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In 1980. the Shell 011 C0llpany began dT1111ng a series of deep -,ells in tlie 
northwestem ColUlllbia Basin to test for hydrocarbons beneath the ColUlllbf a River ' - l 

basalt. Four wells. the 1-33 Vaid• Minerals. the 2-33 Yalci• Minerals~ the 
1-29 Bissa. and the 1-9 BN Saddle Mountains. have been CQlll)leted. Although all 
four aapleted wells were deemed none;~ mercial. gu was encountered fn each well, 
and the exploration effort set off an exploration booll in the ColUllbia Basin. 
This report presents a reevaluation of the hydrocarbon potential and pre-basalt 
stratigraphy of the Columbia Basin based on new infonnation supplied fro11 these 
wells. 

STRATIGRAPHY 

The 1-33 Yaki111 Minerals well passed through Columbia River basalt. Wildcat 
Creek :.ediaents. Ohanapecosh volcaniclastics. Roslyn fluvial sediments. Teanaway 
pyroclastics. and Swauk (Manashtash) fluvial sediaents. The well bottomed in 
Swauk sediaents at 16.199 ft after passing through a sheared serpentinite zone 
thought to represent faulted Swauk. 

The 2-33 Yak1111 Minerals well passed through Colullbia River basalt and 
bottoaed in Wildcat Creek sedi11ents at s.604 ft. The 1-29 B1ssa well passed 
through Coluabia River basalt. Roslyn fluvial sediments. Cretaceous niar1ne shale 
and limestone (probable). and bottoaed in granite at 14.965 ft. No stratigraphic 
infonaation fro111 well logs is available for the 1-9 BN Saddle Mountains well. 

The wells encountered coals and carbonaceous shales in early Tertiary Roslyn 
and Swauk Fonaations that are considered to be the source rocks for the gas found 
under the basalt. There are no known source rocks for oil or condensate. although 
the presence of 111r1ne rocks in the 1-29 Bissa well increases the possibility of 
oil if these rocks thicken to the southeast under the ColUllbia Basin. 

The Roslyn Fonaation contains the best reservoir rocks {fluvial sands); 
however peraeable zones also exist in the Swauk. Ohanapecosh. and Wildcat Creek 
sediments. The ColUllbia River basalt is not a reservoir rock but acts as a cap 
rock to confine upward • igrat1on of gas. Other iapenneable rocks downsection that 
iqy trap gas include Teanaw~ and Ohanapecosh tuffs as well as shales within the 
Swauk Formation. 

STRUCTURE 

The 1-29 Bissa well confirmed the presence of a pre-basalt structure. the 
Naneum Ridge-Hog Ranch high. which is present as a surface cross fold extending 
south as far as Rattlesnake Ridge. This high has restricted the eastward movement 
of Cascade-type volcaniclastics present 1n the 1-33 Yakima Minerals well but is 
missing at the 1-29 Bissa well (located on the crest of the high). The presence 
of this high increases the chance of stratigraphic traps along both sides of the 
uplift. 
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Except for the Naneua Ridge-Hog Ranch high, the well .data:give no clear 
evidence of the orientation of pre-Tertiary rocks. Surfacerant1c11nes reaain 
the best dr1111ng prospects tor g·as. although the poor showt fn , the · .. 
1-29 Bissa well aake folds tw the extreae norttM!st part of the ColUllbia 
Basin less attractive. •··· ., 

IESTING PROCBUtES AND RESULTS 

~ logging techniques used in the 1-33 Yalciaa Minerals well detected 
numerous gas shows in the sediaentary sequence beneath the basalt. The 
strongest kicks were in Wildcat Creek sediments just beneath the Columbia 
River basalt and in numerous zones throughout the Roslyn Fonaat1on. The 
ColUllbia River basalt showed small gas kicks in two interbeds. Following 
the drilling. eight zones were tested for gas production. The two best 
zones (in the Roslyn Foraation) each yielded gas at rates up to 500 thousand 
cubic feet per day (Mcfpd), but rapid pressure reduction and high water 
yields aade the zones noncoaercial. Initial total yield fro111 all eight 
zones was nearly 1.3 fl4cfpd. 

The 2-33 Yakima Minerals well was drilled to test zones 111111ediately 
below the basalt. This well produced more gas shows than the 1-33 Yakiaa 
Minerals well fr011 interbeds of the ColUllbia River basalt because lighter 
weight Ill.Id was used. Interbeds yielded only small amounts of gas and many 
were gas free. The 2-33 Yakima Minerals 111Ud log indicated good gas shows in 
the Wildcat Creek sediaents, but subsequent tests recovered very little gas. 

Flow tests in the 1-29 Bissa well yielded only small c1110Unts of gas. 
No oil or condensate was recovered in any of the wells. 

HYDROCARBON POTENTIAL Of lltE PASCO BASIN 

More information about the pre-basalt rocks under the Pasco Basin will 
be available after release of well log data for the 1-9 BN Saddle Mountains 
well. Pre-basalt sediaents under the basin are thought to derive either 
fr011 a southeastern extension of the Chiwaukum graben or fro11 sediments 
carried down the Palouse slope before the eruption of the Co1Ulllb1a River 
basalt. The Haneua Ridge-Hog Ranch high aay have prevented Cascade Province 
volcan1clastics fr011 reaching the Pasco Basin. The possibility of 111arine 
rocks under the Pasco Basin is enhanced by their discovery in the 1-29 Bissa 
wel 1. 

The Pasco Basin structural low is no more attractive as an exploration 
target than it was before deep drilling in 1980. The western edge of the 
basin along the Naneua Ridge-Hog Ranch high might contain favorable 
stratigraphic traps, but inore subsurface data are needed to prove the 
existence of such prospects. The best potential in the Columbia Basin is 
still considered to be surface anticlines with west or northwest structural 
closure. 



... 

. • , • -'I 

Rockwell Hanford Operation'.S 
SUPPORTING DOCUMENT 

...... 
ID- BWI-TI-265 

CONTENTS 

; 

Introduction ··························································· Objective·············• ················································ 
Well Site Locations •••••••••••••••••••••••••••••••••••••••••••••••••••• 

Rationale for Well Site Selection •••••••••••••••••••.••••••••••••• 
Source Beds •••••••••••••••••••••••••••••••••••••••••••••••••• 
Reservoir Rocks •••••••••••••.•••••••••••••••••••••••••••••••• 
Cap Rocks •••••••••••••••••••••••••••••••••••••••••••••••••••• 
Traps •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Strat1gra.ph1c Relationships •••••••••••••••••••••••••••••••••••••••••••• 
Regional Stratigraphy ••••••••••••.•••••••••••••••••••••••••••••••• 
Well Site Stratigraphy •••.•••••••.••••...•••••••••••••••••.••••••• 

1-33 Ya~iaa Minerals Well 
2-33 Yakima Minerals Well ···································· 

···································· 1-29 Bissa Well ·············································· 1-A Moses Lake Well ·········································· 1-9 BN Saddle Mountains Well ································· Test 1 r,g Procedures •••••••••••••••••••••••••••••••••••••••.••••••••••••• 
Tests Conducted During Drilling Operations •••••••••••••••••••••••• 

Ml.Id Logg 1 r,g •••••••••••••••••••••••••••••••••••••••••••••••••• 
Gas Monitoring ••••••••••••••••••••.•••••.••••••••••• . •••••.•• 
Cutting Analysis •••••••••••••••••.••••••••••••••••••••••••••• 

Testing Conducted After Drilling Completion ••••••••••••••••••••••• 
Fonaation Testing •••••••••••.•..•.•••••••••..•••.•••••••••••• 
Wire L1r,e Logg1f19" •••••••••••••••••••••••••••••••••••••••••••• 

Discussion of Test Results ••••••••••.•.•••••••••••••.•••••••••••••••••• 
1-33 Yaki11& Minerals Well 
2-33 Yakima Minerals Well ········································· ......................................... 
1-29 Bissa Well ................................................... 
Gas in the ColUlllbia River Basalt •••••••••••••••••••••••••••••••••• 

Future Considerations •••••••••••••••••.•••••••••.••••••...•.••.•••••••• 
Possible New Drilling Sites ••••••••••••••••••••••••••••••••••••••• 
Hydrocarbon Potential in the Pasco Basin •••••••••••••••••••••••••• 

Conclusion 

Rock Types ••••••••••••••••••••••••••••••••••••••••••••••••••• 
Structure ................•................................... 
..............••............................................. 

References •••••••••••••••••••••..••••••••••••••••••••...••••••••••••••• 

Figures: 
1. 

2. 

3. 

Location Hap Showing Well Sites and Columbia 
River Basalt Margin, Northwest Columbia Basin •••••••••••••••• 
Stratigraphic Correlation of Rock Units Found 
along the Basalt Margin and in the Methow Graben ••••••••••••• 
Sketch Across the HaneUJ1 High Before Uplift 
of the ColUlllbia River Basalt ••••••.•••••••••••••••••••••••••• 

,. 

7 
9 

10 
10 
10 
14 
17 
17 
19 
19 
19 
26 
26 
27 
28 
28 
29 
29 
29 
29 
32 
32 
32 
39 
43 
43 
43 
43 
44 
47 
47 
47 
48 
48 
51 
53 

13 

15 

20 

. , ,,._ 
t ... ,, ... -4 . "' 

, .. 
- > 

; ~,. < ~....-.on.1 , .. ,, 
.. .. :. .. ~i[J"·.,:.,·t· '·1·-:".. , ..,,, ··~ ' ;£.'" .-

' . - - . . ., .. - . ' -
. . 

. ' 



.. 

4. 

5. 

Borehole Stratigraphy and Li~logic Description 
far the. 1-33. 2-33.- and 1-29 Wells .•••••••••••• : .............. . 
Dtagr-atic. Cross-Section Through the 1-33. . •.:- . .. ,. - ': 
1-29, I.rid 1-9 Wells , ••••••••••• ; ••••• ~.: .· •••••••••• ; .... ....... . 

• 6 • Typical IIJd Log Gas •ucts• in the Shell 1-33 Well • •••• ~. -. •••• 
' - 7. Typical ~ Log Gas •uctc• Showing Spli~ .. of Gas -. 

e. 
9. 

10. 

Types by .. the ChralNltograph. 1-29 Well •••••••••••••••••••••• ~ •. 
Exillples of CoM and Trip Gas· in the 1-33 Well ••••••••• · •• -•••• 
Exaaple Chart of Syat>ols Used -in Well :log Analysis••••••••••• 
A Typical Gas K1ck in an Interbed. 1-33 Well •••••••••••••••••. 

Tables: 

Plate: 

1. Deep Well Sites in th~ Northwestern Columbia Basin ••••••••••• 12 
2. Stratigraphic Description of Rode Units •••••••••• . ••••••••••• ·16 
3. Ro<-k Units Cut by Deep Wells in the North-

western Columbia Basin ••••••••••••••••••••••••••••••••••••••• 21 
4. Results of Formation Testing In Shell Wells •••••••••••••••••• 40 
5. List of Wire:Line Logs Run in Shell Wells •••••••••••••••••••• 41 

1. Generalized Geologic Map of the NorttM!st 
Columbia Basin Showing Pre-Basalt Rocks and 
Major Depositional Basins •••••••••••••••••••••••••••••••••••• 55 



INTROOUCTIOII 

.· .. . ... 
. ~ . ~. . -.. 

The search for hydrocarbons in the ColUllbia Basin* durtng the.'put 80 yr .~ ... 
has involved l'Ulel"'OUS CQlll)inies and randoll prospecting OVII" • Wide' ::· •. . 
geographical area. · In the-late 1970s, the Shell Oll Collpany (She\1) began · 
an escalated seardl for oil and,gas in the basin. In 1980, alter acquiring 
a d011inant aaeage position in· the northwestern part of the ColUllbia ,Buin, 
Shell began drilling a series of deep wells designed to penetrate the . .. ~ . 
Co1Ullb1a River basalt and to test for hydrocarbons in pre-basalt sediaents. 
This ongoing drilling program has resulted in significant gas shows and 
triggered the largest exploration and lease •play• in state history. Major 
and independent 011 CQIIIPanies leased 110st of the Columbia Bastn, paying, in 
soae cues, lease bonuses exceeding S400 an a.en. 

The original gas shows proved uneconon1ical, but Shell 1s conti~ing to 
test pre-basalt rocks. By April 1985, Shell and various partners coaipleted 
drilling on the 1-33 Yakima Minerals, 2-33 Yakiaa Minerals, 1-29 Bissa, and 
1-9 BN Saddle Mountains wells. Shell has two other drilling penwits, one 
for the Frenchman Hills and a second for northern Oregon, but has not 
announced any plans for develol)lnent of these ·sites. 

I 
I 

iaasin will be used in this report rather than plateau to indicate that 
the rocks fora a true structural and topographic basin. 
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,w ~ wtre-11ne l~are available f~ the 1-li and 2-U..Ylkilia 
Minerals wlls and ttie 1-W'Bfssa wen (the 1-9 BIi -Saddle,Mauntains and 
1-A Moses Lue wlls are stnt tight holes). Using the infOl"lllltion frCII 

· these wens. thfs,•report wf 11 perfora the following functions: .. 
. . 

1. Ewaluate and inter,,ret the borehole stratigraphy and relate it to 
the regional geology 

2. Provide updated infOT'IAtion conceming the hydrocarbon potential 
in the northwestem and central ColUllbia Basin (previous 
docnaer1tat1on (Rodcwell and Leaaing 1981) does not include data 
fTOII the She 11 we 11 S) • 

This repow t will not discuss rocks and hydrocarbon potential in the 
extrelle south and eastern ColUllbia Basin. 
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IElL SITE LOCATIONS 

~ 

The RSH-1 Rattlesnake Hills well. the first deep exploratory·wn 1n 
the Co1UIID1a Buin, wu drilled in 1958. This well penetrated, but d1d not 
pass through. the Co1Ullb1a River basalt. 

Since 1979, five deep wlls have been drilled exclusively for petrole1111 
evaluation in the nortl'Mstem ColUllbia Basin (table 1). Each wll, except 
the 1-A Moses lake wll. is located on the crest of an antic11nal ridge 
having west structural and topographical closure (fig. land plate 1). 

~TIOMLE FOR IElL SITE SElECTION 

011 and gas well sites are chosen for aany reasons--favorable geology, 
available lease lands. enviro.11ental conditions. political considerations. 
and access potential--aost of vhich are outside the scope of th1s report. 
One can. IICM!ver. Mice a reasonable interpretation of the favorable 
geological conditions that led to the drilling of several wells in the 
ColUllbia Basin. The following four conditions are necessary for l"1 
significant acaa,lations of hydrocarbons to occur: 

1. Adequate source beds to generate hydrocarbons 

2. Nearby porous and peraeable beds to act as a reservoir 

3. A cap rode to prevent the escape of nevly fonaed 011 and gas 

4. A trapping aechan1sa. 

All of these conditions~ exist under the Coluabia River basalt. 

Source Beds 

T"° rode types that can act as source beds NY be present under the 
ColUlllbia Butn. The aost likely source beds are coals and carbonaceous 
shales contained 1n early Tertiary fluvial rodes: the Roslyn, Chuastick, 
and Swauk Fonllltions. The Roslyn Fonaation contains numerous thick coal 
beds and the Swa&ak and Chullstick Fonaations co--~in • 1nor coals and several 
black shales. These rodes crop out along the basalt 11argin and appear to 
extend southward under the basalt (plate 1). Analysis of the well logs 
indicates that these rocks are present 1n the 1-29 Bissa and the 1-33 Yakima 
Minerals wells (see the following discussion). 
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Table 1. Deep Well Site$ in the NortJMstem Col~·i• Basin • . ~ 
1-33 2-33 1-29 1-A 1-9 BN 

Character- r. Yak1aa Yak1aa 81ssa Moses . Siddle 
istics Minerals Minerals well Lake Mountains 

well well well well 

Location 33-15N-19E 33-15N-19E 29-18N-21E 13-20N-26E 9-15M-25E 
Kittitas Kittitas Kittitas Grant Grant 
County County County County County 

Operator Shell Shell Shell Snowbird Shell 
Resources 

Total 
depth (ft) 16,199 5,604 14,965 6,979 17,518 

Date 
C011Pleted 6/30/81 2/20/82 7/9/82 12/22/81 10/13/85 

(?) 

Antic11na1 Selah Selah Whiskey Beezley Saddle 
structul"e Butte Butte Dick Ridge Hills (?) Mountains 

Structural 
closure (ft) 700 700 450 Unknown 600 

Topographic 
closure (ft) 800 800 450 None 300 -
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Figure 1. Location Hap Showing Well Sites and Coluabia 
River Basalt Margin, Northwest Colllllbia Basin. 
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A second potential group of source beds are Cretaceous •rine rocks 
found north of the ColUllbia Basin in the Methow graben and 1n :central 
Oregon. The Virginia Ridge. Harts Pass. and Panther Creek Fonutions all 
contain black shales capable .of generating hydrocarbons providing they'•are 
present under the ColUllbia River basalt (fig. 2 and table 2) • . Logs froa the 
1-29 B1ssa well indicate that aarine shales and limestones were encountered 
near the bott011 of the well. 

Hydrocarbons •ay have been liberated from source rocks under the basalt 
without being destroyed by ther•al effects from the eruption of the ColUllbia 
River basalt and volcanics from the Cascade Range. In addition. the 
volcanics may have aided coal gasification by providing added heat and 
pressure. Coal and carbonaceous shale in lower Tertiary rocks ire the 110st 
likely sources of hydrocarbons. Cretaceous rocks seem less likely to have 
generated gas. 

Reservoir Rocks 

Clean. qua·rtz-rich sandstones capable of holding hydrocarbons are 
present in Tertiary rocks along the basalt margin north and west of the well 
sites (fig. 2). Allong the 110st favorable reservoir rocks are the Wenatchee. 
upper Roslyn, and • iddle ChU11Stick Formations. but clean sands are also 
present in Swauk and Wildcat Creek sediments. These fluvial sandstones (and 
sand derived fr011 volcanic rocks) have a poorly sorted nature Ind contain 
zeolites. clay, and tuffaceous silt that reduce the penneabiltty of the 
rock. In addition, the lensey nature of the sediments tends to reduce the 
volume of the reservoir and restrict lateral migration of fluids. 

One favorable aspect is that fluvial sediments often contain buried 
sand bars and old stream channels that are excellent reservoirs. Since 
migrating gas requires less permeability and porosity than 011, s0111e 
tuffaceous and silty sandstones fn the Tertiary sequence may be potential 
gas reservoirs. Shell tested a variety of rock types and recovered gas in 
most of these units (see well data below}. 

Certain Cretaceous 111rine rocks, ff they exist beneath the Columbia 
River basalt, aay be reservoir rocks. In the Methow graben to the north. 
the Goat Creek and Winthrop sandstones are potential reservoirs; however, 
most Cretaceous rocks in the graben tend to be tightly cemented and 
COC1Pacted with abundant clay raatrix and are sometimes thermally altered. 
A sequence of probable Cretaceous rocks encountered in the 1-29 Bissa well 
contained only one thin sandstone. 
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Cap Rocks 

The Columbia River basalt is considered to be a seal to upward 
•1gration of gases and liqil°ids fr011 rock below the basalt. Hydrologic 
studies at the Hanford Site indicate that soae lava flows are ~treaely 
1aperaeable even under high pressure. Further evidence is the ·relatively 
high pressures and strong gas kicks recorded at the base of the basalt in 
the 1-33 and 2-33 Yakiaa Minerals wells. Interbeds only a few hundred feet 
uphole contained al110st no gas. Nonetheless. some leakage aust occur over 
long periods of time. One possible source of the gas in shallow water wells 
throughout the northwest Co1Ulllb1a Basin 11ay be upward migration through the 
basalt. If so. escape of sas through the basalt lll.lSt occur at an extremely 
slow rate. 

Other rock seals rust exist below the Columbia River basalt because 
Shell obtained and tested gas fro111 several lower zones in the 1-33 Yakima 
Minerals well. Possible rock seals include sills and flows of the Teanaway 
basalt. welded tuffs in the Ohanapecosh Formation. and sh~les in the Swauk 
and Roslyn Formations (see fig. 2 and table 2). 

Traps 

Structural. rather than stratigraphic. traps have aiways received first 
priority during initial exploration of undrilled basins. This is especially 
true in the Columbia Basin where seismic techniques will not penetrate the 
basalt and magnetotelluric data give only general approximations for the 
thickness of the sediments under the basalt. Although the structure of the 
underlying sediments may differ fro111 that of the basalt. surface anticlines 
are the obvious first choice in any exploration effort. 

Shell drilled its first four wells on relatively simple anticlines away 
fr0111 thrust faults or other c0111plex structures. The sites are folds with 
western closure and align with Tertiary basins that project southeastward 
under the Yakima Fol~ Belt. Plate 1 shows the positions of these folds with 
respect to margin geology. These sites were probably chosen to ensure a 
thick sedimentary sequence under the anticlines and to limit the influx of 
volcaniclastics fr0111 the Cascades to the west. In addition. these sites 
appear to avoid possible complex faulting along basin (graben) margins. 

A second consideration may have been an attempt to sample the geology 
on both sides and on top of a major. pre-basalt high--the Naneum Ridge-Hog 
Ranch high uplift (see plate 1). This structure begins northwest of the 
basalt margin and includes the Leavenworth fault system in the Swauk Pass
Wenatchee area. Here. pre-Tertiary basement rocks and Tertiary sediments 
are fault-elevated in a southeast trending ridge system. The fault and 
ridge system passes under the Columbia River basalt forming the Naneum Ridge 
anticline. This fold turns south and. at the surface, becomes a cross fold 
running through Whiskey Dick, Manashtash. Ulltanum. and Yakima Ridges where 
it apparently ends just beyond Rattlesnake Ridge (plate 1). 
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, The.ShelJ 1-33:.,and 2-33 Yaki11& Minerals we11s·.testecVthe pre-CalUllbia 
R1ver basalt,,rocks west ·o~· ... the 1-29 Bissa· roc1cs .on~~ :of, arid the- .. • 
1-9 8N Saddle Mountain well rocks east .of the postulated pre-basalt 
st~c:tµre. · T"9 1-33·:w 1-9 wells present additional .advantage. of testing ~ 
for P0S!ible 'stratigraphit pinchouts against the high, while the 1-29 ~sted, 
for long-distance • igratfon of hydrocarbons upward onto the -·crest of the 
cross-stn;cture (fig. 3). · · · 
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STRATIGRAPHIC RELATIONSHIPS 

REGIOML STRATI6RAPHY 

Pre-basalt rocks that crop out along the ColUlllbia River basalt •~in 
are known in IIOderate detail. Tabor et al. (1982. 1984). Gresens (1983). 
Walker (1980). and Barksdale (1975) describe these rocks and include 
discussions fr011 all previous investigations. Detailed discussion of these 
rocks is beyond the scope of this report, but the sedimentary rocks 
adjoining the basalt margin can be fitted into three distinctive tectonic 
and depositional depressions: the Naches River •basin• containing priaarily 
volcaniclastics derived from Cascade Range andesitic rocks, the Roslyn 
•basin• (Teanaw~ River block of Tabor et al., 1984) containing primarily 
deltaic fluvial sediments, and the Chiwauckum graben filled with locally 
derived fluvial sandstones and shales. The •basins• are separated by fault
bounded highs that contain thinner sections of Tertiary sediments and 
exposed pre-Te!"t:iary rocks (Tabor et al. 1982, 1984). A fourth area, the 
Methow graben, while further removed fr011 the basalt margin, contains the 
closest known surface exposures of Cretaceous marine rocks. A correlation 
chart for the above areas and a brief stratigraphic description of each rock 
unit are given in figure 2 and table 2, respectively. 

It is important to recognize that Tertiary fluvial sediments associated 
with the basin margin are very difficult to distinguish in field and hand 
specimens. Correlation and separation of these rocks is usually made on 
gross features over large areas, by dating of tuffs, and by stratigraphic 
position. Detailed sedimentalogical analysis and thin-section work is 
s011etimes helpful. Therefore, correlation between well localities, as 
discussed below, involves a certain amount of speculation. 

WELL SITE STRATIGRAPHY 

Mud logs and various wire-line logs are uvailable for the 1-33 and 
2-33 YaJcima Minerals and the 1-29 Bissa wells, but little or no information 
has been released for the 1-A Moses Lake and 1-9 BN Saddle Mountains wells. 
Table 3 contains the fonaation picks for these wells and figure 4 gives more 
detailed stratigraphic descriptions for wells that penetrate the basalt 
(coaaents for each well are given below). 

Correlation of individual sedimentary units between the 1-33 Yakima 
Minerals and 1-29 Bissa wells, using wire-line logs, is extreinely difficult. 
This was expected because fluvial and deltaic sediments change lithologies 
laterally over very short distances. Final correlation was made using a 
cOllbination of wire-line and mud logs and by matching coal-bearing sediments 

. between wells (fig. 5). Radi011etric dates on tuffs encountered in the wells 
would aid in correlation, but these have not been released by Shell. 

I"" 19 
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Table 3. Rock Units Cut by Deep. Wells 1n the 
North Western Colab1a Basin. 

Depth {ft) Rock unit Depth (ft) Rock unit 

1-33 Yalc1• Minerals Well - 1-29 B1ssa Well 

0 . 0 
CR8 CRB 

4.930 4.570 
Wildcat Creek Roslyn 

6.610 13.610 
Ohanapecosh Cretaceous 

9.n6 14.900 
Roslyn Granite 

13.278 14.960 
Teanaw~ 

13.980 
Swauk 1-A Moses Lake Well 

15.728 
Shear Zone(?) 0 

16.080 CR8 
Swauk 6.979 

16,190 

2-33 YaJd• Minerals Well 1-9 BN Saddle Mountain Well 

0 0 
CR8 CR8 

4.940 11.485 (?) 
Wildcat Creek Sediments 

s.604 15.000 (?) 
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1-33 Yak1aa Minerals Well 

Shell bypassed approx1Mtely 1,500 ft of basalt by dr111fng 1n the 
YakiM River C&nyon; the overall basalt thickness there is &bout 6.000 ft. 
Several thick interbeds were encounterl!d near the base of the basalt that 
should be included as part of the Ellensburg Fonaation. Ont or bo IIUdflows 
were penetrated directly beneath the basalt. These IIIY belong to the 
Ellensburg Formation. but are included here with the Wildcat Creek sediaents 
because they interfinger with lavender and red shales c011110n to Wildcat 
Creek rocks. 

Ho Wenatchee Formation rocks are thought to exist in the 1-33 Yakiaa 
Minerals well. Wildcat Creek sediments are approxi111tely the suae age. are 
110re tuffaceous, Ind exhibit d1st1nct1ve green-red-lavender 110ttl1ng. 
Surpr1s1ngly. th~ Ohanapecosh Formation (related to Cascade volcanisa) 
extends eastward to the 1-33 well. The closest surface outcrops of these 
volcan1clastics are 25 m1 to the west. 

The Roslyn Formation contains a large l"IUllber of coal beds. 110re than 
those exposed at the surface at Cle Elua but less than encountered during 
core drilling of the Roslyn coal field. This report divides the coals into 
five groups. A through E. for use 1n correlation between well sites. On the 
basis of studies perfonaed by Walker (1980), only the upper and part of the 
middle Roslyn is present in the well. 

The Teanaway •basalt• (now called Teanawe.y Formation by Tabor et al. 
1984) is present but no basalt flows are encountered 1n the well. The type 
Teanawe.y contains only 1~ lava; what ret1ains is tuff, brecc1a, and other 
pyroclast1cs. 

The Swauk Formation is encountered at 13,980 ft and the well probably 
bottOIIS 1n this formation. A greenish-white serpent1nized zone, probably 
part of a shear zone typical of those found in Hanashtash rocks to the west 
around Manashtash Creek, is found between 15,728 and 16.000 ft. The 
Manashtash Foraation is considered by Tabor et al. (1984) and by Walker 
(1980) as age-equivalent to the Swauk Foraat1on. The shears (Walker 1984; 
Tabor et al. 1984) are associated with a series of pre-basalt fault zones 
that trend southwesterly toward the ColUllbia Basin center. The shear 
encountered in the 1-33 Yak1aa Minerals well suggests that one pre-basalt 
structure • ight extend 30 • 1 under the Yak1111 Fold Belt. However, the 
relationship bebleen this shear Ind the overlying Selah Butte anticline 1s 
unknown. It also is uncleur whether this shear aligns with those mapped 
along the basalt aargin as part of the Cle-El1JJ1-Wallula-Line111ent 
(CLEW)-Straight Creek Sple.y System (Tabor et al. 1984). 

2-33 Yakima Minerals Well 

The 2-33 Yakiu Minerals well is drilled only a few hundred feet from 
the 1-33 Yakiaa Minerals well and. as expected, correlates al110st exactly. 
ftldflows are more abundant in this well. One lahar contains cobbles nearly 
2 in. 1n size. The well bottoas in Wildcat Creek sedi111ents. 

- ------- - --------------
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1-29 Bissa Well 

The 1-29 Bissa well passes fro11 ColUllbia River basalt directly into 
Roslyn forMtion. confiraing a pre-basalt high aligned with the Naneua Ridge 
cross-structure. Based on the correlation shown in figure 5, this well 
contains 9,040 ft of Roslyn ForMtion w1th no Swauk Fonaat1on present. 
Walker (1980) indicates the thickness of the Roslyn Formation tn the 
Cle Elua area is nearly 9,000 ft. In contrast, Bentley (1983) assigns a 
Roslyn Foraation thickness of 3.800 ft. placing the Roslyn-Swauk contact at 
8.400 ft in the well. This report aaintains that the entire sect1r11 is 
Roslyn Fon1ation and that the Swauk Fonaation is missing for the following 
reasons. 

1. No Teanaway Fonnation 1s present. 

2. Black shales cc111110n in surface Swauk Fon11~tion are absent. 

3. Sandstones are cleaner and more quartz~rich than typical Swauk 
sandstone. 

4. The total thickness approximately matches that of Walker 1 s Roslyn 
Fonaation at Cle Elu•• 

5. Wire-line logs between the Swauk Formation in the 1-33 Yakima 
Minerals well and sediments in the 1-29 B1ssa well show absolutely 
no correlation. (This is. however, often the case in fluvial 
sediments.) 

In keeping w1th the concept of a pre-basalt high. it 1s tempting to 
interpret the lower Roslyn Fonaat1on as Swauk Fonaation (a slight increase 
of dark shale does occur at approximately 8.840 ft). but available evidence 
does not justify th1s interpretation. However. even us1ng a 9.040-ft 
thickness. the base of the Roslyn For•ation 1n the 1-29 B1ssa well is more 
than 2.000 ft higher than in the 1-33 Yakima Minerals well. 

The f1ve coal un1ts indicated in the 1-33 Yakima Minerals well 
correlate reasonably well w1th the 1-29 Bissa well (see fig. 4). On th1s 
and other gross character1st1cs the Roslyn Foraat1on 1s divided into lower, 
•1ddle. and upper .aellbers. 

Marine rocks thought to be Cretaceous 1n age were encountered by the 
1-29 81ssa well. Dark brown and black shales conta1n1ng a few th1n 
limestones and ore sandstone occur fr011 13,610 to 14.900 ft. While the 
Mesozoic Ingalls metamorphic complex crops out 25 •1 to the northwest. the 
closest Cretaceous marine rocks are in the Methow graben far to the north. 

Below the marine sequence. the well bottOIIS 1n gran1tics. It is 
unclear whether these rocks are related to either the Stuart batholith or 
the granitic megacongloaerate at Mission Ridge near Wenatchee. 

1,..... . 2, 
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1-A Moses 'Lalce Well 

Dr1111ng of the Snowbird Resources 1-A Mose, Lake well ,11 riresently 
suspended at a depth of &.979 ft awa1t1ng ffnanc:1al b4ck1ng_i.o conti.-..e· 
drilling operations. Little 1nfonaat1on is available on this well, but the 
owners have 1nd1cated that the well is st111 in ColUllbia River bualt. 

1-9 BN Saddle Mountains Well 

Although very little data are available. local newspapers have 
indicated that the Columbia River basalt 1s 11.485 ft thick. The well 
encounted sediments of unknown age to at least 15.000 ft. 

Shell C011Pleted dri111ng the 1-9 BM Saddle Mountains well after 
reaching a depth of 17,516 ft. The well was tested extensively for several 
110nths as a gas .,roducer but was pronounced noncoaerc1al and abandoned 1n 
October 1984. Wire-line and mud logs for this well will not be available 
until March 1986 • 

. ·• 



-~, .. ... 
Rockwell H•ford Ope,:ations 

SUPPORTING DOCUMENT 

TESTING PROCEDURES 

This section describes tests and analyses run either during or after 
drilling operations to detect hydrocarbons. Discussion of the test results 
of each well follows this general description. 

TESTS COll>UCTED DURING DRIUING OPERATIONS 

Mud logging 

fl\Jd logging provides infonnation about potential hydrocarbon-bearing 
fonnations without interrupting routine drilling. The procedure is to 
exuine the drilling lllJd and well cuttings, which provide an accurate log of 
drilli_ng tiae. Logging equipment includes a gas detectior. system, a gas 
chromatograph, an ultraviolet viewer, and cleaning equipment for cuttings. 

Gas Mon1tori~-

The gas detection systea contains a trap near the IIIUd flow line that 1s 
used to saaple aud as it reaches the surface. In the trap, Ill.Id passes over 
hot filaaents. (Shell's 111Ud logs call it the hot wire.) Gas readings, 
recorded on a strip chart, are shown as gas and air concentration units 
where 30 units• 1% gas in air. Because of ch1n9?s in IDUd type and suipl1ng 
methods froa well to well, however, gas shows in one well usually cannot be 
related to those in another well (or formation); that is, correlation by gas 
kicks is not possible. The graph for a typical gas kick due to fonnat1on 
gas in the 1-33 Yakima Minerals well is displ~ed in figure 6. 

The gas chr01111tograph measures the mud gas content by analyzing the gas 
from a specific volume of mud. The s4111ple is usually collected by injecting 
steaa into the aud to drive out the hydrocarbons. After the s4111ple is 
collected, it is placed in the chr01114tograph that splits the gas into five 
fractions: Cl, methane; C2, ethane; CJ, propa.-ie; C4, butane; and CS, all 
heavier gases. The gases are shown separately on a ~trip chart so that the 
relative increase of each gas can be detected. Strong kicks are recorded 1n 
parts per • illion and compared tc a calibrated background gas content to 
give a CQIIParison between zones (fig. 7). Toxic gas such as hydrogen 
sulfide 114.Y also be monitored; all excess gas escaping fr011 the IDUd or 
formation is flared during drilling. The chr011atograph can also be used for 
advanced techniques such as detenaining shale density and water-oil 
contacts, which are not discussed here. 
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The. well 109s show a rumer- of saaller ticks variously libeled 
C0i• ied1on (com) gas and trip gas. Connection gas. foraed ~ a section 
of pipe is- added to the drill stm. can be used u a tool to rti•te 
f01"'111ltion pressure. When a gas kick oc:cun during a connection. it 1s 
beause exposed f01"'lllltions are releasing gas into the borehole due to 
reduced bottoll hole pressure. Sall kicks are expected. but large ticks 
indicate that an increase in auct:density is required before contiruing 
dr1111ng. Figure 8 shows exaaples of conn and trip gas in the 1-33 YakiM 
Minerals. 

Trip gas occurs when the dr111 string 1s pulled fr011 the hole; the 
swabbing effect of the aoving drill string pulls gas into the hole, creating 
increased gas shows in the 11Ud log. 

Cuttings Analysis 

Cuttings are retrieved fr011 the shale shaker at specific intervals 
(2 ft in Shell wells) to be washed and identif1ed. Part of the cuttings are 
described at the well site (the logs released by Shell) and the rest is 
shipped back to headquarters for a detailed analysis. The reaaining suples 
are identified as to rock type. color, texture, grain size, ce.ent, and 
porosity. Each saple is plotted on the IIUd log using industry-wide 
standard syabols and abbreviations (fig. 9). A C01a0n problea occurs with 
downhole cave-ins that contaainate the sample and 11ask new fon11tions. Solle 
operators run a continuous sand-shale ratio to aid in separating units in 
very soft rock for111tions. 

The suples are exuined under an ultraviolet laap. Hydrocarbons are 
separated fr011 any fluorescing • inerals by leaching the cuttings with a 
solvent. If the solvent also fluoresces. oil is present in the cuttings. 
Fluorescence fr011 grease and lubrkants used in drilling rig 11aintenance can 
give false s~; camparing grease saaples taken fr011 tn~ rig will help 
avoid an error. 

TESTING CONDUCTED AFT£Jt DRIUING ccwt.ETION 

Foration Testing 

Fonaation (or drill stea) testing can be perfonaed either before 
e011pletion of drilling or after casing is set. In the first three wells. 
•ost of the testing was done after the drilling was complete and the wells 
were cased. In a typical test. the casing is perforated at a desired 
interval and the zone sealed off by packers or plugs. allowing fluids and 
gases to enter the wen bore (or tubing). F101i1 rates and pressures are 
•onitored through a choke at the surface (24/64 in. 1h the Shell wells). If 
gas is encountered, standard procedure is to flare the gas to prevent 
e~plosive conditions and eli• inate tox1c gas. 



•••• 
nockwlll Hanford Opetations 

SUPPORTING DOCUMENT 

··-r~,·7: 
j: .· i :i I 

····+-···· . -1·: . : 
: : . 
. I 

.,_ ·awr-TI-265 

Figure 8. Exaaples of Conn and Trip Gas 
1n the 1-33 Well. 

33 



, . . ,, .... . 
RockMIII Hanford Operations 

SUPPORTING D0CUIIENT BWI-TI-265 

This page 1ntent1ona11y left blank. 



... •... •' 

LOG FORM . 

I . I I 

I~ 
I Ii 

II ~ I I I •I 

H 
' 

t I • • . ... 
..; -- ... -~ .. ... .... ... 
i 

COLUMN l 
,oa•ATIO• TOPS ___u_ ...--
fOOT• OTCS 

FAULTS 

COLUMN 2 
POaOSITT TYPCS 

•• 

• • 

' ' 

-

....... ........ .. _ ......... 

. . 
~+.J: 

a ••nacanTau ... -. ••T•••..,._.._ • •••u---..., .... -
•T•••••••••T&&. 

, nae,...• 

, 1. • 

• ••n• Munc. •n•H&.U. .,... __ .... ·- .,_ • IUTII.,...._ .... , ,.,. ......... 

p --T-•le"l-tll-
J --

COLUMN~ 
OIL s•owa 

----• n•an•a-..,_ _ ..-. ____ . ......,._ 

ITMR NIN• T N HAI• NIN•T . ,_..__,_ .... _ . __ ._.,_ ......... . -.-.-......---·-- .... _..._., __ ___ ...... _._ .. __ _ 
.................................... 

COLUMN 4 
PoaosnY •••••s 

'"· ......... - ........ ..... .h ..... t ft-••-_..•---..-. .. ...-.. ,_ ... , ... __, 
....... 1 aaa-ff'l - --, 

.. __ • • •I• ffl I•---• 

-
A 

-• 

; 

UM 
. 
• • I • • • • I . 
• 

I I 

-

I 
COLUMN 5 

aoca TYPE 

jO •9:f'I 
111a•1cs1 

~~§t¥:~ 
I I 
pg 
e---- I 
i ;-:::) 
F rl 
•'•'•'' g 

.... ---....... --. ... ....__ ~----------- ·--- L ••••h 
--.. -····-·· 
-• L----_______ ..... 

~~ ~ 
~ -.<: 

C3 
(icil 
l§!I . 
CTJ . 
CZ] 
CD 
[§3 
~ 
lliW 
[BJ 
G:) 
1 1 
ca 
[iii) 
CS) 
CD 
[!!] 
(fil 
~ -
C!!:] 
[&) 
CZ] 
(Kl " 
CT) 
~ 
OD 
[!!] 
CD 
~ 
i=I 
12 
OZJ 

CE ......... 
ClCJ c.... 
~ NUat'N 

C1SJ 
__ .. 

L & 

L ..... ~ ..... ... 
QC) Hall. 
Cm) .._, ....... 

...-n••- Cc] ........ .... ..... , .. ,_ [A] -- .... .-&Ill- ~ ~ 
llllNfttl ~ ~ 
IUICQI.--- CE -..... CD ...... ------- ,~, ..._ 
Plfl.i..- 0::0 ---u~ c:::n ....... , --.. -~--au .. --------- CD -,ra 
~ ........... ~ ...,.. ___ 
cauaa- CL) ..... NUfll•PIII.III _ .. __ ......,.._ 

CslJ _. ... ,_ .. , ......... ----IIW.* C IM nAIIIWOII• AL-..& 
..-11.. ...... [!1£1 l&IU1AI - - (TE) -_.._ ....... •-t-·- ......... .-,ccau.~ 
,-uNNLUft 
,.. __ --• ,.,un ,._ 

I l 

HI I .... -... MISCELLANEOUS 
-" ........ €¥¢i,§ uatl rwtlUHT 

i SS SI 
W/l'#A 
VllWJ 
~~ 

- L_-. ...... -• ---·•--•11 t><.) • .-n 
I \ ? Z I c-. •rn"n . ...._ .... 

e 
~ rm 
AH 

---· --... ---------lat -. ..... ---... ......... -
COLUMN 6 

caYSTAL. ••• .... ir••--••T aaza 

._ .. __ ..... _____ ... 
1U I ....... ..... --_, ..... ...-----------

'"• _....,. .. .._... ... .-n MM& _,...._ ___ __ 
-•----~ 9-y__ _...__ ...... ,... -•----------__ _...__.,_ c-.. 

1 M ........ ., • .,., • ._ 

TEXTUaES 

le: LJ ••••n 
!c! 11 cum 
!L! 11 UINll-
8 , I CIIP'9aTIIAll-

COLUMN 7 
• ou11••• 

a .. ...,aa . -"· ........ 1.,1 • • ••••••••• 

COLU- 8 
s••-

I 

COLUM~• 
F• a ..... , 

.... .... ......... .. ....... . .............. . 
,. • ...._•a aane •nwcu uaana .... _ ..,. • .,_ -
Pit...-, ,,._ hi.I.I• N • aTUIAI. .,..._ A•- I.ISL UIIA• IC ••PeaffS ...._. All c•• MNN9 AS raa• t-•a -T•I• •••••-•-• ......... ·••···"·".. -.... " 

· ~ II\\ .... , 
a M ~ . ~ 

COLUMN 10 
DISCllll'TIOII 

• "' • aM 

' "' • "' • "' 

• iM' .. --IT-AMI 
WTI.PIITAT-

' _ ......... ". 

....... ·-···- ... , CA• NT •1 "IH• TI• W eel.•- I 
T•• ...... LL ••1.•a. aNCWM ···- -•To,tcane, "-· e• ~ .... IATtoll,, a&IHIU. •TIIMIHL ITC. 
el~ ff •• S a• c ......... n .. ..._ _, I • .... 

•••••••m• , .... ....,. .. - .. _.._ 
T'fN 

• • l ,HN• an•• 
• ••••nu,.. 

acc•ea•• Cl• l • TA7-.... _.. 
• • IUTITAI.UIAnN , , ...... _. • Ill.tea 

• • &11.W 

, uu-• C CAI-AH - 01• 111 ...... 
• ... , • .. • · tft 

• .., • - C 

• Ml. T - ' • ... • -
COLUMN 11 

D• IU. HI• • WIHLIN& TCST aUULT& 

I .,:.a IIC"'" 

I eu. accew11T .,.. 
,!_ WAH• alCffH• 

I ua. 9" • wane 11ceHaT 

COLUMN 12 

...... 
·•I I 

OalU. ST&• • W•• CUIIC TCST IIITC• YALS 

0 NIU. ffl• HIT WTIH ... 

4 wtea.lal TIITI• 1••1 

COLUMN 13 
co••· IIITC• YALS 

I c .. ,. WTIIYAI. 

4 ... IWALI. U • I 

_ .. _ 

Figure 9 •. Example Chart of Symbols Used 
in Well Log ~alysis. (sheet 1 of 2) 



• "\> ,I 

.. ...,,, ..... COMMON ABBREVIATIONS SI Iii 
s,.t &led) (ty) Slit 

• At ... c....w ... ~ ... ...... .__..,_, .. ~ - c- .... Gnalle - "-- s.-.. ... , ..... 
s,e,m, ... Ia T_..!!!t!I .,. .. AIIMe - C-.loalary) ""'·· Gnalt• ... 
Slfl11mse,O,m 111d rew,ttsn "'1f ldl ~ _.. c:-tloldal ..., GtMly • OIi 

=- All• c- C--S.nt ... G, ..... - 0cc ..... 1 s,wrie ... Tatw1 "" ....... ., ... -t• C....IIIINted ff G,q ecll Odwl ,,.....,, llla Dlmlll!l!I ... 
Ate A.-Clll ~ ~ .,. G~O'-) .. cw- s-... .. Tllkll .. Alt ... Cl-I, Cet Cetal .,. .. ~ .... OhlM .. s,w.,, .. ,... I Wldl ... "-- crW c.tle-• t• - o.c.Ml• ... s,.,e .. • ... - Aa1et,11, .. Crl11 C...Wlal) .... ...,.. - Oea•l(lc) ... ' Ill Sett, .. , ""9) ... ... ..... -- AmeNNn - c- .._ ........ ,(le) .., OeUll(lc) ..,. • SIMlt- ~ Ir ... W•II ... AaeNt ur•I ~talllM .... ........... - 0.-WCk) di .. Slfslmd• wtW ......... ... ~ dd c-ted .. ...... .. ~ • ... ~ .. wt, W.tlf ..... ~ .. etc C.-tact llet.W lllt•.,h h ... 0,,... ~ ... Sul• (Id) (i"t) T,antr1 • ..., Wawy .. , ~•Ckl nt c.-,. 11,tJ ...,........ ..... 0re"II :r * Slreell TlllltCt,) way W.•y ... A..- ~ Cnd4PP1ia 11.y ~ ..0. Or1llecllse .... 5erilltlf T..., • ~ ~ 

..,._._ a.a o•t,--, ... .. ,. senet .. Tllff- .. c.-• ., .. .,,.. ~•IMete(ly) dd Deed ..... o-y..tll .... se- · se-tepo,c,Nt .... c:.-• , .. .,. AltlJ)ac- deb Debtls It ....... • • Oaldlnd II ....... ser-telite ~ Ullc• M •Mdated .. ~...., .... Arpllte clecr Oecr-(1-.1 l...w I ........... ... ltn.c 5mtct.,. -'deat U..W-lfl•ble .... Croaah C f .... Arllll• roe) dffld Deftdrlte (le) . , .. .,.. . , ,_(ty, llliy ltyl Stylollte (le) .. Upper .... Aaphalt(lc) dfll DIMcutie• IIICI , ...... c.--, tl!I ti!INtS!ti!D •II ~x!.11 SlrJiRllDI ,.. 
Y•--dilffl Diueffilft1ted IMt '-I-.J ,w ....... attat - S..C,Mic • Vwy ... , ... 11. (le) dk 0..11 (er) lftd 1..i11rated ... ....... •'tr .. s.p,y - V1tl•ble - 7-•nle bcffl eec-p-.) d111 O...W(er) ""'" 1..ilellact ~ ..,..,,........ 

11111 ,.,.f Swfac• .eel V1tlcolond Ill 2.1M bd led dol Doi-It• (le) !!!ti l"9S!!l!'!!O --- ,.,_bilily .. ~,.!!!it b1iDtum - Vesicvlar bdd Bedded dol1t Dolo1to111 lfttbcl l"'ertledded ,.. r.t, ... (If•-> 
bcl•y• ....,. dny On,w (y) h1td latradut (1) pllcK "'°"""t• ric> 

ENGINEERING ABBREVIATIONS belt ledcl"'t dtrl Detrit,I 1111) ""''" lllterfr ........ ,-so f'ilolite roe, 
I!!!!!. lt!!!!!!'iSD i11tp111 1 .. ..,. ...... ,;t Pitted 
bellt ........ ric1 Edi Edli-Nt Nil,-• 1--.,-· ~ ...... A.OF ......._..,...now GCM .,,a.1 ...... ,.,, perfo,ated bf Buff ... 0-.,t• 1nt11 ... laterta ..... ted .... Pl-.;oda11 GCW .,,._t_ ,0 ... , 
lliocl Bledntic ~ tl!!l21!!X!J i•tpl 1 .. t_et,tio• ,i,s "-ltic ... ,, Mitl.- llole flow prlllWI GAP ....... •irblow PH ,..,_, 
beet Biotit• euhecl [.....,,., llltr .......... r-, Plcy .... ,peel ..., ....... 11o1e...-1 GIP toedWtlelpWI ,... ,-ell• blott,rb 8iotwbatecl wwnR!I bu .&mllbiaw illt1tl l•tentitiel pl ..... IHSIP llllottiea 11o1e llwt 111 ""-• GOR 91HMM!ratlo, psi ,-.ds per 14-. i.-11 bit 811-(i-) '""' .... _. pity ,..,, 

IHT W...llolet-~t-• GR po...i bl .,._. (It'll Fifte (ly) '"'•' .,.._,.wu.. pol Poliell , ... , 
80 ..,.,.eloil GTS 91111-face rec --bldr ......... (25'ffl ... •) f1u F•u111 .... ....,... - ,.._(lltw) 
IOPO ..,.. of oil per cuy IIY ,,,., RT IObt}'ubl• blk llack Fe l,011-F 1tnttke111 lrid lridltnllt pol ~(ility) 
IOPH bwnh of oil per "°"' blky llecl&y F..,.,... F..,....,,,.....,. I!!!! t!l!!!l!.!I ~· ......... 
Ma ~ HO h...,eil SAS ..,....blew blld 8alld (ed) l1111t F.,,..tr,I ,. ... "1id1•i•••t (Ir) 
1W ll•nwlaelwatw SGCM IIIJM1•1co,t ~ boudt .... ~ F .. ,t lr0Mto111 .... KNJi,i ,. .. ,.__. 1,11 ... , 
IWPO bwnh el watw per day IAB initl•l M blow SGCW slitM 11• cut_,_ Brae .edliopod l;b Fibrou1 """ ....... , 
IWPH IM,,t9hefwater per llour ... i11;u.1 ,,.,uctlon SI -.till brht BrllKhi"t Iii Fiuile ""' U-iNled "" ,._ (1tic) 

SIi' slltltillp,---b,.c Breccia 11ec1 I fl Fill led) ... La,,eader "'' 
.... ,., 

cir• drcalat• ied) (tlo11) K8 k•., !Mnhi"'J so "'°""•foll bri Britht fld Fetch1Mr (1hk) kM LaedMd ,rob ,._beble PY) 
di cllel,e S01.G ..... fool and .. brit Brlt1le Ilk Flake ... Laalil (UN<) ,,_ ,._,_ PYI -.. -pleted (tlo11) loc locatlotl S01.W ...._ofollafld...,.. brd Bored flky "'-ky lit Upit• (le) rr,., .... ,.,,, .. __, LSO ,.,.. lllbcl i,,1111)11 SOCM 11iia-1 oil cut __, br• ..... llor Fl_,_ lit!\ uu,.,.,,,.ic ,ad• 1'11,ode 

socw lllthtoil Clllwatw 8ry 8ryozo, "' Fl"" ..... u,.o.ile ric, pl h,t(ly) Cit a..,. 
bulb lkolMUI flt F1ult (eel) lfflpy L-py pie!\ l'atdl (11) MCFG th-lld cubic feet of 111 lqZ ... ~ 
bur 8Ufrewecl 111, FlcNti119 , ... , u-, ,., h,tiolt (0) ..,.,....,, MMCFG millioll cllble i Nt of pl sso llltht show of oil 

1111 Faitlt(ly) ... ~,-, ,.,, ""'"' D&A dry 8ftd aballdoMd MCO ffl..clatl oll SW ultwat• 
C Cc.r11 (ly) For,"' F0t1ffli11ile,1 1, u-nt, ... ~· ..,.it, ric> Cindi ... thcnnlt1t MCW m..cl cvt wete r . .. bcl ,.,bl>ed 
• c ... 101 F011il (if•oUI) ... looM py,bit 

..,. .... _ o,r derridifloof 
ulc Caldt• ,.,_, fr F1ir lstr ~ .. pyra• ,-,.o•- .... dist .... 01.G oilud111 T.O. tot.I deptll 
c,,t) Ca,1HH1ec- frac F,Kt..,• led) It Utlll (er) .,., ..., 01.SW oil....iult-t• TSTM toelffllllte__.. 
tlMlb CllsiJIIIIHn f, .. Fr.....-1 C-1) qta Q,oerta DST .... _,111 oc oilQII btt 1111"'1 
cbl CMble (64-H6 .... , fr i Frlabll ,. .._ ..... qtac Q,oa,uitic OCM oilcul_..., 
Cepll c.,.1opod lr-k Fr-•k ...... Mapellc qt.a o-tiroM ... ...... , ... OFM .. ii flecked ~ v.op ............. 
&ti c....,-•t• frOI Frolled ....... ....... it• qtat 0-tril• op opa 
Q!m ~ F111 F111uli,.... - ...,._ 

""' taialalrblow OTO old total depth (W) wildut 
d\11 °'8lcldO"Y f.n1 wm!1!1 - ......... rid Radiate (iolt) '"· tair •irlllow OTS oilt•-•au WAI _ ........ 
Chara °' ...... ,.. _, .,..t.,lel.-tte• rel R ...... led) "' ....... ci-., owoo old _. ct,llled dffPI' WCM wetercvt •ud 
chit ci..11 .. ,-, • Good .... .... _phic Im f!.!!!!!1!I ,, ,.....,,_..,,. OWf'II old well plUftecl badl WIP -11 lnitlel ,...,. 
dl6, Chalk IY) ~ Gt.!n!l!li Ma Mica, ... , repl Replac•ll-,l t-"') awwo oldwell-'aad- wtr water 
cNo, Clllerite C:..11 G,1tropod Mic Micro rlld R......_(al) 

fa.ocw ...... wtr c...i. •• ,., cus11i... 
d>t C'-1 til Giho•lt• ... , Milky ,.., Rte'Jlllllin C-tioft) .......... , .. , ....... P8 pl ....... back dlti, Cherty w ~ "'"' ..... rhfflb Rho ... r.c> 
Chb ci..u-aoa .. Gla11 (Y> ... ... 1 .. ,_ .. (ind) , .... R-1•1,...t> 

MECHANICAL LOG ABBREVIATIONS d Claltic ..... Gl...conlte roc) ... .... Mift"1e rr fbre 
d• OM• ~ Glo~ ..... MolllllU nM R..._... 
dr °"' t101 Glo11M _, Mottl..S ,thy E,rthy IHCS ._.,. .._.. _,..,._,r,; IOM ES electric ML Mictoio._ Miflilo9 d• Clvller '" G,_ -111 

...,, .. _ 
'"' RUIOII (R.,...u) Cal caliper IES lnct..ctiell eledric MLL Mktolet-lot dy c. .. , ,.,, 

"" G111iu _,, W.,ly 
CN ca•,:ewted ....,.,,'!':-. FOL for-tio,, dffllity lot N ...... , ... dyll O,ytt .... 

" Gr,i. 1ec1, - ,...._,ic I S,,.,11 DI ............... lot GL ~lot s IOllk_ ICOWtilot cat c-.,,tled) '"" c. ........ ... .. Mitri• II s.tt on. ...... -«Nctlo• lat•olot GR .,_,., SN,. 
tJd-111 """'·" ......., ... UICII C-""ric Gr,p Gr1plolil1 MV1C MVICOWltl - Sall ult lie) 

DLL ........ , ..... LL latltOlot SP ... 111,-..... ,-.. &Rtr C•t.. (ed) pd G,,cle (eel) s s.,ip1, ... 
DL ._..,lot LU .......... l'1.. ,, •• i,,,11, ... col c.a. 1eo11 trdt G,,di ... " No.- l&p Salt,.,._ 

Figure..9. Example Chart of S,-t,ols Used 
in Well Log Analysls. (sheet 2 of 2) 



When testing follows dr1111ng. the zones are checked 1,, sequence fY'OII 
the dees,<St upward. This allows sealing of each lower zone to p1 event 
upward leakage of fluids and gu. Before testing. zones are often treated 
with acid (acetic or hydrochloric) or are ~au11cally fractund and 
p,opped with saall spheres to 1111>r-cve per11Hb11ity. Table 4 shows th! 
results of tests in the Shell wlls. .. 

W1re-L1ne Logging 

After each drilled intenal is C011Pleted. and before casing, wire-11ne 
logs are run 1n the hole (soae logs NY be run in cased holes). A wide 
variety of logs are available. each with specific purposes. Tat,le 5 lists 
the logs run in each Shell well. All logs were not run f1"011 top to bottca 
in the hole. It is not the intent of this report to explain well logging 1n 
detail. but Table 5 lists the coaon uses of each log run 1n the wells. 
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Table 4. Resu1ts of For111t1on Testing 1n Shell Wens. 
Well Interval foraat1on &as Fluids Pl-I•~ Ac1d. 101 ' (ft) (Mcpfd) (bbl/d) (lb/1 acetic (gal) 

1-33 15.540- Swauk S..11 - -- 3.200 Yakiaa 15.466 aount 
Minerals 

13.568- Roslyn- 570 5.400 3,250 --12.976 Teanaway water 

12.460- Roslyn 500 - -- 7.560 
12.350 (drop + hydro-

to 150) fract.ure 

11.686- Roslyn 75 -- -- 7,500 
11.564 

11.286- Roslyn 85 -- -- 6.700 
11.162 

10,930- Roslyn 10 -- -- --10,604 

8,040- 0hanapecosh 27 1,700 -- --' !,535 water 

5,880- Wildcat Sllall 1,030 -- --5,770 Creek UIOUnt water 

2-33 5,397- Wildcat 50 -- -- 6,000 
Yakima 5,360 Creek 
Minerals 

5,322- Wildcat Small -- -- --5,282 Creek aaount 

5,174- Wildcat S..11 -- -- --5,133 Creek UIOUnt 

1-29 10,898- Roslyn S..11 -- -- 20,000 
81ssa 10,314 uount 

9,830- Roslyn S..11 -- -- --9,436 amount 

8,800- Roslyn Saall -- -- --8,486 aaount 
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Table 5. List of Wire11ne Logs Run 1n Shell Wells. (sheet 1 of 2) 

1-33 2-33 1-29 
Log type* Yalt1• Yak1aa 8issa Use Minerals Minerals 

well well well 

Dual induction Yes Yes Yes Effective porosity. 
peraelbility. detect 
fluid in thin beds 

Borehole a.pensated sonic Yes Yes Yes Total porosi~. 
seisaic surv~ 

. 
Neutron foraation density Yes Yes Yes Relative porosity. 

lithology, gas-water 
contact 

Non-coapensated dip aeter Yes Yes Yes Foraation dip and 
strike 

Natural gaaa spectroscopy Yes Yes Yes Lithology, 
shaleyness, 
correlation 

Proxi• ity • icro log Yes Yes Yes Locate thin per• eable 
zones 

Repeat foraation tester Yes Yes Yes Mini drill stem test. 
test for fluid 
content and pressur<! 

Utho density Yes Yes Yes Specific gravity of 
rock, porosity of 
shaley sands 

Cyber look Yes Mo No COlllpUter run. 
effective porosity 

Directional Yes No Yes Well h~le deviation 

Temperature Yes No No Detect fluid 
placement during 
fracturing. detect 
abnonaal pressure 

Caliper Yes No No Borehole diameter, 
rock hardness, 
porosity calculation s 
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Table 5. L1st of W1re11ne Logs Run in ~11 ~11s. 

1-33 2-33 l 29 Yaki• Yak1• -
Log type* Minerals Minerals Bissa 

well well well 
Use 

M1crolog Yes No No Locate thin pel'lleable 
zones 

Correlated side wall core Yes No No Correlation. porosity 
and penaeab11ity 

Dual • icrolateroloq SFL No No Yes Effective porosity 
Sonic No No Yes Total porosity, 

seisaic calibration 
Cyber d1p No No Yes Coaputer run, 

cont11'1.1ous dip 
Dual spacing - therul Mo No Yes Porosity and fluid 
neutron decQ tiae data-encased hole 

*Log naaes are trade naaes. 

- -----
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DISOJSSIOI OF T£ST RESUl.TS 

1-33 YMIM IIIIDAlS IEU. 

The 1-33 Yuiaa Minerals well was nearly a C0111ercial discovery. Gas 
recovered frm all zones of the 1-33 Yakiaa Minerals well totaled nearly 
1.3 lllcfpd. Unfortunately. a high water voluae and rapid pressure drops 
were exJ)er1enced (500 to 150 Mcfpd in one zone in 5 d). The 1-33 Ylk1aa 
Minerals well showed clearly that C01111ercial quantities of gas -.y exist 
under the basalt. The results also indicate that source beds are present 
and that reservoir rocks are available at IIOderate depths. The well 
conftnaed that the ColUllbia River basalt is an effective cap rock but that 
other deeper iapeT'lleable rocks can effectively trap hydrocarbons. 

The 1-33 Yuiaa Minerals well data indicate that the Roslyn Fonaation 
is tf1e best reservoir rock for gas but that other rocks are also capable 
reservoirs. including zones in volcaniclastic rocks. Strat1graphically. the 
well shows that Cascade Province volcanic rocks extend as far east as Yakiaa 
and there tnterfinger with deltaic, fluvial rocks. As expected, the 
1-33 Yak1aa "1nerals well alone gives few clues as to the structure of the 
pre-basalt "'!=ks. Although a few insignificant. fluorescent. oil-stained 
rocks were encountered. the well failed to cut thick pay zones or zones 
containing 011. 

2-33 YAICIM MINERALS WELL 

The 2-33 Yuiaa Minerals well encountered gas directly under the 
basalt. Probleas with heavy mud may have prevented this zone from being 
tested in the 1-33 Yakiaa Minerals well. In spite of a very strong gas kick 
on the Ill.Id log. test results were poor. This may have resulted from a lack 
of penneability or saall reservoir capacity. 

1-29 BISSA WELL 

The 1-29 Bissa well should have produced 110re gas than the 1-33 Yaki111 
Minerals well for two reasons: good reservoir rocks (Roslyn For11ation) lie 
directly under the basalt in the 1-29 Bissa well and the top of the Roslyn 
is structurally higher at the 1-29 than at the 1-33 Yakima Minerals well. 
Instead. the 1-29 well produced only poor gas shows. The reason for this is 
unclear; there are six possible explanations. 

1. Gas escaped out of the north end of the Naneum anticline. 

2. High hydrostatic pressure from groundwater pushed gas oft the 
crest of the fold. 

3. A large fault syste11 (Leavenworth or CLEW) prevented • igration of 
gas upward onto the fold crest or leued gas along a fault zone. 
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SU 1s not der1ftd fraa coal in ~the ~~~~ }o~tt~~but'r~ ' 
Swluk. OlllnlpecoSh, or other foraat1~;·110t i,resent J . ·. 1s·•l.1. 

·~ . .. ' ·:.. . ':-: ~. :t . -~' ;. 
5. TIie 1-33 Yakt• Minerals •11 intersected. old stl"elli dllnnels Ol 

atller lenticular beds not pres~ l>Mellth the Whtstq Dfdc fold • 

6. Collb1nat1ons of the above. 

Frm a strat1graphic standpoint, the 1-29 Bissa well ts~iaportant. It 
c:anftr111 the presence of a pre-basalt high and raises the posi1b11ity ;that 
strattgraphtc traps or pinchouts -.y exist an either s1de of the high. In 
addttton, probable Cretaceous aarine racks, including li•stone, were found 
1n the 1-29 Btssa well, the first in central Washington. Th1s increases the 
c:hlnce tbirt artne reservoirs can exist southeastward under the basalt and 
also 11111,oves the chance of finding 011 or condensate. 

One aajar stnu:tural problem involves the absence of Swauk anJ TeanawQ 
Fcmatton rocks here. The absence of these r:c,cks • 1ght be explained by the 
pre-t>as&lt htgb, which would prevent the Swauk and TeanawQ Fanaat1ons fr011 
being -,ostted; however, the Swauk Fonaat1an is involved with the 
le&vetM>rth fault and associated pre-basalt high only 20 • 1 to the northwest 
at the basalt •arg1n. In addition, one would expect the Roslyn Formation to 
be thinned over the high. This is not the case. Perhaps the Swauk 
Fon11tion is Ollitted by faulting; the problem is unsolved at present. 

GAS IN 11tE COUIIIIA RIVER BASALT 

Results ft"OII the three wells indicate that interbeds in the Columbia 
River basalt, including those near the base of the basalt, contain little 
gas, although • any of the lO'JtenDOSt 1nterbeds are coarser grained than those 
higher in the section. This attests to the imperaab111ty of the basalt and 
-.y indicate that interbeds sra not a source of c0:1111ercial gas. The zones 
within the basalt that produced formation gas, after eliminating trip-, 
conn-, and equ1paent-caused gas kicks, are listed below: 

• 1-33 Yakim& Minerals Well 

- 550 to 560 ft 

- 1,300 to 1,308 ft 

• 2-33 Yakiaa Minerals Well 

- 2,450 to 2,455 ft 

- 2,670 to 2,690 ft 

- 2,870 to 2,890 ft 

- 2,190 to 4,240 ft 

- 4,400 to 4,480 ft. 

<. 
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The 2-n·vit1.=. t!1nerals well p~uced -~ .:gis showl ~~ . _'·. : ·:~~ · 
1-33 Yak1a.tffnerals •1l. ·becauSe>11gh~}llld wu,.used 1n t.,.:~lf"••· tM ,, 
1-29 B1ssa well prodlitad no 1gu stwM·. ·:ne •cmly ..,strong ktck{ciai ·m. the -
lowmw,lt"1nterbed, ind 11111Y .. 1nterbeds ~gas free. '! '. ~ ..;,' <.' •· 

,,. . .. , ~ ., . ~"...; . .. ., . :-., ~ -"'~ ; 

Interbeds are. ·st111 capable of produc1~ S111ll 1110Unts of gas; 
therefcrre, large-d1aaeter holes drilled into ·tha basalt should have, these 

~ zones sealed off. This s~ld be practical because 11-lb. llUd 1n the ·· 
1-33 YaJd• Minerals well shut off 110st gas zones~ There SltllS to be •' 
little. 1f &.'IY, hydrogen sulfide generated iri , the basalt; however, this has 
not been confinled by Shell. 
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FUTURE CONSIDERATIONS 
'. 

,J I. .·-; , ' ' - . \ 
POSSIBL£ ID, DRIWIC StlES . . 

/ ,-;. ... . 
At present, Shell has only one 'pena1tted-s1te left undr111ecr'1n 

Washington • . the 1-5 BN Saddlt{ Mou_ntains well• located on the Frenchman H111s 
ant1c11ne.\ _Shell also has the option to reopen the RSH-1 ~tlesnake H111s 
well and caaplete dri111ng through the basalt (about 2.ooo ·r~). Whether 
Shell will follow through with the,ir original four-wttll progra is not 
known. With the caapletion of the 1-9 BN Saddle Mountains well, Shell w111 
have supled both sides and the top of the pre-bas&lt high and 1s now in a 
better position to evaluate the stratigraphy. Another factor that merits 
consideration is the large blocks of land presently off-limits to drilling: 
protectt:d fish and game lands, the Yakima Firing Range, the Hanford Site, 
and the Yaki• Indian Reservation. A' change in the lease status of any of 
these lands would probably change drilling strategy. 

Other caapanies with large acreage holdings (Sohio, Canadian Hunter. 
Tyrex, ARCO. Exxon) seea to be less likely to begin drilling unless Shell is 
successful. Snowbird Resources will reenter the 1-A Moses Lake well only if 
they succeed in raising several million dollars for drilling costs. 

One factor that could alter the present status would be the developaent 
of a new exploration tool capable of successfully penetrating the basalt and 
interpreting pre-basalt structure and stratigraphy in detail. Present 
methods, including magnetotelluric surveys, will not do this. Based· on 
present econo11ic conditions in the oil industry and on today's subsurface 
techniques, this report maintains that if Shell does not strike gas in large 
volumes (several "4<:fpd) in the next well, the exploration play will end. 

Based on present, limited knowledge, simple closed-surface anticlines 
are still the best drill sites in the Columbia Basin. Undrilled folds with 
these characteristics include parts of Rattlesnake, Ahtanum, Yakima, 
Manashtash, and Toppenish Ridges and possibly the Horseheaven and ColUllbia 
Hills anticlines. Because of the poor shows at the 1-29 Bissa well, ridge 
segments south of the 1-33 Yakima Minerals well, or those on the east side 
of the Naneua Ridge-Hog Ranch High, appear 1110st favorable at this time 
(e.g., West Yakima Ridge, Ahtanum Ridge. and Rattlesnake R1dge). 

HYDROCARBON POT£NTIAL IN THE PASCO BASIN 

The released well log data from the 1-9 BN Saddle Mountain well will 
allow a 1110re accurate prediction of what lies beneath the Pasco Basin. All 
that is known for certain 1s that a thick sequence of sediments exists 
beneath the basalt. This evidence is based on poor quality 11agnetotelluric 
data; better quality Hgneto-tellur1c surveys have been run but these are 
presently proprietary or otherwise unobtainable. Even high-quality 
magnetotellur1c surveys may show only gross features, not detailed structure 
and stratigraphy. 

•' 
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Rock T,vpes 

Sea general observations are apparent fr011 the present Will data. 
Based on' the existenca ·ot the Naneua h1gh, which shoUld effectively block 
the eastward aoveaent of·Cascade-type volcaniclastics, rocks such as the 
Ohanapecosh and Wildcat Creek Fo1'11lt1ons would not be expected as far east 
as the Pasco Basin. Wh11e the Roslyn Formation appears to cross the Naneua 
high and, therefore, could reach as far east as the Hanford S1te, it is aore 
likely that \"Oeks found 1n the Chiwaukull graben--Chullstick and ·Wenatchee 
Fon11tions-extend southward to the Pasco Basin. 

The Pasco Basin lies at the western edge of the Palouse slope. The 
ColUllbia River basalt 110ved down this slope in Miocene times. It is 
reasonable to assume that sediments 1n early Tertiary time could also have 
moved westward down the Palouse slope into the Pasco Basin. The nature of 
these rocks, if they exist, is unknown. 

The like1ihood of Cretaceous rocks underlying the Pasco Basin seems 
re110te, yet this possibility is enhanced by the discovery of probable 
Cretaceous arine sediments in the 1-29 B1ssa well. If rocks found in the 
Naches, Roslyn, and Chiwaukum •basins• thin southeastward, Cretaceous rocks 
rN.Y be w1th1n reach of the drill under the Pasco Basin. 

Structure 

No clear evidence exists for the or1entat1on of pre-basalt folds 1n a 
d1rect1on other than those seen at the surface 1n Columbia River basalt. 
While one can speculate on potential north-south, pre-basalt folds 
paralleling the Naneua high, such structures have not been found. 
Therefore, data indicate that anticlinal traps are not likely 1n sedimentary 
rocks under the Pasco Bas1n structural low (plate 1). Hydrocarbons 
generated under the Pasco Bas~n should migrate away from the basin center 
where the basalt 1s thickest. The extreme basalt thickness 1s a detriment 
to drilling econcnics; at today's high drilling costs and with most surface 
anticlines undrilled, the Pasco Basin is a poor drilling prospect. Not 
enough is known about fault or stratigraphic traps to make any judgment 
about their potential in the Pasco Basin. If stratigraphic traps exist 
along the east side of the Naneum high, they should be restricted to the 
extre11e northwestern edge of the Pasco Basin. 

The Columbia River basalt should not be considered a reservoir for gas 
{fig. 10). Although a small gas "field• was discovered on a satellite fold 
of the Rattlesnake Hills anticline, other shallow wells drilled in the Pasco 
Basin have not produced significant gas. At today's economics, the old 
Rattlesnake gas field would be noncommercial. 
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CONCI IISIOII · 

Inforaation derived fraa the dr111ing of three wells in the 
northwestem ColUllbia Basin has greatly illl)roved our knowledge ot ·the 
pre-bualt rocks located there. Correlation of rocks along the ·basalt 
argin with those in the wells indicate the following. 

1. The presence of a Nll'leU1I pre-basalt •high• affects 11thologies 
across the _ColUllbia Basin, west to east. 

2. Cascade Province volcaniclastics extend much further east than 
previously thought. 

3. Both source beds and reservoir rocks are present beneath the 
basalt, usually 1n fluvial deltaic sediments of early Tertiary 
age. 

4 Marine rocks of probable Cretaceous age exist under parts of the 
ColUllbia Basin. 

The 1-33 Yakima Minerals well proved the existence of lar91 quantities 
of gas under the basalt, greatly increasing the chances that I coaiercial 
gas field will someday be discovered in the Columbia Basin. The drilling 
confirmed that the Columbia River basalt is an excellent seal to the 
migration of fluids and gases. The basalt yielded only small amounts of 
gas. typical of what might be encountered in any deep-water well in the 
Columbia Basin. 
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