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Introduction 

The low temperature geothermal resource of the Yakima region i s cu r ren t ly 

at t he i n i t i a l s t age of i t s development. Several domestic heat pump systems 

u t i l i z e the warm groundwater f o r space hea t ing , and l a rge r i n s t a l l a t i o n s have 

been considered. This report provides a prel iminary summary of the geothermal 

resource f o r po r t ions of the Yakima reg ion . 

Location and Topography 

The Yakima region l i e s in the western port ion of the Columbia Plateau in 

sou th-cen t ra l Washington. The r e g i o n ' s major topographic and s t r u c t u r a l 

f e a t u r e s are a s e r i e s of sou theas t - t r end ing a n t i c l i n a l r idges and syncl inal 

va l l eys . The Yakima River serves as the r e g i o n ' s major drainage. 

S t ra t igraphy of the Yakima Region 

The lava flows of the Columbia River Basal t Group (CRBG) and the 

interbedded sediments of the Ellensburg Formation comprise the bulk of the 

r e g i o n ' s nea r - su r f ace s t r a t i g r a p h i c sec t ion . The nature of the rocks 

underlying the b a s a l t i c lavas i s unce r t a in , but they are probably r e l a t ed to 

o lder volcanic rocks (Ohanapecosh Formation) t h a t are exposed to the west 

(Bentley and o t h e r s , 1980). Oil and gas explora t ion boreholes are present ly 

being d r i l l e d in Yakima County and should provide information on the deeper 

geologic un i t s in the f u t u r e . Alluvial sediments over l i e the Ellensburg 

Formation throughout much of the lowlands of the Yakima region (Campbell, 

1976, 1977a, 1977b; Swanson and o the r s , 1979a). 

The t o t a l th ickness of the Columbia River Basal ts i s unknown but probably 

exceeds 1,000 m in the Yakima region (Bent ley, 1977; Bentley and o t h e r s , 

1980). All t h r e e formations of the Yakima Basal t Subgroup (CRBG)--the Grande 



Ronde, Wanapum, and Saddle Mountains Formations—are found in surface 

exposures (Swanson and o t h e r s , 1979a). 

Individual b a s a l t flows usua l ly contain two major zones, the colonnade 

and the underlying e n t a b l a t u r e , which a re set apar t by d i f f e r i n g j o i n t 

c h a r a c t e r i s t i c s (Swanson, 1967; Diery and McKee, 1969). S t r a i g h t , ve r t i ca l 

columns are typ ica l of the colonnade, while t h i n n e r , i nc l i ned , or curved 

columnar j o i n t s are found in the e n t a b l a t u r e . Horizontal j o i n t s a re found in 

both zones. A basal breccia i s o f t en observed beneath the colonnade, and a 

ves icu lar zone o f t e n occurs at t h e flow top . 

An general ized s t r a t i g r a p h i c sec t ion i s shown in Figure 1. Subsurface 

s t r a t i g r a p h i c c o r r e l a t i o n l i n e s f o r the lower Yakima, Black Rock, and Moxee 

Valleys are shown in Figures 2 through 8. (Symbols used in Figures 2 through 

8 are explained in Appendix A.) These c o r r e l a t i o n l i n e s were cons t ruc ted by 

i n t e r p r e t i n g both d r i l l e r s ' and borehole geophysical l ogs . Neutron-neutron 

logs are shown in Figures 2 through 8, but i t should be noted t h a t natural 

gamma, gamma-gamma, and neutron-gamma logs were a l so u t i l i z e d f o r these 

c o r r e l a t i o n s . Formation th icknesses reported in l a t e r sec t ions of t h i s report 

are apparent t h i c k n e s s e s , s ince dip co r rec t ions have not been made. 

An overview of t h e r e g i o n ' s geologic uni ts i s given below. In te res ted 

readers are r e f e r r e d to Swanson (1967), Schmincke (1967a and 1967b), Diery and 

McKee (1969), Bentley (1977), Campbell (1976, 1977a, and 1977b), Swanson and 

o thers (1979a), and Bentley and o the r s (1980) fo r more de t a i l ed informat ion. 

Grande Ronde Formation 

The Grande Ronde Formation has been informally divided in to four 

magnetos t ra t ig raphic un i t s of which t h r e e (Nx, R2, and N2) have been mapped in 

the region (Swanson and o the r s , 1979a). The t o t a l thickness of t h i s formation 
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FIGURE 2 STRATIGRAPHIC CORRELATION LINE # 1 



FIGURE 3 STRATIGRAPHIC CORRELATION LINE # 2 



FIGURE 4 STRATIGRAPHIC CORRELATION LINE #3 



FIGURE 5 STRATIGRAPHIC CORRELATION LINE #4 



FIGURE 6 STRATIGRAPHIC CORRELATION LINE #5 



FIGURE 7 STRATIGRAPHIC CORRELATION LINE #6 



FIGURE 8 STRATIGRAPHIC CORRELATION LINE #7 



in the Yakima region probably does not exceed 1,000 m and may vary by as much 

as 400 m because of an i r r e g u l a r p r e -ba sa l t topography (Bentley and o the r s , 

1980). Individual flows average 20 to 30 m in thickness (Bentley and o the r s , 

1980). 

Vantage Member of the Ellensburg Formation 

The Vantage Member of the Ellensburg Formation l i e s between the Grande 

Ronde and Wanapum Basalt Formations throughout most of the region . The 

reported th ickness of t h i s member ranges from 0 to 30 m (Diery and McKee, 1969; 

Bentley, 1977; Bentley and o t h e r s , 1980). This member i s composed of 

v o l c a n i c l a s t i c sandstones , s i l t s t o n e s , c lays tones , and minor q u a n t i t i e s of 

conglomerate and d ia tomi te (Diery and McKee, 1969; Bentley and o t h e r s , 1980). 

None of the wel l s f o r which s t ra t igraphic sect ions are given in t h i s report 

have penetra ted t h e Vantage Member. 

Wanapum Formation 

In the Yakima Region, the Wanapum Basalt Formation i s composed of th ree 

members: the Frenchman Springs, t he Roza, and the P r i e s t Rapids Members. 

Frenchman Springs Member 

The Frenchman Springs Member, the th i ckes t (over 150 m) and most 

widespread Wanapum Member, i s composed of up t o s ix flows a t Union Gap 

(Bentley and o t h e r s , 1980). None of the wells f o r which s t ra t igraphic sec t ions 

are given in t h i s repor t have completely penetrated t h i s member. Six flows 

lave been t e n t a t i v e l y recognized in several wel ls where t h e i r combined 

thickness ranges from 80 to over 150 m. Several th in (up t o 8 m th ick in well 



11N/21E-22G2) discont inuous sedimentary in te rbeds l i e between the flows of the 

Frenchman Springs Basa l t Member. 

Squaw Creek Member of the Ellensburg Formation 

The Squaw Creek Member of the Ellensburg Formation l i e s between the 

Frenchman Springs and the Roza Members throughout much of the study area . The 

th ickness of t h i s member ranges from 0 t o nearly 11 m. This member can be used 

as a s t r a t i g r a p h i c marker due t o i t s high natural gamma response. A typ ica l 

response i s shown in Figure 9. The composition of the Squaw Creek Member 

var ies from a d ia tomi te or j a spe ro id t o sandstone or conglomerate (Diery and 

McKee, 1969; Bentley and o t h e r s , 1980). 

Roza Member 

The Roza Member occurs as a s i ng l e flow in the Yakima region . The 

thickness of t h i s member ranges from under 30 m to almost 45 m along the 

subsurface c o r r e l a t i o n l i n e s . A t h i n (0 t o 10 m) in te rbed (Quincy Diatomite?) 

separa tes the Roza Member from the over ly ing basa l t f low. 

P r i e s t Rapids Member 

Two b a s a l t f lows of the P r i e s t Rapids Member normally occur in the 

subsurface of the reg ion , with the upper flow th ickness ranging from 10 m to 

almost 60 m and the lower flow thickness ranging from 45 m t o almost 60 m. A 

th in (up t o 5 m) in te rbed occurs r a r e l y between these two f lows. Only one flow 

was found t o occur in several wel ls in the Black Rock and Moxee Valleys. The 

thickness of t h i s f low ranges from more than 20 m to 42 m at t he se loca t ions . 

The upper sur face of t h e Pr ies t Rapids Basal t Member i s o f ten deeply weathered 

(Bentley and o t h e r s , 1980). 



FIGURE 9 TYPICAL NATURAL GAMMA RESPONSE OF THE 
UMATILLA AND SQUAW CREEK MEMBERS 



Mabton Member of the Ellensburg Formation 

The Mabton Member of the Ellensburg Formation o v e r l i e s the P r i e s t Rapids 

Member throughout much of the Yakima reg ion . The thickness of the member 

va r i e s from 0 m t o over 25 m. The Mabton Member i s composed of v o l c a n i c l a s t i c 

depos i t s and a i r f a l l t u f f (Bentley and o t h e r s , 1980). 

Saddle Mountains Formation 

Four members of t h e Saddle Mountains Formation are found in the Yakima 

region . These flows include the Umati l la , Huntzinger, Pomona, and Elephant 

Mountain Members. Interbedded between these flows are sediments of the 

Ellensburg Formation tha t may reach th icknesses g rea te r than 100m. 

Umatilla Member 

The Umatilla Member cons i s t s of a s i ng l e b a s a l t flow with a th ickness 

t h a t ranges from 30 m to 60 m in the subsurface of the Black Rock and Moxee 

Valleys and from 60 m to over 80 m in the lower Yakima Valley. The colonnade 

conta ins poorly developed columns 1 m t o 2 m in diameter and is over la in by a 

glassy en t ab l a tu re and flow top breccia (Schmincke, 1967b). The Umatilla 

Member serves as a s t r a t i g r a p h i c marker because of i t s high natura l gamma 

response (Crosby and o t h e r s , 1972). A typ ica l response i s shown in Figure 9. 

"Huntzinger" Valley Flow (Asotin Member?) 

The Huntzinger Valley flow (Asotin Member?) occurs as a "val ley f i l l i n g " 

ba sa l t flow southeast of Selah in the Moxee and Black Rock Valleys (Bentley, 

1977; Campbell, 1977a). This flow has not been i d e n t i f i e d in any of the 

s t r a t i g r a p h i c sec t ions t h a t were prepared for t h i s r epor t . 



Selah Member of the Ellensburg Formation 

The Selah Member, an interbed ly ing between the Umatilla and Pomona 

Members, i s composed of v o l c a n i c l a s t i c depos i t s and v i t r i c t u f f s (Schmincke, 

1967a). The th ickness of t h i s member ranges from less than 10 m t o over 15 m in 

the subsurface of the Black Rock and Moxee Valleys and from 0 m to almost 25 m 

in the lower Yakima Valley. 

Pomona Member 

The Pomona Member, a s ing le ba sa l t f low, ranges in thickness from less 

than 40 m t o over 80 m in the subsurface of the lower Yakima Valley. In the 

subsurface of the Black Rock Valley, the Pomona Member was found t o be only 

30 m th ick and in several loca t ions was absent a l t o g e t h e r . The Pomona Member 

in the subsurface of the Moxee Valley was found to be 45 m to 55 m t h i c k . The 

upper su r face of the Pomona Member i s o f ten broken in to blocks of highly 

oxidized scor ia (Schmincke, 1967b). 

Rat t lesnake Ridge Member of the Ellensburg Formation 

The Rat t lesnake Ridge Member, an in te rbed ly ing between the Pomona and 

Elephant Mountain Members, i s composed pr imar i ly of s i l t s t o n e and c lays tone 

with interbedded conglomerate (Bentley and o t h e r s , 1980). The th ickness of 

t h i s member ranges from 40 m to over 100 m in the subsurface of the region . 

Bentley and o thers (1980) repor t th icknesses of up to 200 m fo r t h i s member in 

the Toppenish bas in . 

Elephant Mountain Member 

The Elephant Mountain Member usual ly occurs as one flow in the Yakima 

region with a second f low, the Ward Gap, being found at Snipes Mountain 



(Campbell, 1977b) and at Ward Gap (Schmincke, 1967a). The thickness of t h i s 

flow ranges from 8 m t o over 15 m in the subsurface of the lower Yakima Valley 

and i s absent in most of the wel ls s tud ied in the Black Rock Valley. In the 

subsurface of the Moxee Valley, the th ickness ranges from 0 m to j u s t over 10 m. 

A th ick (48 m) sec t ion occurs in well 12N/20E-16D1, but i t i s uncertain whether 

the e n t i r e sec t ion i s Elephant Mountain Basa l t . 

Upper Ellensburg Formation and Quaternary Sediments 

Overlying the Elephant Mountain Basal t Member are Ellensburg and younger 

Quaternary sediments. The th ickness of these sediments range from 0 to over 

170 m along the c o r r e l a t i o n l i n e s t h a t were prepared f o r t h i s r epor t , and i t i s 

expected tha t g r e a t e r th icknesses would be found towards the center of the 

lower Yakima Val ley . The Ellensburg sediments consis t of v o l c a n i c l a s t i c 

deposi ts with in terbedded conglomerates and sandstones, whereas the Quaternary 

sediments cons i s t of s i l t , sand, g rave l , and loess deposi ts (Campbell, 1976, 

1977a, and 1977b; Bentley and o t h e r s , 1980). 

In regions where the Elephant Mountain and/or Pomona Basalt Members are 

absen t , the Selah and Rat t lesnake Ridge Members are d i f f i c u l t t o separa te from 

the upper Ellensburg sediments. Where t h i s s i t u a t i o n occurs , t he Selah and 

Rat t lesnake Ridge Members have not been d i f f e r e n t i a t e d from the upper 

Ellensburg sediments on the c o r r e l a t i o n l i n e s t h a t are shown in t h i s r e p o r t . 



Previous Geophysical Inves t iga t ions in the Yakima Region 

Gravity and aeromagnetic s tud ies have been conducted in the Yakirna region 

by Robbins and o the r s (1975), Konicek (1975), and Swanson and o thers (1979c). 

The known seismic h i s to ry of the region i s summarized by Myers and Price 

(1979). 

Analysis of g r av i ty data suggests t h a t the basa l t s (CRBG) extend to a 

depth of 2 m t o 4 km in the Yakima and Toppenish Valleys and to a depth of about 

l km in the Ahtanum Valley (Robbins and o t h e r s , 1975; Konicek, 1975). 

Ci rcu lar g rav i ty lows were observed j u s t west of the c i t i e s of Yakima and 

Z i l l ah and were i n t e r p r e t e d as poss ib ly r e s u l t i n g from buried volcanic cones 

or deposi ts of rock having a lower dens i ty than the basa l t s (Robbins and 

o the r s , 1975). A l a rge gravi ty high, centered j u s t south of Union Gap, was 

a t t r i b u t e d to a t h i n layer of sediments (Robbins and o the r s , 1975). 

The aeromagnetic study showed low i n t e n s i t y , small amplitude anomalies 

over the va l l eys and anomalies of grea te r i n t e n s i t y and amplitude over the 

r idges (Swanson and o t h e r s , 1979c). Magnetic s tud ies may prove useful f o r 

mapping the younger v a l l e y - f i l l i n g Yakima Basalts (Swanson and o t h e r s , 1979c). 

Magnetote l lur ic s t u d i e s hold promise f o r explora t ion work below the level of 

the b a s a l t s , but unfor tuna te ly none have been published f o r t h i s region. 

His to r i ca l earthquake ep icen te r s with hypocenters. equal to or grea te r 

than 10 km deep tend t o be concentrated along a nor th-south l i ne between the 

c i t i e s of Yakima and Ellensburg (Myers and P r i ce , 1979). His to r ica l 

earthquake e p i c e n t e r s with hypocenters less than 10ckm deep tend to be 

concentrated along the same north-south l ine and along a nor thwest-southeast 

l i n e t r end ing , through the lower Yakima Valley (Myers and P r i ce , 1979). 

Magnitudes of 4 or l e s s have been reported for these shallow and deep-seated 

earthquakes (Myers and Pr ice , 1979). 



Previous Geothermal Research in the Yakima Region 

Geothermal research in the Yakima region began with a repor t by Smith 

(1901). In t h i s r e p o r t , Smith, noted the warm temperatures (approximately 

22°C) of the ground water flowing from a r t e s i a n wel ls in the Moxee Valley and 

ca lcu la t ed geothermal grad ien ts of 50 t o 73°C/km f o r the reg ion . 

Foxworthy (1962) reported an average geothermal grad ien t of 40.5°C/km in 

water wells g r e a t e r than 15 m deep in the Ahtanum Valley and suggested that the 

rock type had l i t t l e e f f e c t on the g rad ien t . 

Blackwell (1980) reported geothermal gradients of 26 to 37°C/km and heat 

f low values of 57 t o 64 mWm-2 from water wells in the reg ion . 

Schuster (1980) noted t h a t goeothermal gradients of 50 to 70°C/km were 

consnonly measured in water wel l s of the region and tha t several very shallow 

wel l s produced warm waters . Depth t o 20°C in water wel l s of the Yakima region 

were reported t o range from 9 m t o 471 m (Schuster , 1980). 

Temperature Data 

Subsurface temperature data in the Yakima region has been co l l ec ted by 

t h e Geological Engineering Section of Washington Sta te Universi ty (WSU), by 

the Department of Geological Sciences of Southern Methodist Universi ty (SMU), 

by t h e Washington S ta te Department of Natural Resources (DNR), by the U . S . 

Geological Survey (USGS), and by the Oregon I n s t i t u t e of Technology (OIT). 

Some 200 bottomhole temperatures and depths f o r wel ls in the Yakima region are 

given in Appendix B. Well l oca t ions are shown in Figure 10. 

The accuracy of the temperature data var ies with the c o l l e c t i n g agency. 

The temperature data co l l ec ted by SMU and the DNR have an accuracy of 

approximately ±0.2°C (Blackwell, 1980). The accuracy of the temperature data 

c o l l e c t e d by the USGS and OIT i s unknown. 





The temperature probes u t i l i z e d by WSU since 1974 were r e c a l i b r a t e d in a 

water bath as pa r t of t h i s p r o j e c t . P r io r c a l i b r a t i o n s were only approximate 

because of the use of a nonstandard thermometer. Previously published WSU 

temperature data have been corrected t o r e f l e c t t he c a l i b r a t i o n changes. The 

change in c a l i b r a t i o n averaged less than -1.0°C. The precis ion of the WSU 

temperature probes i s approximately ±0.2°C, and the f i e l d accuracy i s 

approximately ±0.4°C. The temperature probes used by WSU pr io r to 1974 are no 

longer a v a i l a b l e , and t h e i r accuracy i s t h e r e f o r e unce r t a in . 

The DNR Black Rock well #1 was logged on success ive days with the WSU 

temperature probe "A" and with the SMU probe VPR 1. The temperature logs are 

p lo t t ed in Figure 11 and are in c lose agreement, even though the WSU probe was 

the four th tool t o be run in the hole t h a t day. 

Calcu la t ion of Geothermal Gradients in the Yakima Region 

Determination of geothermal gradients in water wel l s of the Yakima region 

is complicated by i n t r a - a q u i f e r borehole f low. The net r e s u l t of the borehole 

flow i s a d i s t o r t e d thermal g r ad i en t , o f t en assuming a s t e p - l i k e form, with 

the recorded temperature d i s t r i b u t i o n being unrepresen ta t ive of the actual 

geothermal gradient (see Figure 12). 

Three opt ions were ava i l ab l e t o past i n v e s t i g a t o r s in t h e i r at tempts t o 

determine accura te geothermal gradients in these water we l l s . The f i r s t , and 

most common method, i s based on recorded bottom hole temperatures (BHT) and 

assumed land su r f ace temperatures (LST), as shown in equation (1) . 

Geothermal Gradient = BHT - LST (1) depth (km) 



FIGURE 11 TEMPERATURE LOGS OF THE DNR BLACK ROCK WELL #1 



FIGURE 12 'STEP-LIKE' DISTORTION OF A TEMPERATURE LOG 



For shallow w e l l s , i t i s very important t h a t an accura te LST be used in 

t h i s method. The e r r o r involved va r i e s according to equation (2) and is l a rge 

f o r even small e r r o r s in the LST. 

error = LST (assumed) - LST (actual) (2) depth (km) 

This method was appl ied in the Yakima region with very l imited success 

because accura te LST are not a v a i l a b l e . The geothermal g rad ien ts of 

neighboring wel ls ca l cu la t ed in such a manner o f t en d i f f e r e d by more than 100 

percen t . 

A second method i s based on s e l e c t i n g por t ions of the recorded thermal 

gradient t h a t appear undis to r ted and then c a l c u l a t i n g the geothermal grad ien t 

over t ha t i n t e r v a l . This method i s time-consuming and does not allow a check 

on whether the s e l e c t e d in te rva l i s a c t u a l l y una f fec ted by borehole f low. 

The t h i r d opt ion ava i l ab l e t o the i n v e s t i g a t o r i s t o disregard the data 

a l t o g e t h e r . 

A new approach t o the problem was developed f o r t h i s r epo r t . This method 

involves a simple l e a s t squares l i n e a r regress ion ana lys i s of the BHT's of a 

group of w e l l s . Well data groups were based on proximity and s imi l a r s lope 

aspect and angle . An addi t iona l well data group was se lec ted f o r well depths 

g r ea t e r than 650 m. 

The BHT l i n e a r regress ion ana lys i s has several advantages over the o ther 

gradient determinat ion methods. Uphole flow does not a f f e c t the BHT, and poor 

qua l i t y data can be discr iminated by i t s "lack of f i t " t o the r e s t of the 



da t a . Downhole flow can a f f e c t t h e BHT, but in many cases the deepest portion 

of t h e well appears t o be i s o l a t e d from t h e f low. A very rapid increase of 

temperature i s recorded in the bottom of the wel l s t h a t a re i s o l a t e d from the 

downhole flow ( see Figure 12). Wells in which downhole flow does a f f e c t the 

BHT are discussed in a l a t e r sec t ion of t h i s r e p o r t . 

Geothermal Gradients in the Yakima Region 

Plots of BHT vs . depth f o r the well data groups are shown in Figures 13 

through 26. (Symbols used in Figures 13 through 26 a re explained in Appendix 

A.) The r e s u l t s of the l e a s t squares l i n e a r r egress ion ana lys i s are 

summarized in Table 1. Geothermal g rad ien t s f o r the shallow ( l e ss than 650 m 

deep) well data groups range from 25.1°C/km t o 52.2°C/km. Projected land 

su r face temperatures range from 10°C t o 14°C. Depths t o the 20°C isotherm 

range from 142 m t o 344 m. The areal d i s t r i b u t i o n of the geothermal g rad ien t s , 

p ro jec ted land s u r f a c e tempera tures , and depths t o the 20°C isotherm are shown 

in Figure 27. 

The major i ty of wel l s t h a t were included in the deep ( g r e a t e r than 650 m 

deep) well data group are located ou ts ide of Yakima County. Despite the f a c t 

t h a t these deep wel l s are separated by l a rge d i s t a n c e s , an exce l len t 

r e l a t i o n s h i p between BHT and depth e x i s t s (Figure 26). The l e a s t squares 

regress ion ana lys i s of t h e deep well data group y ie lded a geothermal gradient 

of 29.9°C/km, a p ro jec t ed land su r face temperature of 24.3°C, and a depth t o 

the 100°C isotherm of 2,532m. A l i s t i n g of the wel ls t h a t were included in 

the individual well data groups i s given in Appendix C. 

Accuracy of the Geothermal Gradients Obtained by the Regression Analysis 

Temperature logs (Figures 28 through 32) of wells in well data groups 4, 



FIGURE 13 - TEMPERATURE VS. DEPTH FOR GROUP 1 



FIGURE 14 - TEMPERATURE VS. DEPTH FOR GROUP 2 



FIGURE 15 - TEMPERATURE VS. DEPTH FOR GROUP 3 



FIGURE 16 - TEMPERATURE VS. DEPTH FOR GROUP 4 



FIGURE 17 - TEMPERATURE VS. DEPTH FOR GROUP 5 



FIGURE 18 - TEMPERATURE VS. DEPTH FOR GROUP 6 



FIGURE 19 - TEMPERATURE VS. DEPTH FOR GROUP 7 



FIGURE 20 - TEMPERATURE VS. DEPTH FOR GROUP 8 



FIGURE 21 - TEMPERATURE VS. DEPTH FOR GROUP 9 



FIGURE 22 - TEMPERATURE VS. DEPTH FOR GROUP 10 



FIGURE 23 - TEMPERATURE VS. DEPTH FOR GROUP 11 



FIGURE 24 - TEMPERATURE VS. DEPTH FOR GROUP 12 



FIGURE 25 - TEMPERATURE VS. DEPTH FOR GROUP 13 



FIGURE 26 - TEMPERATURE VS. DEPTH FOR GROUP 14 







FIGURE 28 TEMPERATURE LOSS - LINE #1 



FIGURE 29 TEMPERATURE LOGS - LINE # 2 



FIGURE 30 TEMPERATURE LOGS - LINE #3 



FIGURE 3 1 TEMPERATURE LOGS - LINE # 6 



FIGURE 32 TEMPERATURE LOGS - LINE #7 



Table 1. Geothermal Grad ien t s , Land Surface Temperatures, 
and Depths to the 20°C Isotherm 



5, 6, 10, and 11 were analyzed to determine whether the geothermal g rad ien t s 

obtained by the BHT regress ions could be used to p r ed i c t aqu i f e r tempera tures . 

The r e s u l t s of t h i s ana lys i s are summarized in Table 2 and indica te t h a t the 

BHT regress ion equat ions do provide a reasonable es t imate of a q u i f e r 

temperature . Exact correspondence between the measured and predic ted 

temperatures should not be expected, because the accuracy and qua l i t y of the 

temperature data vary and because of t h e l a rge areas considered in the well 

data groups. 

The BHT's of several of the wel ls t h a t were analyzed p lo t below the l i n e 

t h a t r ep resen t s t h e geothermal gradient of t h e well data group ( fo r example, 

wel ls 11N/20E-1R1, 11N/22E-22G2, and 12N/20E-36P1 f o r well data group 5 ) . In 

a l l but one c a s e , the borehole flow d i r e c t i o n in t he se wel ls was downhole, and 

the downhole flow from a higher level t o the well bottom would r e s u l t in the 

colder than normal tempera tures . I t should be noted tha t the recorded 

temperature a t t h e zone of i n f l ux of the downhole flow corresponds t o the 

predic ted tempera ture as given by the regress ion equation fo r the depth of the 

i n f l u x zone. The one except ion, well 13N/20E-18N1 of well data group 10, was 

i n t e r p r e t e d as having uphole f low, but t h e discrepancy may be caused by a poor 

q u a l i t y tempera ture log. 

Projec ted Land Surface Temperatures and Slope Aspect 

The r e l a t i o n s h i p between the projec ted land su r face temperature and the 

land su r f ace s lope aspect of the well data groups was a l s o inves t iga t ed . Land 

su r face temperatures were normalized to a 305 m (1000 f t ) e leva t ion according to 

a lapse r a t e of 7°C/km and p lo t t ed vs . the land su r face slope aspect of the 

well data groups (Figure 33). Inspect ion of Figure 33 i nd i ca t e s tha t t h e land 

su r face tempera ture i s r e l a t ed t o slope aspect f o r the major i ty of the well 



FIGURE 33 SLOPE ASPECT VS. NORMALIZED SURFACE TEMPERATURE 



Table 2. Measured and Predicted "Aquifer" Temperatures 



Table 2. Measured and Predicted "Aquifer" Temperatures ( con t . ) 



data groups. Well data groups 4, 6, 9, and 11 do not show a good f i t t o the 

curve, and t h e reason f o r these except ions i s unce r t a in . Possible 

explanat ions inc lude d i f f e r e n c e s in vega ta t ion , land use , i r r i g a t i o n , and 

whether the area l i e s in a recharge or discharge port ion of t h e groundwater 

flow system. 

Mean e l e v a t i o n , s lope a s p e c t , and normalized land su r f ace temperature are 

given in Table 3. Mean slope angle was s i m i l a r f o r a l l of the well data 

groups and averaged about 2° . 

Chemical Geothermometers 

The geochemistry of ground water can provide an ind ica t ion of the maximum 

temperature t h a t t h e water was sub jec ted t o while underground. Chemical data 

were compiled f o r 16 spr ings and 32 wel ls t h a t a re loca ted in the Yakima 

region . The l o c a t i o n s of these spr ings and wel ls are shown in Figure 10. 

Predicted source temperatures were ca l cu l a t ed according t o the Na-K-Ca 

method of Fournier (1977). The predic ted source temperature i s given by 

equation (3) : 

log Na + B log Ca = 1647 -2.24 (3) K Na °C + 273 

Calculated source temperatures f o r the spr ing waters range from 6°C to 

137°C. Calculated source temperatures f o r the well waters range from 14°C to 

222°C. Chemical concen t ra t ions and ca l cu l a t ed source temperatures f o r the 

spr ings and wel l s a re summarized in Tables 4 and 5, r e s p e c t i v e l y . 



Table 3. Mean E leva t ion , Slope Aspect , and 
Normalized Land Surface Temperatures f o r Well Data Groups 1-13 



Table 5. Chemical Data f o r Wells in Yakima County, Washington (cont.) 



Table 5. Chemical Data f o r Wells in Yakima County, Washington (cont.) 



Table 5. Chemical Data f o r Wells in Yakima County, Washington ( con t . ) 



Summary 

The Yakima region of sou th-cen t ra l Washington possesses a low temperature 

geothermal resource ( i . e . , g r ea t e r than 20°C) within the depth range al ready 

penetrated by domestic and i r r i g a t i o n water we l l s . The geothermal gradients 

developed by t h e regress ion ana lys i s appear capable of p red ic t ing the 

temperature-depth d i s t r i b u t i o n and can be used as a guide fo r f u t u r e 

development. Future research will be aimed at expanding these f ind ings t o 

other areas wi th in the Yakima region and on exp la in ing the va r i a t ion in the 

geothermal g r ad i en t s from one area to another . 
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Appendix A 

Symbols Used on Figures 2 through 8 and 13 through 26 



Symbols Used on Figures 2 through 8 

QS Quaternary sediments and Ellensburg Formation 

EM Elephant Mountain Basal t Member 

RRI Rat t lesnake Ridge Member 

PO Pomona Member 

SI Selah Member 

UM Umatil la Member 

MI Mabton Member 

PR2 Upper P r i e s t Rapids Member 

I1 Unnamed in t e rbed , Ellensburg Formation 

PR1 Lower P r i e s t Rapids Member 

I2 Quincy Diatomite? 

ROZ Roza Member 

I3 Squaw Creek Member 

I-6 Frenchman Springs Member 



Symbols Used on Figures 13 through 26 

e temperature data t h a t was excluded from 
the l e a s t squares regress ion a n a l y s i s 

x not a bottom hole temperature 



Appendix B 

Well Locations and Bottom Hole Temperatures from Wells in the Yakima Region 



Sharpe, Jack 
Chesley (DNR) 
Horrigan Farms 
Palmer, Marvin, #2 
Palmer, Marvin 
Barber #2 (DNR) 
Paterson Test Well (DOE) 
Moon, John 
Horse Heaven Test Well (DOE) 

Flower, Bi l l 
Prosser Municipal Well 
Smith, Tom 

Grandview City 
Prosser Experiment S ta t ion 
79-07 (DNR) 
Bauder, Milo 
Yakima Valley College 
Lawrence 

S tou t , Bud/Golob, Don 



Evans, Bi l l 
White, John 
J & R Orchards 
Shaw, O. B. 
Pace, W. B. 

Johnson, Forres t 
Lynch, Bob 
P e t e r s , Charles 
Soost Brothers 
Weatherly, Bob 

Dah l , Ted 
Dahl, Ted 
Clyde 
Ramsier (DNR) 
Garretson 
Hanrahan, Pete 
Ambrose, Al 
Sandlin, J e r ry 



Sandl in , J e r r y , #2 
Best , Peter 
Slagg, L. 
Gay, Harry 

Evans, Bi l l 
Kershaw, R. 
Rowe Farms 
de La Chapelle, Charles 
de La Chapelle, Charles 
Rat t lesnake H i l l s #1 

White, Hirum 
Meyer, C. 

G i l b e r t , Craig 
Bates , K. P. 

Douglas 

Mt. Adams Feed #3 

Stepniewski, Stan 
Sunnyside Dam 



Charron, Sebastian 
Gangl (DNR) 
Logan, Wilbur 

Brooks 
Es t e s , Marvin 
Es t e s , Marvin 
Cheyne Road Well (DNR) 
DNR 
Martinez, D. 
Martinez, Daniel T . , #1 
Griswald, Port 
Changala 

Martinez 
Marley Orchards 
Changala, Steven 
Blackrock #1 (DNR) 

Taggares Ranches 
Tramel, J . D. 
C-6 (DOE) 
Silvercove 

Nazerene 
Creamery Well 

Hill 
Terrace Heights 
Watkins 

Watkins 
Watkins 



Riebe, John 
Sundquist F ru i t 
Coppornall 
Champoux 

Yergen, Reginald 
Coombs, Bruce 
Coombs, Bruce, #2 

Martinez, Daniel T . , #2 
Changala, Steven, #2 
ARH DC-1 
DC-6 
Troutlodge 
Englund 

Huck 
Marmion 
Shearer 
Keller Frui t & Cold S tor . #2 
Keller Fru i t & Cold S to r . #1 

Perham 
Murray 
Majnarich, Frank 
Knutson 
Mansperger 
Dardon 
Allen, Bruce 
Zuetenhorst , W. 
Hargrave, Hugh 
Murray 
Z i rk l e , William H. 
McFarlane 



Roche Fru i t Company 

Yakima F i r ing Center #2 

Rathbun 
P i c a t t i 
Day 
Day 
Wenas (DNR) 
McNeilly 
McNeilly 
Boyd, John 
Young 
Burbank Creek (USGS) 
Larson Fru i t 
DH-5 
DH-4 
Dept. of Game and Fish #2 
Dept. of Game and Fish #1 
Kummer #1 

Kummer #2 
Umtanum Creek (USGS) 
Yakima Fi r ing Center 
Kummer 



Appendix C 

Well Data Groups Used in the Bottom Hole Temperature Regression Analysis 



Group 1 Group 2 Group 3 Group 4 



Group 5 Group 6 Group 7 Group 8 



Group 9 Group 10 Group 11 Group 12 



Group 13 Group 14 


