface hot springs and mud pots were present before the settlement
of Klamath Falls and had been used by Indians and sheepherders before the -
turn of the century. Five specific spring areas were known during this
time; the most noted ones were the "Big Springs" located in the present :
Modoc Field adjacent to the high school and "Devil's Teakettle" located in
the present Ponderosa field behind the City School Administration build- =~ =
1ngs Other locations were one on either side of Main Street in the vicin--
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‘ KYaﬂath Fa11s, Oregon, is 1ocated on a. qeothenna] hot springs area L
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ity of the present City‘swﬁmming pool and Klamath Medical Clinic and one .

"a swamp and excellent duck hunting area for many years. Today-these areas ,v’““

“temporary- res1dence for many transients. F1gure 1 g1ves the 1ocat1ons of

" loop down-hole
“water in the h:

hole heat e
minimum of

o+ O

erated curing of concrete, direct use in'a Taundry, and for heating swim- .7" '

: GEOLOGY (Ref 4 and 5)

.and 10 miles wide extending from Medicine Lake highland to the south to. the R

‘the east. Evidence of recent volcanic activity is shown by Mt. Lassen:to RTINS
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between Mills School and the railroad passenger depot.. The Tatter area was

are the Tocation of artesian or near surface artesian wells.  These natural. -
spring areas were used by residents for scalding hogs and poultry. and-as - ° i

the above areas.

f- the eastern portion of the c1ty of K]amath Fa]ls 1s
The principal heat extract1on system is the closed
xchanger (locally called a "coil" ) ut]1121ng“c1ty“,f
p:nqews . o . T .y; ]
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nt wells for res1dences vary between 90 and 900 feet :.a;fﬁiﬂ-‘w

Most of reser s :
300 Teet being most common. Commercial estab11shments AR
g a

0

in depth with
and schools, reguiring
1,800 feet wz** 1,000
from artesian {sur?
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greater heat output, increase the well depth to over ﬁ*V-""
7,300 feet common. .Depth to the water surface var1es
» 350 feet with 50 to 100 feet most common. Down--
nerally extend to near the we11 bottom w1th a-

ow the water surface.

ted along the middle of. Hi11side Avenue.

am that were encountered dur1ng the course .

pths (approximately 90 feet). Due to the’ h1qh

. area, grass and wildlife (frogs -and qua11) can .

ne location, a subtropical Mimosa tree is grow- -lij
these wells, thus the stream 1s used to heat o

kchangers. L
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Present uses of the hot water heat 1nc1ude res1dences, a]most a?] of
the city schools, Oregon Institute of Technology, a creamery (for heating
and milk pasteurizing), melting snow from a state highway pavement, keeping - _
a floor from freezing and frost heav1ng in a cold storage plant, accel- - - i

¥

ming pools. . Several 1ocat1ons make use of waste hot water d1scharged 1nto ;,Af
storm sewer lines. : : . S

The K1amath Falls KGRA is 1ocated near. the east s1de and center of A .
Klamath Basin, a northwesterly oriented graben approximately 50 miles. 1ong “ﬁf‘;.jﬁ

Crater Lake caldera to the north. The area is typical of the basin and.

range country of horst and graben structure located to the east, with Upper
Kiamath Lake being the largest body of water in this basin. _The area is. . o -
drained by the Klamath River to the south into California. The Cascade f?'* L
Mountains are Tocated to the immediate west and the high desert country to
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. that are slightly tilted and raised above the central portion of the graben."

deposits are-
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?Tthe south (erupted in ]914 1917) Mt Shasta (a comp051te vo?cano) _Cratér-
" Lake (formerly Mt. Mazama which erupted approximately 6,500 years ago), -and.
s "Lava Beds Nat1ona1 Monument (with lava f1ows as’ recent as 500 years ago)

: : The steeo1y d1po1ng norma1 fau]ts that form the graben have est1mated~
51.vert1ca1 movements of 1,600 feet with several of the fault-scarps be1ng ex«
- posed in the “as.n (i.e., Rattlesnake Point and Stukel Mountain) . The main

“hot water well.area is Tocated adjacent to- the fault scarp over fauTt blocks .

" The prxncwpa] gegliogic Tovrat1ons are-lava flows, volcanic breccia including
< lapilliy locaily iesxg iated "cinders", and extensive depos1ts of -lacustrine
~xdiatomite and tuffaceous siltstones and sandstone.. Many of. the above de-
#posits are 1n:erﬁ’x:e making divisions difficult to define. “A1l of.the-
sabove_are underlain by Lascfce lava flows of andesites and basa]ts. AT
’oc:ne or more recent ngures 2 and 3 111ustrate the qeo—

:,Tcﬁv of the arza.

. :In~generat,.the fracta*ed basalts and c1nders are hxghly porous be1nd1,
capped by a nearly i cus zone of diatomite and tuffaceous. sediments.: ‘
locz1ly cal {Tst on the 'geologic map) which varies from 30
1o 150 feet .~ In very localized areas (as.seen behind the
nevi ho -i:a «" has been. hydrotherwa]]y a1tered to various

Jlice 1ied ”hot sprans agates ' o L
nrxg1nates as seepabe from the. Cascades to the~'
west, h and in part as seepage from Upper Klamath ..

U'LaKe and the east. These latter two sources probab]y, K

~ contribute most of ih old water near the surface of the’ area. Two main- ..
. --geotherma1 res:“vlirs pnooari/ exist, a lower area with temperatures in-ex-
. ~cess of 250Q0F, neat and water being transferred by convection cells .to

" -the upper rESE!JLTr in the.form of steam and hot gases along .fault zones.
~ The upper reservoir has temperatures less than 250%F with the upper por- =
“tions of this zone being cooled by the downward seepage of cold ground water.:
‘Wells generally intercept the hot water in specific stratas of porous mater-
~ial (fractured basalts, andesites and cinders). Water generally flows. in .
-these layers and can be identified by the lack of drilling cuttings when -
- bailing a well. These layers can be from 2 to:-20 feet thick with imper--.
~ 'vious Tayers in between. The general circulation pattern in both the. upper

,':_ and Tower reservoirs is probably along fault zones vertically and porous TP
. -layers horizontally. No well drilling has encountered the lower- reservo1rs,7“

“thus its existence and the associated live steam can on]y be the subJect of
specu]at1on and 1nterest for future dr1111ng R

) The: permeab]e layers of hot water appear to be somewhat channe11zed
as in severa] cases a well drilled in the vicinity of several "good" we]]s
.-with active flowing zones, was unable to intercept these zones. -These: _
‘latter wells often have high rock temperatures; however, without the free'
~flowing water to provide an adequate transfer med1um, additional depth is

required to allow for added heat exchanger pipe length. These we11s are::
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known locally as "mud" wells. At one location a well over 1,000 feet deep .
was drilled within 250 feet of. one only 220 feet deep. .This. weII'was'essen—
t1aIIy dry, even after attempts to fracture the rock at the bottom w1th dry

- ice and epros1ve> e S

.DET LS OF THE UTILIZATION o

Aww Well Coneruct1on Character1st1cs

of the water-to cool. Cleaning was requ1red every eight to ten years,
casing iife was extremely short, estimated less than 15 years. Electroly- .

-

id feveIoa between the down- hoIe heat exchanger and the we]I bore be—'

: Most of the wells "in Klamath Falls are dr1IIed w1th cabIe tool dr1II—f
ng eguipment. FEarly wells were relatively shallow mainly because of the -
ocation in the better geothermal areas. Casing of these early wells was -
niy 4 nough to case off surface cold water and to prevent caving .near .
he The casing length was around 30 feet and in many cases only
/&8 inch wall thickness. As a result caving would often occur below the
zsing, filling in the lower portion of the well and causing the ‘tempera-

h et ) O = ok O —d

1 drilling practice is to stiII use cabIe driIIing rigs

drilling rigs to depths near expected live water flows

i the drilling with cable drilling tools. Drillers feel- -
; danger of sealing off the row of I1ve water w1th the I

X The usual construction of newer wells is to make the well bore 12 -
in diameter and to install casing 8 inches in-diameter. -Well depth
r ined by a sufficient section of free flowing water, high tempera-
ture, and the length of coil required to supply heat for.the structure.
Heat1ng system contractors consider 24 inches of free flowing water near
190°F (889C) as the minimum to provide sufficient heat for a typical 1,600
to 1,800 square foot home, with Tonger sect1ons more desirable. -

Once a suff1c1ent length of free flow at sat1sfactory temperature
is obtained, drillers prefer to continue drilling 10 to 25 feet even though
the extra depth may not be required for the heat exchanger pipe. This extra
depth provides space for a mud leg and a volume to hold debr1s that may :
otherw1se slough into the well and cover the Iower f]ow. ’ ‘ '

: Once the well bore is- compIete, cas1ng is started down the hole.
Perforations are cut in the casing as it is lowered so that free flowing
water can enter the casing. The casing extends to the bottom of the bore
and, by Oregon law, must be set in a solid formation. If required, a - .
packer may be installed to block off cold water flows. Packers are-gen—'”
erally made by securing burlap to the casing in the desired position as

S o193




- water, picking up heat in the well and releasing the heat in. the radiators.

Geology and Energy Utilization of the = = Lo
Klamath Falls Known Geothermal Resource Area'

."By John W. Lund ' ‘
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the’tasing‘is'1eWered A ter the cas1ng is set grout 1s.p1aced above the
‘ bur]ap to prov1de a permanent seal.

Since the bore is larger than the cas1ng, 11ve water f]ows at severalz;?fi;jff:““'
deprhs are usually encountered, and the perforations allow circulation; it
“is believed that a convection cell is established within the well.: HOW;I

effective this cell is in providing good c1rcu7at1on after many years 1s
open to some guestion. : S gt

ing thickness is 1/4 to 5/16 1nches and the expected 11fe ;a';f;;;f¥

’ ell ‘water tem;eratures vary from 70°F (2]°C)‘at‘theitop'tokover'220°F.s%“{ui=v
(10b'C) at the bottom The Tow surface temperatures are generally caused. by""t‘”
¢old surface watar cooling the surrounding formations. Rock temperatures
in-drill he ; n measured as high as 2500F (127°C) but once water
enters the k

n the hot water area vary from 1000F to -over 2100F. . T
10°F zre generally not considered to-be adequate for R .

peratures outside of this area vary from 100°F to _;qu;a;ij’

; r1"‘er removed from the hot water reg1on N

century, geotherma] we]] water has been p1ped
in Klamath Falls. Even though the water in.’

v QO

by by

_ is i ] or geotherma] water, it corroded and scaled .
. plumbing systems of so, that in a relatively short time, systems ¢-jj{=;
had toc be repaired or reg d.  About 1930, the first down-hole heat ex-‘,‘;j. -
- changer, localiiy known as a co1], was instalied in a geothermal well. ~The . = -~
heat exchanger coil consists of two strings of pipe connected at the bottom " -
by a reverse bend. The temperature of the well water and the pred1cted '
heat load determine the length of pipe required. Based on experience, ™ -~
local heating system contractors estimate approximately one foot of coil = .
per 1,500 BTU per hour required. - The coil pipes are connected to the supply -
" and return of the distributing piping and the entire system filled with.city .= %
water. Figure 4 illustrates a typical system. The "thermo-syphon" (or gra—f'_i o
. vity feed in standard hot water systems) process.circulates the domestic -

| o
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CircuTation pumps are requ1red in cooler wells or in larger systems to in- -
“crease the flow rate. Thermo-syphon circulation will provide 3 to 5 psi . -
pressure difference in the supply and return lines to: c1rcu1ate 15 to 25 - '

gallons per minute with a 10° to 200F temperature change

There are several older and/or cooler wells that are’. pumped d1rect1y
into the storm sewers or canal. .In most cases the well is pumped in order .
- to increase the flow of geothermal waters and raise the temperature ‘of the -
“well to a level Tocally considered satisfactory for use -in space heating,
about 1400F (60°C). In a few instances, mostly in the artes1an area, well . -~ = .
water is pumped directly through the heat1ng system DRI R S '_;h,;ﬂ }g“ﬁfl
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' . waste water discharge. The most common failure of these systems -is-cor-
~ resion of the heat exchanger pipe at the air-water. interface.~ Other, area

- floor space. Three hot water wells ‘have been drilled adJacent to..campus .

o ~varying from 12 inches to 6 inches in diameter. These wells can:be 1nd1v1-

jealogy and tnerqv ”t1h ation of the T S
. xlamath Falls known Geothermal Re\ouruc Arvear oo '
... By John W. Lund : e e

“Page 10~

, - The down-hole heat ekéhanger system Ts‘eronbmicél minimizes corros1on‘
'pFQDTems, probably conserves the resource, and e11m1nates the problem ‘of,.

~of failures are where pipes touch the side of the casing or due'to tw1st1ng
where they rub or touch each: other. Most heéat" exchanger pipes are standard-"’
- black iron pipe, although a few are double strength near the top ir deep- we]]s
" to reduce stresses, or at the water Tine to prov1de 1onger corrosion resis~ .
* - tance. The average life of standard black jron pipe in the wells investi
“-gated was about 14 years. Other materials have been tried for: use at the .
~waterline including v¢ass and lead; ‘and based on limited- 1nformat10n ‘these::
appear to extend the 1ife of the system.” The most common, econom1ca1, and
- apparently effective m iethod of reducing corrosion is to pour used motor oil ~
or paraffin in the we These materials ‘either reduce evolved gases and
t

Uy ([ et fl) -"‘

'f;
~ water vapor, or provide 2 protective coating on the coil surface, or. both.:
Several types of corrosion es1stant,paints,haye been tried withiquestion
able results. . S R T LI S
C. Spe C1F1e Utilization Examples © .

author's hesidenCeﬁié'typicallbf méﬁy pfuthe;epaé
r usages of a geothermal hot water-well in-the .
tne OIT campus and adjacent to Rooseve]t School,ﬁ

ists of 2,500 square feet of floor space on’ onef"j

et deep with 68 feet to the static water level.®
er varies from 1900F.at the: top 't0:1970F "at” the
ittle variation in temperature occurring over the 25 -:
. i was drilled. The well was drilled 12 inches. in dia-".
*‘meeer and then cased with 8-inch diameter casing. - Two heat exchanger 1oops
“for coils) exLerC'to the bo om of ‘the well, one at 2 ‘inches in diameter-

for the space heating reguire nents and one at 3/4 inch in diameter for do-
mestic hot water. No circulation pump is required as the hot water "thermo-
~ syphons" naturally. Space heating .is provided by running the closed System
" heated water through a series of radiators under the house,- and- ‘then a nor-
-mal forced a1r system is used to heat the house. The tap water ‘using-. ity
water in the "coil", reaches a temperature of 1850F at the tap. ~ Sections
. of the heat exchange pipe have corroded at the water surface, thus they:
. have been replaced twice in 25 years. Space heating requirements are

1.8 x 108 BTU per year with approx1mate1y 250, 000 BTU per hour requ1red
dur\ng peak usage : - N

. et
AR LT N RN IR .
. - RESTE AT T s
— o TN TR e i s ’ i

q &
Y

5

‘ 2. Oregon Inst1tute of Techno]ogy Campus (Ref '6) ' The OIT campu
-.consists of seven buildings covering approximately 440,000 square feet of v,

- :uma)"“‘cmmx}'—jme '

~varying from 1,288 to 1,800 feet in depth. These wells vary from:14 1nches
in diameter at the top to 8 inches in diameter at the bottom with c¢asing:

. dually pumped up to 450 gallons/minute at 1929F.  Centrifugal pumps, “located
- at a depth of 550 feet are used to pump the water from the we?]s Upvto~two

-196- .
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ment is on

Klamath Falls Known Geotherma] Resource Area S

wells are'used'at one time during the -heaviest demands , whi]e‘the'thifdwmelljxflf :

stands by. The well water is pumped from the well and used in most cases. ;" " .
directly in the heating system in each building (see Figure 5). Both hot
water radqators and forced air systems are used for heating. The water is-’
f1na11j dis arged at approximately 1250F. The average heat utilization -
rate is 2.8 million BTU per hour with over 30.1 m1111on BTU per hour ava11-~,‘~'”
able for co ather. : : :

3. Medo-Bel Creamery. . This creamery,3located jdst south of'Modoc

Field (‘Bég Springs") uses hot water from a 765-foot deep well for a variety
of applicztions. The most unusual is for pasteurizing milk. Water is ava11— j
able from the well at 181°F and is pumped directly into the pasteurizing
equipment. The milk is heated at .1610F for 15 seconds and then quickly
cooled o 36%F to retain flavor. More than 500,000 pounds of milk are. o
treated sach-month. Tno bu11d1ng is also heated by direct use of the well . .
Iwater The waste hot water is then pumped directly iinto the city storm -~~~
vstam. A 7-1
o owT h

,2 hoisepower jet pump is used extend1ng approx1mate1y:f‘
the ar tes1an we]] o

Storage Company. This company hasAseven con
below freezing temperatures.  To prevent the
from freezing and frost heaving, a closed-loop - .
placed approximately three feet below the floor - -
and some soil. The systam consists of 2-inch -
feet apart and filled with oil. The oil is
: gco11" heat exchanger in a 6-inch diameter cased
hot wat : T y 1,100 feet- deep under artesian conditions.

: our is-utilized in th1s un1que system g

e T Y RN

”"S

vemant Heat1na by the State Highway Department The heat from‘r
p well is used to remove snow and ice from a critical section
it

t

P

a 419-foot &

of h1ghWa, pavement approaching a busy intersection. The stretch of pave-
a steep grade approaching a stop light.  Since it is a major

truck route, it is extremely important that the snow and. ice be clear from ’

" this pavement during bad weather. One-inch diameter pipe placed in the

concrete pavement on 18-inch centers form a grid under the pavement. Anti-
freeze is circulated in a closed system through the well and into the-grid .
system. The antifreeze enters the grid at a temperature of 120°F and. a
Teaves at 1030F and will keep the pavement sufficiently clear of snow and
ice to provide free travel at temperatures of 10°F be]ow zero and under

: cond1t1ons of three inch per hour snowfall.

SUMMARY AND CONCLUSIONS

The Klamath Basin KGRA has been utilized primarily for space heating -+ -
for over 70 years. The most popular method of extracting the heat from the
ground is by down-hole heat exchangers in hot water wells.. A secondary
method is to pump the water from the ground and pass it through a heat ex- - -

C-197-




T IR,

2' DOMESTIC WELLS ————we

AR
oucr )
f —1-HEAT DECK
© - L _ , : [;') ' > -4 ubat ExcraNGER -
@ . T o
; ST ' MECHANICAL / FORCED-RIR HEATING
; @ ELECTRICA] SE ngreo WATER FOR DOMESTIC USE
LW PL.DG; ab ] MESTIC WATER
DL L )
.+ O EAT EXCHANGER
w
4- W .
o
< — )
o m
- = .
+ 5 L : : : : i,
o W g’ o : oL o . LF(:END
-0 rmmemsmagremeerers MAIN HOT WATER SUPPLY LINE
-9 e e HOT WATER LINES -
PN et MAIN DISHARGE 1INE
2 o ) e e DISCHARGE LINE
LN E B :
o O
&) §'U - &
£ c S o ' - S ‘ : A WELL NO. 2
wwn > R o . . : » : - <)
.. or~" . . . o WELL NO. 5
S e o™ . o e (1600 FT)
e OLT GEOTHERMAL HEATING SYSTEM . wmpme T
) >NL o N o to [ : . irses) - "4OOFT’ )
o - — : :
o ? S . A o
—
o® o K
O ool . I

FIGURE 5




Geology and Energy Utilization of the = - N
Klamath Falls Known Geothermal Resource Area R
By John W. Lund -
.Page 13

'changer above ground and then waste or re1n3ect the water In some cases
- the water is used d1rect1y in the heat1no system and wasted o the storm

- sewer system : : . , ‘ L
" The extent of the near surface hot water can be fa1r1y weTT de11n—f'
. eated-with the area. with temperatures greater than 100°F shown in Figure 1.
The temperatures of the. near surface water appear to- gradua11y diminish as.
“the location gets .farther away from this 100°F boundary. Based on well ‘

. driliing Togs and conversations with local residents, the temperatures of -

the water outside this area decrease from 1000F to about 70%9F.within half
a miie to the east and west. The typical cold water well has a temperature

[ (

i

is.also appears to be somewhat expensive for an indi- ..~
r. “Initial investment of from $7,000 to $10,000 appears

he present time. The annual operating cost, including .

is' quite low, amounting to less than $100 per year. Inmany =
n enn1ty, to reduce the initial investment cost of a new
wners have shared one well w1th good SUCCESS.A-'V”ﬂ;

of 70%F in the basin. In the cold well water area of the city several.-
businesses and residences have used heat pumps for heating and cooT1ng
Thes= have worked very successfu]]y, as the water temperature remains con- :
stant throughout the year. ‘The main disadvantage is that the initial in-
lation n
1

us eosc1us1on is to cons1der some’ sort of district heatwnq
iceland. Alternatives that could be considered are a
23 sharing a well, an entire block-sharing a well, or 5
n sharing a well. The greater the number- of homes on .-
1 and deeper the well will probabTy have .to be and the
SVert
f

i1 appear to be near opt1mum for cost and eff1c1ency

The ‘total heat utilization from hot water we1]s est1mated for Klamath
Falls is approximately 1.7 x 101! BTU/year or 5.6 megawatts. - This is the "~
average utilization for the entire year with up to 56 megawatts being used
during peak periods. It is obvious that only a small portion of the total. .
potential of this resource is being tapped. At the present time, studies

- are being 'initiated at the Geo-Heat Utilization Center established at Ore- .
' gon Institute of Technoelogy to further study the basin and to optimize the -
utilizations and to explore additional methods. of‘enekgy utilization such

b 2
) (D

system is expensive. The cost of hot water well opera- . - . .=

I cost for maintenance and administration will be. Founrf ;'“

as greenhouses,.501] warm1ng, food proce551nq and use 1n the forest broducts,l..ﬁt

,_1ndustry
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