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AIJSTRICT 

An overvi&1 of the post-Columbia River basalt geologv and ahallOti 

hydrogeolog'I of the Pasco Basin for areas adjacent to the Hanford Site is 

presented. The lithostratigraphic units described include the surface of 

the Columbia River basalt; the basal gravels, silts and clays, and 

conglomerates of the Ringold Formation; am the Hanford formation . 
( informal name). Discu.•- · :.~= .. ·.;;.;•rdJ.ng the occurrence•, hydr•ulJ.c 

prep~···. · .~~, ... ; &i r.1.a,, characteristics of ti»: shallCM (unconfined) 

groundwater systems are described for six subareas within the study 

~ 7.on. Empirical transmissivity values are tabulated for 209 wells and 

0 .• plates provide geologic and hydrologic data at a l:62,500 scale for 

t ! ? study area. This work has been performed in supplement to ongoing 

Jtudies within the Hanford Site by Rockwell Hanford Operations. 
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INTRODUCTION 

PURf.'OSE 

This study was undertaken for Rockwell Hanford Operations (Rockwell) 
to better determine the occurrences of groundwater in the area peripheral 
to the Hanford Site, specifically on the east and south sides of the 
Pasco Basin. The data from the large number of wells in this area would 
considerably increase our knowledge of the geology and hydrology. 

The emphasis of the work was to characterize the unconfined or 
water-table aquifer, and the relevant late Cenozoic stratigraphic units 
that bear on and control the flow of those shallow groundwaters. 

AUTHORIZATION 

This study was authorized by Rockwell on January 8, 1979 . 

ACKNOWLEDGMENTS 

l wish to acknowledge the full cooperation and assistance of Rockwell 
personnel in expediting the work and in aiding its completion, especially 
the technical editing of 8. V. Johnston and illustration work of D. B. Mill. 
This assistance greatly enhanced the final report and helped me clarify 
the points being made. I also wish to thank those members of Rockwell 
who provided corm1ents and discussions bearing on geologic questions that 
arose during the work. I wish to especially thank Leo S. Leonhart, 
technical liaison for Rockwell, with whom many aspects of the work were 
discussed an~ who provided considerable aid and assistance. 

The work, of course, would have been impossible without the long-term 
hflp of a great many well drillers, too numerous to name here. They 
have, in the interests of improving knowledge of the region and 
simultaneously improving their own skills, consistently supplied data 
where data were needed; to them, I give many thanks. 

LOCATION AND SETTING 

The area of study encompasses approximately 800 square miles, as 
shown on Figure 1 and on the plates accompanying this report. The area 
extends from the west end of Wahluke Slope southward through the South 
Columbia Basin Irrigation District to Wallula Junction, from there, 
westward to Benton City and north to Horn Rapids. It borders the Harford 
Site on the north, northeast, east, southeast, and south. It is an area 
in which an estimated 3,000 wells have been drilled. 

The study area was divided for purposes of the discussion into six 
geographically smaller areas, as shown in Figure 1. All six areas are 
characterized by distinguishing hydrologic properties that reflect the 
geologic conditions. They are as follows: 
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1. The Pasco Greenbelt Area 

2. The Burbank-Wallula Area 

3. The Kennewick-Finley Area 

4. The Richland-West Richland Area 

5. The Badger Coulee Area 

6. The South Columbia Basin Irrigation District Area (including 
Wahluke Slope). 

The Pasco Greenbelt Area, so called because of extensive irrigation 
from wells, is recharged from the Columbia Basin Irrigation Project. 
Geologic conditions, later surrmarized, and the recharge permit the 
drilling of high-yield wells in favorable sites. Drainage problems are 
present in some locales. 

The Burbank-Wallula Area, on the east bank of the Columbia River 
southeast of Pasco, is characterized by low- to only moderate-yield wells 
in the unconfined aquifers. Yields from the basalts are low to very 
low. The unconfined aquifers are in direct contact with the Snake, 
Columbia, and Walla Walla Rivers, with little to probably no significant 
recharge from the east. 

The Kennewick-Finley Area is one where small farms abound. It lies 
between the Columbia RivPr and the Horse Heaven Hills. The unconfined 
aquifers consequently r1nch out upslope. A thin and shallow-depth, 
water-table aquifer is adequate generally only for domestic and 
small-scale irrigation water supplies. Much of the groundwater is 
derived from two irrigation districts within the area. 

The Richland-West Richland Area (to Kiona-Benton City and to Horn 
Rapids) lies where basalt is close to or above the water table, except in 
the City of Richland. Consequently, most of the area has an unconfined 
or water-table aquifer only where irrigation practices or the deliberate 
raising of the water table have created one. Wells corrmonly are several 
hundreds of feet deep and produce from the basalts. 

Badger Coulee lies where basalt is sharply and deeply folded, and 
probably faulted. Coulee-fill sediments, even though relatively low in 
permeability, permit high-yield wells owing to the fact that the aquifer 
is up to more than 200 feet thick. The thickness reflects recharge from 
irrigation within the Kennewick Irrigation District which has resulted in 
a water-table rise of more than 100 feet. The coulee evidently is a 
major recharge site for the aquifers in the upper part of the Wanapum 
Basalt. 

The South Columbia Basin Irrigation District, including Wahluke Slope 
and the part of the Hanford Site north of the Columbia River, is by far 
the largest subarea of the overall study area. Throughout the district, 
groundwaters corrmonly lie deep in the Ringold Formation and more corrmonly 
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in the underlying basalts. Yields, with few exceptions. are low to very 
low; hence, ir rigated agriculture requires Irrigation via the CollJTibia 
Basin Project rather than by wells. 

The low permeabilities of the Ringold Formation and the underlying 
basalts, with their perching tendencies, have induced extensive drainage 
southward into the Pasco Greenbelt Area. Drainage problems have 
developed, resulting in wetlands and extensive areas of landsliding along 
the White Bluffs and Ringold Coulee. 

PRl:: V rnus WORK 

Many persons have studied portions of the current study area, with 
the greatest attention given to the area between the Horse Heaven Hills 
and the Rattlesnake Hills. especially between Kennewick and Benton City. 
Those studies. however. were restricted almost wholly to field mapping. 
even in locales such as Badger Coulee where the basalt structures are 
hidden beneath thick fill sediments. Workers in such areas did not 
benefit from the abundant well data that, in numerous instances. are not 
only necessary to adequately understand the structures. but in many 
locales are the only data. 

Nev1comb (1948}. Brown and McConiga (1960), Walters and Grolier 
(1960). Newcomb (1965}. Newcomb, Strand, and Frank (1972). Molenaar 
(1968}, Mundorff, Reis, and Strand (1952). and Grolier and Bingham (1971, 
1978) are among those who have reviewed some aspects of the data from 
we lls in the study area. The most detailed study of the geology of the 
post-basalt sediments through the use of wells was by Newcomb (1965) in 
the Walla Walla Basin, which study barely reached Wallula Gap. Tanaka, 
Hansen, and Skrivan (1974) developed a digital groundwater model for the 
Columbia Basin Irrigation Project using largely the data of Walters and 
Grolier (1960} and Grolier and Binghirll (1971, 1978). This groundwater 
model has been used for part of the study area. Most of the studies 
identified only the gross characteristics of the geology and did not 
attempt to use all the well data available. 

In 1978, the author contributed to a st, Jy for the U.S. Army Corps of 
Engineers of the Pasco Greenbelt Area that lies between the South 
Columbia Irrigation District and Pasco, and from the Snake River to the 
Columbia River. The study, using all the well data then available. 
identified the geology and the hydrology of the area in considerably more 
de tail than prior studies. A rrodel study by Battelle-Northwest (no 
report i ssued), using the Corps-supplied data. permitted predictions of 
grou ndwater behavior resulting from certain pumping and recharge 
s ituations. Events in 1978 and 1979 proved the applicability of the 
me thod of model use. and, consequently, of the correctness of 
!dentificatir,n of t~e geologic parirl\eters. 

The procedures used by Brown in the Corps study have been dpplied to 
local problems in well siting and to the solution of drainage problems. 
As a result, a data base has accumulated that is increasingly provid ing 
gui dance for well drilling and answers to hydrologic questions. 
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PROCEDURES 

This hydrologtc study ts a paper study based nearly wholly on data 
obtained fran existing water wells drilled by others. Field work was 
limited to procurement of data from wells then being drilled. 

The datd are supplemented and verified where possible by correlation 
to published or otherwise available data from other sources. 

Huge areas are blanketed by the Pleistocene flood deposits and often 
thick eolian soils (loesses); hence relevant outcrops are often rare to 
absent. Thus, the well data are peculiarly important. In addition to 
the geologic data~ the wells often provide important hydrologic data that 
often corroborate the geology and, in turn, are explained by the geology. 

Sunmers and Weber (1978) indicate that about 7,000 wells have been 
drilled in the Pasco Basin, about 4,000 of which lie on the Hanford 
Site. Hence about 3,000 wells lie outside the Hanford Site daninantly 
within the study area. About 1,300 wells, whose records are most readily 
available, were used for this study. It ts readily evident that they 
constitute a tremendous bank of data. 

Wells were initially plotted on available topographic base maps at a 
scale of 1:24,000 (1 inch equals 2,000 feet). s~rface altitudes were 
detennined by map inspection and were checked against the altitudes 
recorded for the wells. Discrepancies were resolved if possible. 

The depths to the geologic features of interest were detennined from 
the well logs and their altitudes recorded on the map at the well 
location. If ananalies ~ppeared between two or more adjacent wells, the 
logs of the affected w~lls were reexamined and a consistency sought. 

Contour intervals were chosen to maximize the detail that could be 
~, shown for relevant features, but also to indicate the probable accuracy 

of the contours. Generally, 100-foot intervals indicate few data points 
c,.. and considerable generalization. Contours at closer intervals indicate 

more data points and closer control over the features shown. 

The minimun contour intervals are: 50 feet for the basalt, 5 feet (2 
feet locally) for the basal gravels of the Ringold Fonnation, 50 feet for 
the lowennost silts and clays, 20 feet for the conglanerate, and 10 feet 
for the water table. The greater number of wells in the shallower units 
permits more detailed contouring. The probable error, empirically 
detennined, is about ~50% of the contour interval. 

The contours were transferred to base maps on a scale of 1:62,500 (1 
inch equals about 1 mile). They were adjusted to match the contours of 
adjoining areas and to provide consistency in patterns. The maps then 
were checked against previously drawn geologic cross sections (from prior 
studies of local areas) and additional cross sections were sanetimes 
drawn. Minor adjustments were made as necessary. 
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THE DATA BASE 

COMPLETENESS OF THE DATA 

The estimated 3,000 wells in the Pasco Basin external to the Hanford 
Site represent an average well density of nearly four wells per square 
mi le for the approximate 800-square-mile study area. However, only about 
1,300 wells were reviewed for this study for an average density of about 
one to two wells per square mile. The density varies greatly, from 
appreciably less than one per square mile on Wahluke Slope to several 
score per square mil e in parts of West Pasco (Riverview) and Finley. 
Simultaneously, the detail, accuracy. and reliability of the conclusions 
vary. even if the logs can be accepted at face value . 

The very low dens i ty in certain areas is less serious for several 
rea sons: (1 )· concepts and relationships developed in one locale are 
applicable elsewhere; thus, demonstration that the Ringold Formation is 
tectonically deformed in one site of close control indicates that it is 
most likely deformed at other sites although poor control at these other 
sites does not permit such a determination; (2) most wells are drilled 
wh ere water is readily available, hence few wells indicate difficulty in 
water procurement and probably an area of less hydrologic interest; and 
(3) the wells tabulated include the more recently drilled wells, 
oftent imes more carefully logged (often by geologists) and the ddta are 
cor respondingly more reliable than the logs of wells drilled tens to 
sco res of years ago. 

About 1,700 wells currently are untabulated, if the 3,000 wells 
ext ernal to Hanford as estimated by Suntners and Weber (1978) are 
correct. Probably the bulk of the 1,700 wells is domestic wells of low 
yield, many stopping short of basalt and with poor logs, if logs are even 
available . However, many logs of wells have been found to date that are 
not recorded in Washington State Department of Ecology files and hence 
were not tahulattd by Suntners and Weber (1978). These unrecorded wells 
i ncluded more tha 1 130 which penetrated to or into basalt. Some of those 
were abandoned wells, some were drilled subsequent to Suntners and Weber's 
(1978) tabulation, and many were existing domestic wells for which logs 
evidently never were filed. 

DATA QUALITY 

A tabulation shows that more than 130 different well drillers are 
known to have drilled wells in the Pasco Basin external to Hanford , 
subsequent to 1909, the apparently oldest well in the region. A review 
of the tabulated about 1,300 wells shows the expected complete spectr um 
of detail and quality. ranging from a recording only of location and 
de pth to highly detailed, complete, and analytical logs. 

Both the quality and detail of each of the logs were reviewed and 
assessed. Th is included comparison to the logs of adjacent we ll s 
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(especially by other drillers) and a determination of how the well fitted 
into the broad geologic picture or pattern. 

It is significant that even b~salt cannot always be identified with 
certainty. Thus. it may occur as breccia. often logged as "gravel." 
palagonite. sanetimes logged as "clayey gravel.'' or highly weathered 
basalt logged in a variety of ways. Nests of large basalt boulders and 
even canpact basalt sand have been logged as basalt bedrock. Where any 
of those materials occur above true basalt bedrock. the log may or may 
not reflect the true material. 

Another problem is the location and altitude of the well collar. If 
the well is not accurately located. the altitude of the well cannot be 
determined accurately even with detailed topographic maps. If the 
altitude is incorrect. both the depth to and consequent altitude of the 
water table and the altitudes of the respective geologic units are in 
error. 

Convnonly the altitudes of wells can be detennined from topographic 
maps that are available to an accuracy of probably no more than 20 feet. 
if the well location is known to the nearest 40 acres (a quarter-quarter 
section). In sane sites. wells are drilled in canyon bottoms or in 
unusual topography such that precise locations are needed. Hence. if 
water levels or geologic features appear to be anomalously high or low, 
field checking for the well location is necessary. 

Random samples of water levels were examined, where nunerous wells 
were in close proximity. Discrepancies in the water table altitude, as 
recorded by the drillers, of as much as 40 feet were noted. Discrep­
ancies of 10 to 20 feet were more common. Contour intervals of 10 feet 
thus are meaningful only where consistency between wells prevails or 
where accurate altitudes of wells were determined. 

A high degree of accuracy is ~esirable in the altitude of the wells, 
but the large number of variables present makes that high degree 
unrealistic. The following surrmarizes the situation: 

1. Depths at time of drillin~ are measured from the ground 
surface. Following drill1ng, the land may be graded to 
unspecified depths. Once the well is in use. the casing top is 
a more usable reference point. The well altitude is seldom 
changed to reflect those conditions. 

2. Depths to fonnation changes are dependent upon the driller. If 
drilling is proceeding rapidly, the driller may miss the depth 
by several feet. or may miss it entirely unless operating 
conditions change. 

3. Depth-to-water readings oftentime$ are merely approximated, or 
may be measured with electric tapes. air lines, depth of wetting 
on cables, bailer and tools. air pressure (for air rotary 
equipnent). or other methods. Errors of 5 to 10 feet easily can 
be expected. 
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WJter level , as used here , Jre the leve ls recorded by lhi' c1riller at 
the time o~ ~ll completi on . In parts of the Pasco Greenbel t and in 
B,1dg1•r Cou lee, water l eve l s have changec1 appreciab ly owing to 1rrig J tion 
and drainage practices . Cons~quently, the wa ter-tab le map 1n many 
loca l es reflects out-of-dat e data, corrected only if dnd where we ll s 
recently were dr·i ll ed. Thus, water l eve l s in the Pasco Greenbe lt have 
changed several tens of feet in a 20-yea r period , and lowering by as much 
as 10 to 15 fe et has occurred in a year ' s time owing to drainage 
practices and the pumping of many large irrigation wells. In the Badger 
Cou l ee Area, the levels have risen more than 100 feet since the 1950's 
when the Kennewick I r rigation District began operations the re. Changes 
have been at a ra t e of about 5 feet a year. On Wahluke Slope, no new 
we l Is have been drilled in many years and the water level data are 
serio usly ou t of date . 

Jr,-igation ~...ells usually are tested by pumps prior to placing the 
1,e ll in ser vice. The tests commonly include a short-term step-drawdown 
test , fol lowed by a short-term (commonly 4 hours) maximum rate test. In 
0nly llm:ie reported instances in the Pasco Basin (external to the Hanford 
Site) we1·e observation wells used in the classical manner to determine 
the permea bility and the transmissivity of the unconfined aquifer. They 
included two tests by the U.S. Bureau of Reclamation (currently known as 
the Water and Power Resource Service) near Smith Canyon, and one test by 
the Ranney Method Western Corporation for the City of Kennewic~, near 
Finley . In no other instances, according to local pump compar,'.es and 
l'lt:11 dri ll ers , we re observation wells used to determine the aquifer 
pr·o pe rties. In about six known instances, nearby wells were checked to 
de t ermine if interference existed. 

Only one instance is recorded in which a well into the confined 
(basa lt) aquifers was tested by using an observation well. Insufficient 
dra wdown was noted in the observation well to permit an aquifer analysis. 

Tes ts accordingly provide specific capacity data pertinent to sizing 
of the pump and de pth of installation. Most domestic wells are tested by 
bai ling ( if the we ll is drilled by cable-tool rigs) or by the amounts of 
,1ater blown from the well (if air-drilled). In the first instance, the 
bailing rate is normally only estimated; in the latter case, the drawdown 
is unknown and the amount of water blown from the well is estimated 
'. se ldom measured). 

Transmissivities of the formations can be calculated from the 
specif ic capacities as indicated by Theis (1954) and Bi e rs c henk (1959). 
Pro bably the inaccuracies in that calculation are no more th an the 
c.rirn bincd i naccuracies i n we ll location, a ltitude , depth to water, depth 
to forma tion changes , we ll cons truction, and other e l emen t s. · 

QUAL ITY ASSURANCE 

The wel l log data 11 scd were verified by: (1) a review fo r· obvious 
1r1u1n ', i \ t(:nc i,~s ; (?.) comparic;on of the ma teri,,ls as ,·, · or·ded to tlH) S l' 

r't:r.11rd(~ d for ddjace nt wel l s ; (3) dcterrnination of wht'll1,'r the d ,1t ,1 wt'n' 
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consi stent with t he reg.ional pattern or picture (is the log a meaningf ul 
sanple) ; anj (4 ) whe ther the altitudes of the respective units ·xere 
con'., isten t and logi cally explainabl e. 

The use of obvi ous ly incor rect names for the units or material s 
enco unt ered was of no concern, although cause for some suspicion. 
Real i sti cal ly speaking, the presence of and ~epth to changes were the 
mos t impor t an t. The actual materials enco untered in most instance s were 
deduced from knowl edge of the stratig raph ic sect ion, familiarity wi t h t he 
dri ll er's use of terms, and by relationship to other, nearby well s . 

Consi stency from well to well was important, but changes from well to 
we ll were sought as a means of identifying trends. Hence decisions were 
made on whether indicated changes were valid, whether they were due to 
altitude or location errors, or to a difference in the use of words. The 
dec i sions often were made on a probability bhsi s . 

The principal problem in the post-basalt sediments was and is 
differentiation of the Ringold Fonnation conglomerate from the Pasco 
grave ls, which conmonly include reworked Ringold Fonnation 
conglomerates. Differentiation is important, both because of appreciably 
dif f erent hydrologic properties (permeability), but also because the 
in t erpretation of the develofXllent of the Pasco Basin subsequent to early 
Pl iocene time hinges on that differentiation. 

Newcomb, Strand, and Frank (1972) tabulated criteria for 
dif fere ntiating the two units. Even in many outcrops, however, the 
di st i nct ion is far from clear-cut. The differences in wells are much 
les s evident and often are totally unrecognizable. 

The st ratigraphic relationships were and are helpful in an analysis 
of we ll logs. The basal gravels of the Ringold Formation are thin in the 
st udy area. They are restricted to the center of the Pasco syncline. 
They are everywhere overlain by the lowermost silts and clays of the 
Ringold Fonnation. The cong,omerates, in turn, lie above the s i lts and 
c l ays in all but a few outlying areas where overlap evidently occurred. 
Hence , if a s ignificant thickness of R'ingold-!:}'~ gravels occurs di rect ly 
above basalt i n the structurally low areas, tnegravels likel ~· are Pasco 
grave l s der ived by reworking of the Ringold Fonnation conglomerate. 

The loc al e of the gravels accordingly is a s ite of extensive eros ion 
t hat has to be logically explainable; in other words, other evidence ha s 
to indica t e the cause of erosion and the patterns. 

The in-place Ringold Formation conglomerates are low to on ly 
modera t e ly permeabl e (B ie rschenk, 1959). If well yields are high, the 
probabi li t y is high that the gravel s are the Pasco gravels. Th is is due 
l ar ge ly to the poorer so rt i ng of the Ringold Formation conglomerat.ec; than 
the Pasco gra vels and to cementation , more pre valent in the Ringold 
Furmalion conglomerates . Those f ea t ures co11111only are not ed by drille r·~ . 
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In some local es, the Ringold Formation conglomerates conceivably 
could yield ·1arge volunes of water. This requires an adequately thick 
section, develol)llent of the total aquifer, and probably special well 
construction; hence well yield is still only indicative. 

Work over the years with a variety of geologic and hydrologic 
problems has resulted in many analyses of conditions bearing on water 
procurement, drainage, soil stability, geologic structure, and 
stratigraphy. From those studies, patterns have developed. The current 
study is a review and coordination of those local studies supplemented by 
new data and a final evaluation of the conclusions. 

Additional local data, particularly in areas such as Wahluke Slope, 
are expected to significantly modify the interpretations presented here~ 
In most locales, most of the changes will result only in refinement of 
the present understanding. 

STRATIGRAPHY AND STRUCTURE 

The current study is oriented dominantly toward understanding the 
unconfined or water-table aquifer system. It is not primarily a study of 
either stratigraphy or structure. However, as pointed out, the ~ifferent 
geohydrologic units have markedly different permeabilities; hence, 
stratigraphic identification in large part identifies the hydrologic 
properties. Moreover, structure is important, in that it identifies the 
position of the aquifers, consequently of recharge and discharge sites, 
and also can determine barriers to groundwater flow. 

A review and analysis of the data from about 1,300 wells disclosed 
st r atigraphic and structural features of possibly appreciable importance 
that were not otherwise detectable. The discussion relates dominantly to 
the findings of the well log analysis and as little as possible to 
background infonnation and conclusions by others. The reader is referred 
to the earlier 1t,Ork insofar as necessary. 

THE BASALT SURFACE 

The current study deals dominantly with the post-basalt sediments. . 
Complete dissociation from the basalts is, however, impossible and is not 
requested. Thus, the Ringold Formation (see Figure 2) sediments, the 
major part of the cur·rent study, interfinger with the uppermost basalt 
flows that locally pinch out (WPPSS, 1974). Interchange of wa.ter thus is 
possible between aquifers in those sites, as well as in some other 
geologic environments in the basin. 

For practical purposes, the basalt surface is the lower limit of the 
current study. Plate 2, Structural Contour Map, Surface of the Basa lt 
Sequence is t.he base map to which other maps are constructed -ind to whi ch 
they re 1 ate . 

10 
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Construction of the basaJt surface map served three principal 
r,u rposPs . First, it is approximately the division between the confined 
and unconfined aquifers, modified as l_ater discussed. Secor.d, it is a 
st,·atigraphic horizu tnat is readily recognizable by most well drillers 
although not always without error; hence it is the least likely horizon 
to be mi s i dentified. Third, it is dominantly a structural as well as a 
s tratigraphic surface. It is locally and importantly modified by 
eros ion; moreover flow pinchout re$ults in local step-down in the 
stratigraphic section toward the older flows. 

The basalt surface is an excellent reference plane by which to 
idPntify such events as post-basalt deformation through the folding of 
later sediments. 

Basalt generally dips radially inward at a low angle toward the ba~in 
center and low point under the Hanford Site. The radially inward dip is 
a 1 tered in the southern and southeastern parts of the study area by a 
series of northwest-southeast-trending anticlinal, synclinal, and 
monoclinal folds. Most of those folds are earlier identified, mapped, 
and studied (Bond and Others, 1978). They elongate the basin in an 
east-southeastward direction now followed by the Columbia River along the 
structural low from Richland to Wallula Gap. That low is the Pasco 
syncline, a major linear structure of the study area. 

Between the Pasco syncline and the Horse Heaven Hills thJt bound the 
basin to the south is a series of parallel structures that repeatedly 
have been studied, though not by the use of data from wells. They are 
most distinct in the Horn Rapids "peninsula" (the McWhorter Canal bench 
of Bond and Others, 1978). They become less prominent and distinct 
southeastward. They include, from north to south: (1) the Horn Rapids 
lineament, an alignment of elongate domes or doubly terminated 
anticlines, and intervening, local, monoclinal folds that may be faulted 
and are extensively erod~d; (2) the Lewis and Clark (L-C) Angus Ranch 
syncline, the axis of which follows the McWhorter Canal of Bond and 
Others (1978); (3) the Rattlesnake-Wallula lineament, another group of 
elongate domes, some faulting, and some monocl inal folding; (4) a minor 
syncline trending nearly east-west south of Badger Mountain; (5) the 
Goose Hill anticline, Badger Coulee monocline and fault axis; and (6) the 
Badger Coulee syncline. All the above structures converge and become 
less prominent southeastward. At Finley, only the Rattlesnake-Wallula 
lineament persists north of the main Horse Heaven Hills. 

The combined Badger Coulee syncline and the adjoining Goose Hill 
anticline-Badger Coulee monocline and fault axis are the least well known 
of the listed features; potentially, it is highly significant overall. 

The coulee has been considered (Bond and Others, 1978) to be largely 
erosion~l; hence it is comparable to some of the coulees of the Channeled 
Scabland. Outcrops substantiate considerable erosion. Well data, 
however, show that from Gander Hill (named by Bond and Others, 1978), in 
Sec tion 8, Township 8 North, Range 28 East, westward the basal ts ar-e 
pro foundly oownwarped anrl probably down faulted bene,,lh the coul ee fill 
into th<! 8i1dger Coulee syncline. 
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Eds tl~,ffd and northeas t wa,·d from G,rndcr Hil l and puticulilr ly beyond 
the cou l ~e bend to the nor t lwast , fo lding is less s igni ficant dnd erosion 
wJs of increasingly grea t er impac t in forming the coul ee . 

Noimal s t ream eros ion and the impact of the glacial Lak e Mi ssoula 
floods eroded much of the north 1 imb of the Badger Coulee sync 1 i ne . 
Foll owing the erosion , up to about 300 f ee t of sediments bu rird the 
criti ca l pdrts of the str uctu res . 

Tile Badger Coul ee syncline is sharply asj111Tletrical with ii south l imb 
tha~ rises gen tly toward the crest of the Horse Heaven Hills. The north 
limb is nearly ver t ical and probably is faulted because of the very sharp 
folding that oc cu r red. Total stratigraphic offset is about 400 feet (see 
Plates 2 and 11, Cros s Section C-C') . The monoclinal fold on the north 
limb of t he sync line probably passes into the Goose Hill anticline to the 

1ves t , to the eas t into the Badger Coul ee faults identified by Bingham and 
Others ( 1970) ad j acent . to Gander Hi ll, and in the Coyote Canyon area to 
tl1e eas t . 

The cou l ee evidently ser ved as the course of the ancestral Yakima 
Riv er prior to di versi on of the river northward to Horn Rapids. Probably 
diversion was caused by one of the glacial Lake Missoula floods that 
swe pt wes tward up the coulee into the lower Yakima Valley. As 
flood wat ers ebb ed, the coulee-fill sediments were laid down, bladi ng the 
co ulee and mak ing the Yakim3 water gap near Horn Rapids the pr~terred 
co urse . Bond and Others ,1978) consider, on the basis of thei :­
in ter pre tation of the morphology of Badger Coulee and certain gravels, 
that the cou rse was that of the Columbia River. It presumably flowed 
so uth to Benton City, then eastward nearly to Richland. 

Data f rom wells south and southwest of Badger Mountain suggest that 
several of the basalt flows and aquifers are exposed in the north wall of 
the co ulee and are subject to recharge beneath the coulee-fill 
materia l s . The most logical site for recharge is near Gander Hi ll. The 
pot entia l is later discussed • 

Severa l features on the basalt surface north and northeast of Pasco 
are geolog i cally and hydrologically important. The axis of the Pasco 
syncline i n this area lies about a mile north of and parallel to the 
Co lumbia Ri ver . Its location bears on the yields of wells in the 
Ken newick and Pasco areas. Rising southward toward the Horse Heaven 
Hi lls (with i n 3 miles of the river), basalt rises above the water table; 
he nce yields of wells in Kennewick are generally low, with the best wells 
close to t he river. Northward, in the Pasco Greenbelt, the basalts r ise 
at ii gentl er angle and rise above the water table 5 and more miles no r t h 
of the sync linal axis. The axis location, the lower altitude of t he 
ba~a l t wi th di s tance no r thward compared to the southward r is e , and t he 
abundan t s upply of irr ig ati on water that rechar ges the greenbelt aquif er 
Jssure a water tabl e above the basalt to the north. Thi s is l ater 
discu ssed. 
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Four miles north of the Columbia River, a single line of small, 
~ubsurface buttes was suggested by well datd (see Plate 2A). The line 
trends north 78 degrees west, nearly parallel to the axis of the Pasco 
syncline and the north fac~ of the Horse Heaven Hills. Each of the 
buttes is indicated by a single well, suggesting domes akin to those 
along the Horn Rapids and Rattlesnake-Wallula lineaments. The 
orientation of the line and its form imply a possibly significant 
tectonic axis. 

The buttes are structurally too high for their presence to be due 
solely to errors in altitude, espe(ially where the topography has little 
relief. An examination of the well logs shows no record of the driller 
of three wells. The driller of the fourth well is one whose well logs 
c0Jm1only are somewhat unreliable. Possibly several of the buttes are 
non-existent and their location along a presumed tectonic axis fortuitous. 

The basalt surface is gently undulating eastward to the Jackass 
Mountain axis of folding. There the basalts were gently folded, as a 
very low and broad anticline northward (beyond Eltopia). Southward, 
toward Pasco, the fold appears to be a gentle monocline. The west side, 
toward the basin center, dips steeper than the east side, though only at 
a slope of about 50 feet per mile. Well data also suggest that t~2 
basalt section thickens markedly westward from the fold axis, wi'~h the 
younger basalt flows restricted to the west side of the fold. 

The axis of folding apparentl~ extends nearly from the east end of 
the Saddle Mountains possibly to Newcomb's (1965) Divide anticline that 
separates the Walla Walla and Pasco Basins. The flexure thus borders the 
Pasco Basin on the east. 

The Jackass Mountain flexure evidently helped localize the ancestral 
Columbia River west of the axis of folding. During the glacial Lake 
Missoula floods, the flexure may have helped divert the floods down Smith 
Canyon that parallels the fold axis inmediately to the east. Smith 
Canyon now crosses the fold axis about 5 to 7 miles north of the Snake 
River. The east branch of the canyon (see Plate 2) closely follows the 
basalt that rises on the east bank. This sharply bounds the water-table 
aquifer on the east. Farther east, only confined waters in the basalts 
are available. 

The floods down the west fork of Smith Canyon entered what is now the 
Pasco Greenbelt. Scouring of channels in the Ringold Formation sediments 
and their filling with the permeable Pasco gravels provide the basis for 
high-yield wells there. 

Esquatzel Coulee is a similar, though much smaller, coulee that 
nearly pinches out across the axis of the flexure about 3 miles south of 
Eltopia. The coulee increases in size from that point southward, 
probab ly reflecting increasing convergence of runoff southward from lands 
inundated by the Missoula floods. 

Smith Canyon and Esquatzel Coulee currently are important drainages 
f ur the South Columbia Bilsin Irrigation Uistrict, JS l ate,· di scussed. 
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THE R!fGOLO FORM,H!Ofl 

The prec ise range and ex t ent of the Ringold Formation are not 
lat erally or vertically defined. For practical purposes, in the Pasco 
Basin the type locality of the formatiJn is considered to extend to the 
unde rlying basa lt (Newcomb, 1958; Brown and McConiga, 1960). The 
f0rma ti on as considered here reprcserts a period of secimcntation 
co ntinuing beyond the emiss ion of the latest basalt flo~s. 

The Ringold Formation sediments, however, li e atop several different 
ba>J lt flows . In thl! southern part of the Pasco Bas in, they lie atop the 
Ice Harbor fl ows ; e l sewhere , they lie atop basalts successively lower in 
the section. Groli er and Bingham (1971), for instance, mapped the 
Ringold FormJ ti on overlying the Priest Rapids and Roza Members in the 
Qu incy Basin . 

The lowermost part of the formation in the center of the Pasco Basin 
r-... thus may be considered as interfi ,1q£.ring with the later basalt flows 

(WPPSS , 1974). If, however, we use the latest basalt flow as terminating 
n the formation downward, a workable sequence can be considered present. 

Ne1-.'comb (1958} divided the formation into three members, a lower 
"blue c lays," a conglomerate, and an upper silt and sand. Although 
somewhat arbitrary and atypical as later noted, the division is useful. 

The Basal Gravels r·. 
Thr ou ghout th P. current central part of the basin, the sediments 

inmediate ly overlying the basalt are sands and gravels; in this report, 
~: they are refer red to as the Ringold Formation basal gravels (see Plates 

3, 4, 10 , and 11). The isopach map of that member of the formation and 
the geo logic cross sections show that the basal gravels in the study area 
extend sou th and southeastward along the east side of the Hanford Site 
along the ax is of the Pasco syncline. They are traceable to the Pasco 
area wh ere they evidently pinch out and grade into finer sediments. 

N 

Their prese nce along the axis cf the Pasco syncline indicates that 
the sync line was already in existence and controlling the course of the 
Co lumhi a River. 

The ba sa l gravels, because they lie beneath silts and clays of the 
lm~er part of the formation, colllTlonly contain confined and locally 
ar t esian ~,ater . In the area from the 300 Area of the Hanford Site 
th rough llor th Richland, Richland, West Richland, and the Island View area 
of Ricl1 land , we ll s drilled through the confining silts and clays into the 
Ga ~a l grave l s coITTnonly flow at low heads and low rates (generally a few 
gall ons per minu te ). The aquifer is later discussed. 
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o,·i lle,·s' l ogs , as far hack as 1909, have recorded silt1. and c lays 
overly1ng the basalts in the Pas co Ba si n. They are referred to as "blue 
c ldys , " altho11gh they are large ly silts and siltstones that ilre blue-gray 
to gray and g,·ay-green. Where they are weathered and ht.1ve IH~e n exposed 
t o ai,·, they are tan to buff or brown. The tr ansition in some sites 
refl~cts a one -time water table or even a ground s urface level. 

Stratig raph ica lly higher silts and clays, though tan in color, in 
many sites are identical to the lowermost silts and clays, l,ut merely 
hav P been in an oxidizing environment. 

The lowennost si lts and clays are best known from wells, but outcrops 
occ ur ,110119 the Columbia Irr·i gation District canal between Kennewick and 
F nley, nea,· Meadow Sp,· ings, and at a few local es along the Yakima River 
neJ r· Richland . In this report, they are referred to as the lowermost 
s1 lts and c l ays to differentiate them from the stratigraphically higher 
un its later discussed . 

The lowennost si I ts and clays occur as a major part of the Ringold 
F0r1nation in the basin center. There, as shown on the structural contour 
m3p and the c·oss sections, the silts and clays are warped and folded 
.,i th the unde,·lying basalts along the axis of the Pasco syncline and over 
the folds toward the Horse Heaven Hills. The structural contour ma~ of 
t ile silts and clays, the isopach map, and the geologic cross sections 
show less deformation in those silts and clays than in the underlying 
~3 salts ; hence were deposited during deformation that continued for an 
un known t ime period, perhaps to the present. 

The isopach map of the silts and clays shows a near symnetry in 
t n ickness of the unit across the Pasco syncline. The edge of the unit 
nor th of Pas co is about 350 feet in altitude; whereas south of Kennewick 
an d to West Richland, it is up to about 650 feet in altitude. It 
su ggests that deformation following deposition of the unit was greater 
be t1-1een the Pasco s_yncl ine and the Horse Heaven Hil Is than from the 
sync line to the Jackass Mountain axis. This affects the yield of wells 
in the Kennewick area just as does the basalt, compared to the Pasco 
Green belt Area. 

Deposition of the lowermost silt and clay probably resulted from 
ba sin ing. Basining continued, as indicated by the mild deformation of 
the beds along the east side of the Pasco Basin, away from the anticlinal 
s tr uc tures . Subsequent anticlinal uplift, especially of the Horse Heaven 
Hi l ls , then warped those silts and clays. Probably, the anticlinal 
upli ft in turn aided deposition of the later Ringold Formation sediments 
cs firs t suggested by Flint {in Waters, 1955). 

The pattern of distribution of the basal grave ls as well as the l ater 
sil ts and clays a lso s uggests that the Columbi a River already wa s flowing 
i n ii r.ourse that would take it to the structural low in the Ho,·se Heaven 
H· I l s ill Wal !Illa Gap. 

16 
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The sed11nents Jb)Vt:' the "blue c lays" are grave ls. N1>wcomb (1958 ) 
r cferr·t~ci t o t h~"TI as cong lom erates, owing to the partial-to-effective 
CL'mcn t dt1 on . That practice is followed here . They are overlain by 
tlllf f .::o l on?d sil ts and sands of the upper pa r t of the fom1ation. 

If the lowermost si lts and clays wer~ deposited largel y t} S a result 
of b,1si ning, the Ringold Fonnation conglom era t e then concei vably may mark 
a hiatus in deformation, as suggested by Newcomb (1959). The hiatus then 
pr~bab ly was t ermi nated by the beginning of uplift or alternatively by a 
more r apid uplift of the Horse Heaven Hill s . 

The th,·ee- fold division of the fonnation, as suggested by Newcomb 
(1 959 ), although 1-,()rkable, is arbitrary. First, the division ignores the 
basa l gravels that, though thin, are a significant artesian aquifer. 
Second , the "b l ue clays" (which are largely silts) lie in the basin low 
ilnd pinch out, esp ec ially northward and eastward. Additional silts and 
clays are present at strat1graphically higher positions (see Plates 5, 6, 
10 , and 11). Those higher silts and clays are facies variants of coarser 
grained sediments in the White Bluffs that lie above the lowennost silts 
and c lays. Thi rd , the type section near Ringold evidently lies on the 
edge of the ba s in and, hence, is somewhat atypical of the entire 
formatio n. Conclusions based on that atypical nature are not necessarily 
valid ove rall. 

The principa l locales of the higher silts and clays are adjacenc to 
the Jackass Mountain flexu re and on Wahluke Slope. Both sites evidently 
were on the basin mar gins at the time of deposition of the Ringold 
Fonnation and northea s tward of the main-stream Columbia River. That 
main-s tream course is now marked by the conglomerate that lies south of 
Sentine l Gap (see Plate 10, Cross Section A-A') and by the abundance of 
grave l ben ea th the Hanford Site at many different horizons. 

We can conclude that the fonnation is largely a floodplain deposit in 
which the gravels mark the main-stream deposits through the basin center 
and low, and the finer sediments to the northeast mark the quieter water 
and overbank deposits. This agrees with the initial findings of Merriam 
and Buwalda (1917), McKnight (1923), and with the findings of Gustafson 
(197 8} based on the fossil record and the habitat indicated by those 
fossi l s . It differs from the concept of Newcomb (1958), who proposed a 
lacustr ine orig i n. The concept is further developed later in this report. 

The distinction between the lowennost silts and clays and the 
s tratigra phi ca lly higher, facies-variant silts and clays is emphasized 
northeas t of Pasco. There, the glacial Lake Missoula floods scoured out 
much o f thf: gravel ly sand and sandy silt l at era lly intervening between 
tl 1P t1-10 ~i ll-clay bodi es , and phy s ically se parated them. Els ewhere , as 
on Wohluk e Slope, the distinction is gradational and thf> boundaries of 
t.1 11• ti ioll<~r s ilts arid cl ays are on ly approximately located. Thi s is a 
prc,l i l<111 IH:ca usr• the uradationa l co ntact had to lit? locu tecl on the ba s i s of 
~, r• l t lriq·, liy dif f e rt ' lll drill e r s , potenti a ll y us ing SOllll'wll at d1fft~r·t'nl 
1 r·r 11 1' , f r11 U1 f• S tl lll f' flldlf'r i <1 I. 
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Tt)e nor·ttieas t edge of l ht> lowermos t silts and c lays parall e ls the 
Jackass Mou ntain flex ure that lies 5 to 8 miles to the east and 
nor·theast. It suggPsts that the flexure existed as a basalt high during 
the deposi t ion of the silt and clay, thereby precluding sediment 
deposition fart her eas tward. The stratigraphically higher silts and 
clays were de po sited farther to the east owing to the higher level of 
irnpoundment of the Columbia River; consequently they are found at least 7 
mil es ca st of Smith Canyon. In Townships 10 and 11 North, Range 32 East, 
several wells encountered compact silts, sands, and clays up to nearly 
1,000 fee t Jltitude, the approximate maximum altitude of the formation in 
the Pasco Basin. · 

On Wahl uke Slope, the lowermost silts and clays continue upward into 
iden tical materials without a break; likewise to altitudes. of nearly 
1,000 f eet . Wahluke Slope evidently was continuously a backwater or 
overbank area throughout all of Ringold Formation depo ~i tion. 

The silts and clays are di scontinuous downstream frofTI the junction of 
the Snake and Columb ia Rivers in the Finley and Burbank areas. Important 
deposi ts are present, however, from the southern part of the McNary 
Wild l ife Refuge (Burbank Slough area) along the east side of the Columbia 
River south past the Boise Cascade plant, the feedlot, and packing plant 
area , a,,j past Wallula to Wallula Junction. Wells indicate thicknesses 
of si lt and clay up to about 150 feet and to altitudes of 500 to 600 f ee t 
( see P l ate 5 ) . 

Sil ts and c l ays are absent on the lowlands in the east Kr.nnewick to 
Finl ey areas. Their s cattered pre sence on the east side of the Columbia 
River at Wallula sugges ts that floods swept down the Snake River and 
joined floods down Smith Canyon and Esquatzel Coulee. The resulting 
floods completely removed the Ringold Formation in the downstream area 
be l ow the 350- foot altitude and expos ed the basalt. 

The bore concept is important in regard to identification of gravels 
in the Finl ey and Kennewick areas, and better determination of the 
properties of the resulting aquifers. It also identifies a locale where 
the lowe rmost silts and clays no longer confine deeper waters (in the 
hasal gra vels and the uppermost basalt flows). Discharge of those 
confin ed waters, hence, must occur into the Columbia River. 

The Ringold Formation Conglomerate 

Newcomb (1958 ) considered the gravel (conglomerate) of the Ringold 
Format ion to be the middl e pa r t of the format ion. Thi s is so in the 
'tih i t1: Bluffs; e l s1~wherc in the ba si n, however , the arbitrary division 
brea ks down . Thus yravels are absent on the northeast side of the 
li ,J'.. i n. On the H,rnforcl Si te, the Ringold Formation 9r·avels are up to 
<.r: vr!r,ll hundreds of f ee t thi ck and, in the Ri chland drea, gravels and the 
"tl l tH! c lays" are com pl ex ly int erfingered. Basica lly, the type locality 
nf U H: f ormation li es a f ew miles cas t of the cen t er and l ow point of the 
lw,i r, whe re pre s umably the rnos t rPprc)s1)nt.1 t ive materi al s of the formati on 
vil ·O' rl r: po c; i t PrJ. 
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Grdvels cdn be fou nd at near l y c1 ll stratig r dphic l eve ls somewh1::re in 
the basi n. Tt1 is implies t hat t rue impounon ent of the Columb i a River 
p,~bdbl y never occ urred , that a mai n s t ream Co lumb ia continued to f low 
t hro ugn the bas in, and t hat the k in gol d Fonna t ion is fundM1 enta lly not a 
lacus t rine but a fl oodplai n and J,i robab l y sha ll ow- l ake de posi t. 

G,·avels occ ur direc tly over bas alt j ust so ut h of Sen tine l Gap ( see 
P la t e 10, Cro s s Section A-A') and grade lat e r a l ly ea ~twar d into the s i lts 
and c lays ot tile l owennos t par t of the f onn a ti on t he re . No si lts and 
c l ays occur immed i ate ly south of Sen t ine l Ga p, as indicated from we ll 
lo gs from l ess thJn 400 f eet to appro x imatel y 1,100 feet in altitude . 

The da ta s ugg es t t hat t he s ilts, c l ays , sand s , and grave ls of the 
Rin go ld Fonn ation in t he Pas co Basin were l ike ly deposited in response to 
loca l conditi ons of sed im entation and the i r impact on a through-flowing 
r i ve ,· ,·a t11 cr than on a truly damn ed and impounded st ream. 

The co nglom era t es occur in a cou r s e trending southeastward across the 
li.in f o,·d Sile more or l ess directly towa rd Wallula Gaµ (s ee Plate 7), as 
car- li er indicated hy Newcomb (1958). Th is then conflicts with the 
co nce pt of Bond and Others (1978) that the Columbia Rive r may have flowed 
to Bent on Ci t y , the n eas twa r d through Badger Coulee. Stratigraphic 
ev idence for that pos tulated, possible course is necessary. 

The eas t e rn boundary of the conglomerate is reasonably well def ined. 
Thi s is partly becau se drill e rs traditionally look for gravels to yield 
wat er and had no diff iculty in identifying them. Also, the fac i es 
g,·adation from gra ve l to sand occurs relatively abruptly (s ee Plate 10, 
Cross Sec tion B-B' ) in cont r ast to the boundary of the s i lt-clay fac ies 
var ian t. In addi ti on, the facies change cormionly is by interfingering of 
grav e l and sand l enses. The silt-clay facies change occurs gradually an d 
pr"o bab ly by th in i nter fing ering beds that we re not recorded (if even 
no t ed) by we ll dri ll ers near the boundary. 

The congl ome r a te boundary to the east parallels the Jackass Mountain 
flex ure , as do the l owe r units already di s cussed. The flexure probably 
e xis t ed as a s t eepeni ng of the basalt dip, be tter localizing sedim en t 
de pos i ti on . 

The co ngl omera t e ove rli es the lowermost silts and clays nea r the 
Jac ka ss Mo unt ai n fl ex ure. It indicates an accumulating .)asin fi l l 
res ulting f rom the Horse Hea ven Hills uplift, in contrast to the ba si ning 
th at c aus ed (o r co nt r ibuted s ignif i cantly to) deposition of the l owennost 
s i 1 t- c l J.y de pos its . 

Cong l omera t e s ar e absent in and a short distance downgradi ent from 
E',qtJJ. tz e l Co ul ee and absent to a grea t er di s t ance below Smith Canyon. 
The y arc ab ~ent in the Burbank area, but occur beneath the McNar y 
Wild l ife Refuge and the Wall ul a area, wh e re the y are un de r l a in by the 
Rin<Jnld Form ati on s i lts and c l ays . 

I <J 
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The co ng lomerates are less ex tensive in the Burbank to Wallula area 
t h,111 those underlying si lts and clays. This contrasts tot.he area north 
of Pasco , wh ere they overlap the silts and clays. South of the Columbi a 
R~ver-Snake River junction, the gravels were clearly eroded by the 
flo ods . Both the gravels and underlying silts and clays were eroded in 
the Finley area, where the flood impact evidently was the greatest and 
continued the longest. In the McNary Wildlife Refuge are a, the 
conglanerate was largely protected by higher basalt to the east and 
north. Moreover , the floods (sweeping down the Snake River) directly 
impacted the area from east Kennewick to Finley and were spreading 
nor-thward and also moving to Wal 1ula Gap. 

Positive identification of the Ringold Formation conglomerate often 
i s dif ficult , even in outcrops. Where the materials are encountered in 
~Ell s and noted only by drillers, identification is doubly difficult, if 
even possible. Newcomb, Strand, and Frank (1972) cited criteria that 
great ly ai d in identification, but each criterion oftentimes applies to 
the later Pasco gravels as well. In many instances, all criteria used by 
Newcomb (1958) may be insufficient for identification. This is 
particularly so where the Ringold Formation conglomerate was reworked, 
redeposi ted, and sometimes partly recemented. 

The Ringold Formation conglomerate is best identified from well data 
if cementation were noted, if sand were cemented to the gravel ~urface, 
if the well yielded little water during dril)ing, and if a tes t with a 
pump show£~ an appropriately low-specific capacity. Because o~ the 
over l ap of properties with the Pasco gravels, the presence or absence of 
the conglomerate still must be logically explained. 

The Badger Coulee Area and the area from Kennewick to Finley are 
critic al locales where Ringold-type materials abound and where their 
identification is important. 

The lowermost Ringold Formation silts and clays are absent from the 
low bench at Finley, although they occur above the 35O-foot altitude 
behind the Columbia Irrigation District canal, above a 3OO-foot altitude 
at Wallula, and in the river bed above the junction of the Columbia and 
Snake Rivers. Undoubtedly, they once existed in the intervening area 
where they had been deposited. Non-deposition can be ruled out. The 
conglomerates then were laid down atop them, also in a depositional 
environment. We can expect, in the structural lows, that areas lacking 
t he lowermost silts and clays of the Ringold Formation will also , because 
of erosion, lack the conglomerates. 

The Kennew ick to Finley area, with extensive Ringold-li ke materials 
dir ectl y overlying basalt, must be considered as a locale of extensive 
scouring . This is bec ause of the absence of the silts and clays, and 
bec ause of the positi on downgradient of the Snak e River and the several 
C'.l ul ees . The Ringoid-type grave l s occurring there must hdv e been eroded 
fr om the Pasco Greenbelt by the floods, and must have been transport ed t 0 
and deposited on tile !; ]opes ri si ng towilnl the Horse He,1 vrn Hi ll s . 

?O 
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SomP tr·u', 1n-pl3ce ccrnylunera t es probJbly occ ur abo ve t he Columbia 
1,·ngct t10 11 '.J1str ict canal in t he Finley area , abo ve the level of 
effec t ive sc0u ring and redeposi ti on . There , the locally cemented grave ls 
overl ie ti lt' Ringold Formation's lowennost si lts· Jnd clays that, in turn, 
lie on b.1 s alt. Tt1c grave l s are overl ain by the Touchet Bed ~. si lts and 
sands . Hopefully, additionill wells will be drilled in th is area to help 
1·t' Su lve the effects and alt ituoes of sco uring and redepositi on. 

The conglomerates in the Pasco Greenbelt Area are identifiable, in 
mos t instances, from the ~ve l l logs. There , the transported :,ediments 
were laryely derived from the basalt plateau upgradient of the 
grecnhe lt. The rede posited sediments are largely basaltic in 
composition, 01· are si lts, sands, and clays derived from upstream 
out er-o ps of the Ringold Formation. 

Badger· Co111 et~ is a feat urc where the presence or abs ence of the 
Ringold Fo1mation con glom erates is critical to a determination of the 
co ulee orig in. Bond and Others (1978) considered that the Columbia River 
may have flowed southward from Horn Rapids to Benton City, thence 
eJst1vard cbwn the coulee to Richland. Part of the evidence is the 
pre sence of "late Tertiary river gravel of nunerous crystalline and 
met amor phic lithologies" (Ringold-type gravels). Well data, which were 
not then availabl e, now show that the gravels are up to 150 feet thick 
(see Plat e 11, Cross Section C-C'). If the gravels were depos ~ted by a 
norma l Columbia River flowing through the coulee, then a cons 1~erable 
time s pan l',()uld be required and its absence from the main Pa sco Basin and 
the structural low then present would also be required. 

The coulee certainly was in existence at the time of the floods, 
probably as a Yakima River course following the Badger Coulee syncline. 
The undoubtedly high flow rate of the Yakima River in the Pleistocene 
Epoc h wou ld have been adequate to erode the course. Once the river 
passed Gander Hill, it flowed downdip of the basalt flows on the north 
slope of the Horse Heaven Hills. 

Floods , pouring down the Snake River, Smith Canyon, and Esquatze l 
Co ulfe , found Badger Coul ee to be the principal access to the lower 
Yakima Vall ey. As later discussed, magnitudes of the floods down the 
Snake River were so great thdt extensive scouring of the Pasco Greenbelt 
and the Kennewick-Finley Areas resulted. The Ringold Fonnation 
conglome rate, there stripped, likely was transported to and depos ited in 
the cou lee as the flood levels rose. As heads rose sufficiently to 
decrease the flow rate, the s ilts and sands of the Touche t Beds were 
deposited up to 150 feet thick. It also seems likely that the floods, 
in i tia lly enter ing the Yakima Valley through the Yakima wat er gap at Horn 
Ra pid~ and the Badger Coul ee , mu st have s ignificantly scoured the coulee 
prior Lo deposition of the gr·a ve l s . 

More than 16 wells pene t ra t e to ba~a l t in the coulee. Some wcl l logs 
re: porl c lays , hut mu ch of the c la_y appet1rs rcl.1tct.l to tlw TouchL'I lkds , 
not to Rinciold-type miltcri ,1l s . Other reported c lu_y s ,1p(.ll'M µut r hy ;ind 
1Jhrnn1.inw,w., cki not r.011li r1t1c frnm wt>ll to well, ,rnil Me il"l"i'q11lar-l _v 
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distr ibuted in the stratigraphic section, suggesting pulsating floods 
rather than slow sedimentation. 

The Jbsence of clays below the gravels helps indicate that the 
gravels were reworked Ringold Formation gravels rather than the 
conglomerates in place. 

Tests on wells show yields that in sh instances are too high for 
nonnal Ringold Formation conglomerates. The depth of the coulee permits 
deep wells, however, so that even relatively low permeabilities could 
convert to high yields. However, the wells are screened or perforated 
over limited intervals in the aquifer, rather than over the entire 
aquifer. The specific capacity numbers then are indicative of the Pasco 
gravels (see Appendix). 

THE HANFORD FORMATION 

The Hanford formation, a currently informal stratigraphic term, 
includes the Touchet Beds and the Pasco gravels. It thus includes the 
glaciofluvial sediments of Newcomb, Strand, and Frank (1972). It is 
discussed here only briefly, insofar as it affects the unconfined 
groundwater hydrology, principally in the Pasco Greenbelt Area. There, 
the greatest vollllles of groundwaters of any part of the unconfin£:d 
aquifer of the study area are present and flowing. 

The formation was deposited by a sequence of floods, with the actual 
numb2r in the PJsco Basin yet uncertain. In much of the southern part of 
the basin, two well-graded sequences of flood deposits are visible. Well 
logs commonly record one, two, and locally three such sequences. They 
include coarse (often boulder) gravels that grade upward into finer 
gravels, sands, and into the silts and sands of the Touchet Beds. 
Oenending upon the conditions that prevailed at a given locale, gravels, 
~ands , a~d the silts and sands of the Touchet Beds occur at several 
stratigraphic levels, as well as facies variations within a given bed. 

The relative volumes of water carried by the Snake River, the 
Columbia River, Esquatzel Coulee, Smith Canyon, and other coulees are not 
known. The extent and size of Smith Canyon (see Plate 2) certainly 
indicate huge floods there; possibly, they approached (in orders of 
magnitude) the floods down the Snake River. Floods down the Col1.1T1bia 
Ri ·1er, especially swollen by floods down Ringold and other coulees, were 
also huge; however, they spread out in the wide part of the Pasco Basin 
{the Hanford Site). Con~equently, the greatest erosional impact from the 
floods in the south part of the Pasco Basin would be from the combined 
flows from the Snake River, Smith Canyon, and Esquatzel Coulee. This is 
es pecially the case when we consider that those floods probably 
significantly preceded the floods down the Co 1 umbi a River, whi ch was 
forced to take a more circuitous and longer path. 

The floods down the Snake River had virtually no chance to dissipate 
the ir energy due to a gross enlargement of their channel size un til t11ey 
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, •-, f" -; ,d fro:;: ti \,' <:; n ,i.. , Riv,' r c.111yon , l it.er ,1lly in th e Pc1sco- ll ur'l,ilnk 
,\ 1· ,.i . H...:t.Ct . 1, ,' n', IV t' 1' ro s i1>11 ,1n,i depositi on , probab ly ,1s f.i r ups tre am 
.1~. i{ 11·!1IJrh1 .111d 1,;c-, t Ri chlJnd, 1nay have been dorn:na t ecl by t he Snakr. River 
t 1,, ,: s . 1hi s i s t 1w ther ind i r.il t. ed by d i s t r ibution of gra i n •; iL r. of t he 
fh· ,·hl ,!,, p ,s it-- J ill'. by such f e.1 l 11t·cs J S de l L1 ic f ores e t bedd inq and 
111' [:· icJ t l' r: tr ur t 111 ·,": . lhi s i c; subc;ta nti ,1t c,c1 by bot h 1-1e ll and f i e l d da t il. 

Bt'c ,,u L' tilt' hi~l 11•;,1y and rdil rn.i cf bd 1--1c r 11 t he fri-C: ili es ,md Spok ane 
r1,1c;s ,1 1011 ~1 t. 11c [c;q u,1 t LP l Co ul r.e , il s l oc.i t ion and geo logy ,ir,· 1-H1 l 1 
... 11t, ,•.11 . It cu1T1' 11l l_y 1l r a ins muc h of lhe i rr ig.:i li on runo f f wa t.1•r fr om t he 
S,'1,: !i Col. Hnl i i,1 ll.1 s in In ·i gJti on Di s tri c t. Thr coul ee near ly pinch es ou t 
,it 1111' .. ,i~. nl I ii(' JJc kass Moun t a in fl ex 1,re 3 mi les south of Eltopi a . 
11 , n ·t· , it co u l d ,w t hJve been a major dr a i nJg ~ for the Mi ssoula floo ds ; 
11,·, t1,1t1ly , i t c ,i1·1· i1' cl 1val er only duri ng the peak flow. 

G,l '.,,ilt in l1 1t · fl 11o r of [squa t zr.l Cou lee li es J t a mc1x imum altitude of 
11L•,i 1·l _v GOO fr 1' l. In Smith Co nyo n, 1-1e ll dJtJ indica t e th at basa lt south 
,,r l. ll,1 µ i I is ,11 ,1 max imum il lt itudr of Jlrnu l 400 f eet. Th e de pth and 
i nd icJtecl 1·1 iflth or Sm ith Canyon c l early ind ic ate th a t it r: ar ri ed many 
ti mes t he f l c,1v t hJt Es qu atz e l Coul ee di d. In addition, 1-1e ll data 
inJi cJte severa l periods of canyon cutting and filling, corresponding t o 
Lile not(;d sequ ence s of graded de pos its. 

We ll data a l so ind i cate that the canyon is bifurcated, with bas a l t 
se pt .: di vi di ng t he co ul ee . One branch swings southward to the Sn d< e 
Ri ver, f o l lo~ing t he sur fac e expression of the canyon, and bord 0 r ~d on 
th..:: eac;t by t hL ri s ing ba sa lt. The other br anch sviings south1-1e: s tward, 

1-1 ithout surf ace express ion, toward the Pasco Greenbelt Area. 

1he suGs urf ace fo rm of the coul ee is verified by geologic and 
hydr-ologi c evidence . Facies-variant silt s and clays are truncated by the 
cou l ee , and the cong lomerate is absent downslope from the coulee. The 
~ater -t ab le contour s (Plate 8) show gradient and, thus, flow down the 
coul ee . The tr ansrni ss ivity data indicate large volumes of flow along 
this r eac h (Pl at e 9 , also in Appendix) . All plates were constructed 
i nde pendently of each other, then integrated into a singl e , consistent, 
whol e pict ure . Thus, geologic and hydrologic evidence corroborate the 
ex t ent and l oca ti on of the coul ee. 

The co ar se-g r a ined glaciofluvial sediments (the Pa sco gravel s) are by 
f ar t he mo st per meable sed iment s in the Pasco Basin. Wh er e they are 
pres e: nt be l ow the wat er tabl e , v1e ll yields commonly are 1,000 to 3 ,000 
ga l lons per min ut e or even mor e . Consequently, tracing of the scour 
cha nn e l s f i I l ed wit h tho se gr ave l s i s impo r tont in the l oc ati on of 
irriga t ion we l ls . 

In mat er i a l s such il S t he Ri ngo1rl Format ion congl omera t e , yitil ds of 
.,, e: ll r; arc: mu ch l m,1er , norm a ·11y a few hu n:lr C' ds of ga ll ons pc,· min 11t r . I f 
a P 1ick enough St• , li on of congl omer at e wen' s a lur ,1tcd 11 nd pr ne tr ,1t ,, d by c1 
1-,cl l, y ie lds could apriroc1ch pos c; ibly 1, 000 <J J ll ons p0r 111in ut1' or c v1' n 
1111, 1: . In mos l i11 1, l.rnc cc; , however , tl 11~ con9 l rnner,1t cs ,11'l' t pr·mi n,1t e, '. ,1! 
r, h.il Im, dr. pth ~, hy the s ilt.-; a11 d c l ay •, ,1nd l1,1sa ll, t hu s prt1c i'ud i11q ri iqh 
/ i , , I ti', . 
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GROUNDWATER HYDROLOGY 

The Col unbia River is the discharge location for the unconfined 
groundwaters in the Pasco Basin. Insofar as here determined, it is the 
base level for the confined aquifers in the upper part of the basalt 
sequence as well. To a lesser extent the Yakima, Snake, and Walla Walla 
Rivers act as base level, but generally only in their lower reaches where 
they flow ove r the basin-fill sediments of the Pasco Basin. Plate 8 
shows gradients toward and into the Columbia River from all directions. 

The Snake River above Ice Harbor Dam, the Columbia River above Priest 
Rapids and Wanapurn Darns, and the Yakima River from its mouth increasingly 
upstream tend to be, at least locally, losing streams that discharge some 
wa te r i nto the bank areas. 

The water-table gradient indicates that the dominant natural recharge 
of at least the unconfined aquifers lies in the anticlinal ridges and 
higher lands surrounding the basin. Most of the natural recharge is from 
rai n and snownel t runoff, probably concentrated in canyons that 
ul t imately debouch upon and into the basin-fill sediments. This is also 
tr ue to some extent of the confined aquifers in the upper part of the 
bas alt sequence. 

The amount of recharge from natural sources is not yet known, but 
mu st be small owing to the deficiency of precipitation compared to 
evaporation. This is especially so in the dry years such as 1976-77. 
However, a cledr-cut lowering of water tables resulting from that 
water-short year is not known to have been reported. Either small 
v~llllles of water are moving in the aquifers or other sources of recharge, 
such as irrigation must be appreciable compared to natural recharge. 

The Pasco Basin is irrigated by four dominant irrigation districts, 
including: 

1. The Columbia Basin Irrigation Project, through the South 
Columbia Basin Irrigation District 

2. The Kennewick Irrigation District 

3. The Columbia Irrigation District 

4. The Franklin County Irrigation District. 

N1111erous private sys terns pump from the various rivers. The 1 argest 
of these is the Le\·:~s and Clark (L-C) Angus Ranch system that pumps from 

· the Yakima River above Horn Rapids Dam. It irrigates more than 12 square 
mi l es in the Yakima Horn peninsula (via the McWhorter Canal of Bond and 
Qt.hers [1978]), and has created its own unconfined aquifer. 
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:1 .t ·r·,, 11c1''> , 1· 1>:, 11HJ wJt1•1· !1 ·ch with time ~s mort• land is 
•,111 ,·! 1·1d :1 ,,, tl'L',it11111 o f mp,·l' ,ind 11101·,· d1 ·t1 111c1g' p, -ob lt•111-, < lt·ar l y 

,·.!. ,1 1• : · .. ·i1 ,,1 --: ,111ce ot ir·r· ig,1t1011 t 11 1·1•l ila 1·gr. of the wt1 t. t• 1· t;1b l e or 
.·, ·:, · 1•r1,1 1,1., 1r1•1· . lhc 1-. ,1ll' r· ,\\3iL'lllll' f ur· r·t' li,1rge ir1 c l udt•'> I C'dktgc 
'r \ 1 ,11 <,111J l-.. Jll,1 ,- ,l \ lev,Jy . • >:,u: face nlllolf tr-om i r rigated l ,111 cl, d i scharge 
,, , p1ll.,\1»· tl f 1' \ l''-' . 1r·1· 1(Jdt i o11 1,JlLT , drHI S!'t' p,19' t o ti lt' w,1tf' r t c11J l e 
• rt n th1• 1r1·1g,1ll'cl IJnd 1t<.l'lf . 

l.tll'r 11 111 l_y , w,1t1' r bc1 l a11 ccs in the il'l'i<pt.cd orC J <; have not hr. en 
',· ,•1111 111, •d , l' XCL'P l r o r tht' fl <l':> C- O Gr·c ,~nbc l l /\rea. Even thert! , t he pump ing 

, .1t1", ,1r·1• rh1t krH)Wn exce pt f or· the U.S . Anny Corps of Engineer's 
r .. 1l1 t11 ·'., . In IIIL' ':> l i ns t Jnu•s . only the pump ra ting i s av~i l abl e , an d 
t11c ,1:111, u11t of .... c1 t er u. ed and t he amoun t l os t at variou s poi nt s can only 
t1l' l''> t 1111,1tt•d . r1i ,1t l 1is ses .:i r·e co ns i de rabl e are r ec orded in s uch studi es 
h 111,lt o f t he U. S. Anny Corps of Engi neer s (1978) i n the Pasco Gree nbelt 

, ! t',I , \\li e,· l· the on<. t•t of the irrigc1 ti o11 se ason i n the We '> l Pas co 
1 R i t' r· i e1,) ,1 1·1•c1 i c; rnr1 r ked by a 3- foo t r· i se i n tne wc1t er t abl e . 
Gr·o u11 cllvate1· cond i t i ons wi thin the <. t 11dv areas li s t ed arc d iscussed 
111di idua lly in the fo llowing sec ti ons . The reader is re f erred to tl ,e 
acco111pany in g plates for r ef eren ce geo graphi c lo ca tions , e xcept where 
o ther· f igures ha ve been pro vided. 

THE PASCO GR EENBELT AR EA 

History of the Area 

The Pas co gra ve l s are most prominent and abundant in the Pasco 
Green bel t Area of the study area. There, the geologic structure, 
st ra t i graphy, and impact of the glaci al Lake Missoula floods have 
com.b ined t o p r ovide the highest y ie ld aquife rs in the study M ea. An 
o ver pl enti fu l supply of impo r t ed irr igat ion water r echarges the aquifer 
and assu r es a wa t er tabl e h i gh enough for mo st needs. 

Irr i ga tion de ve lopment v ia wells and the geologic conditions present 
ha ve res ul l ed in loc al over-pumping in some locales, although drai nage 
problc~s nave de ve l oped e lsewhere . Cons equently, mo r e deta i l ed geologic 
and hydr o l ogi c st udies have been conduc t ed there than in any other singl e 
loca l e in the Pasco Bas in extern a l t o the Hanford Site . 

Pl ate 8 , the unconfined wat er- t abl e map, s hows the app roximate 
gr·adien.t and l eve l s of the wat er t abl as de t ermi ned from recentl y 
r·,•porl d l eve l s , large ly new we l l s . Pre vi ous r eports ( for c x.:impl e , 
,./ ;il Pr<, r1nd Grol i r r , 1%0) s ho w wal 1 r - tahl e leve l s .:i s t hey wer e prio r tn 
,11 i q r1 tiun ri :c hargc . 

fhe magnitude of t he ct1an9(' i n ?O yeM s i s n !ad il y appMl'lll. At tilL' 
lru1•·1 1·nrl'. of Smi th Cr1 11 y on c1nd Esqual/ e l Co1 1l r 1' , l r ve l s t'll':, t' llll11'L' th,111 
' fJ(J t('(: t . fhi :; i'> in spit£! of pump,HJI' frn111 ir·r· il_l ,1tiun Wt' l h in IH1th 
r11q l 1·1:', . 

,, 
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F.1r t ht"!1 · (i lwn ur ,,d 1ent tow.1rd the Co lum bi.1 River, the l ev, •1-; s how a 
p1\)g1·e ssiv •l y 1t0 sser ,·ise until, ,,t the Colu111 bia Riv er , le v,J s are as 
no ted i n 19~ 9 . 

The U.S . Anny Cor ps of Engineers , as part of the McNa r y Darn proj ect , 
cons t r uCLed abovegrnund and underground l evees to protec t l ow- lying pa r t s 
of Pas co and Kennewi ck from the wat e rs of La ke Wal1ula. The l evees are 
f ounded on the im penneable silts and clays of the lowermo st part of the 
Ringo ld Format i on . Free movement of ri ver or groundwaters beneath the 
levee s 1s pn~cluded . 

Collectjon ditches behind the levees collect groundwaters dr~ining 
towa,·d the Colum bi a Riv er and dive r t them to pumping stations. There, 
they are lifted into the Columbia River. Automatic controls maintain 
levels of 330 to 332 feet altitude at the pumping stations. This is the 
p,·e -McNary Dam l eve l of the river and water table there. 

In the Pasco area, one pump station lies at Road 56 and the levee 
( 332 feP.t altitude}; the other at the continuation of Illinois Street and 
the levee (Northwest 1/4, Section 31, Township 9 North, Range 30 East). 
Ove r the years, the pumping rate at the Illinois Street station ha s 
st ead ily increased and is now more than double its original rate. The 
rate at Road 56 is nearly unchanged. The change in pumping rates 
reflects increasing drainage from the South Columbia Basin Irrigati on 
District, but the lack of change at Road 56 reflects geologic b~rriers 
th at divert the increased drainage away from the Road 56 stati on and 
toward the Illinois Street station. Consequently, groundwaters unable to 
escape to the river via their normal paths were diverted into unnatural 
courses and effectively ponded. By 1969, increasing irrigation runoff 
combined wjth increased pumpage into the area by the Franklin County 
Irrigation District resulted in the water table surfacing at Road 52 and 
Pear l Street. For several years, the water table rose at an ann ual rate 
of 6 inches a year. 

The Walla Walla District of the U.S. Army Corps of Engineers, 
res ponsible for lands imnediately adjoining Lake Wallula, construc t ed a 
pum pi ng station at Road 52 and Pearl Street to dewater the area. A drain 
ljne was in sta lled beneath Road 52 into the Columbi~ River. Pumps with a 
capacity of 6,000 gallons per minute began operating. The water table at 
the pump site was lowered about 6 feet, but only a few inches at 1,000 
feet away. The data confirmed that the locale lay on the south side of a 
very highly perm eable area. 

The groundwater probl em was compounded by construction of a pumping 
station by the Franklin County Irrigation District between the Rodd 56 
s t ation and the Road 52 outfall. Its purpose was to be tter press ur· i ze 
the i rriyation 1 i nes . Accurate records of the pumping r·ate at that 
s tation or the s tation at the west ce nt er of Sec tion 18, Township 9 
North , Ran~e 29 Ea s t that feeds into the canal system are not kn own . 
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The U. S. 8u reJu of Reclamation , under pressure to reduce the impact 
of runoff fr om t he Sou t h Co lumb ia Basin Irrigati on Distric t, const ructed 
a µu mp ing st ati on dt the junction of Se lph Land ing Ro ad and Glade North 
RoJd (m uU1 of Esquu t ze l Coul ee). Water that 1vas threate ning to reac h 
the Tri -C i ti es Airpor t via surface channels was pumped into the Esqu atzel 
Wasteway and di sch arged into the Co lumbia River . The effect of t he 
pwn ping stat ion was not ed at the I l li nois Stre~ t pumping sta t ion. 

Ultimat e ly , the pumping st ations and extensive ir rig ation from well s 
in t he Pa sco Greenbe l t Area resulted i n f alling wat er level s and 
Jec rcas ing yi elds of some w~ll s. Th is res ulted in the U.S. Army Corps of 
Enginee rs ' study (1978) . 

Geo logy of the Area and Tr ansmissivity Values 

The geo logy of the Pasco area, centering on the greenbelt, was 
~ ce termincd using al l avail abl e \'Je ll logs. Many wells had been tested for 
..e, spec ific capacity; those specific capacity numbers then were converted to 

transm iss iv i ty va l ues using the equat ion: 

T = Q/ s ( 1,700) 

1,·llcre T is tran smissi vity in gallons per day per foot, Q is quantity of 
· • water pumped, and s is t he dr awdown at that pumping rate {Theis, 1954; 

Bier schenk, 1959 ). The resulting T values are, of course, approximat ions 
t ha t are sub j ect to variation depending on size of the well, accuracy of 
measur ement of pump i ng rate, accuracy of measurement of ~rawndown, 
ef f ic iency of the well, and whether equilibrium was achieved. They are 
inte nded to provide relative value. 

N. 
The t r ansmissi vity values were determined from about 100 wells (see 

Appendix) where specific capacity tests had been run. This is an average 
of abou t one value per square mile. Plotting of contours (Plate 9) 
clearly re flect ed the effect of geology there; hence, provided quality 

0' assura nc e of the val idi t y of the concepts determined. 

A very low-yiel d zone (less than 10,000 gallons per day per foot ) 
borders and evidently underlies the Columbia River, at least from west 
Pasco and prob ab ly we st Kennewick across from Burbank. It reflects the 
presence , ne ar the water table, of the low-permeability silts and clays 
of the l ower part of the Ringold Formation. South of the axis of the 
Pasco sync l ine , those sediment s rise steadily toward the Horse Heaven 
Hil l s at a grea t er rate than the water table, effectively thinning the 
aquife r . Beyond the Snake River wh ere the silts and clays are eroded , 
t he under lying basa lt s are progressively closer to, then in, the r i ver 
bed caus ing the aqu ifer to thin and pinch out downstream. 

The yie lds are consi stently higher northward f r om Pasco ref lec t ing 
the eff ec t of the Pasco syncline and the downfol ding of the si l ts an d 
c lays appreci ably be low t he water tabl e. Deyond Se lph Lan ding Road , th e 
si lt s r1 nd cl ays , and ulti mately the basa lt s, r i se suf f ici ently hi gh to 
thin and fi nally lo terminate t he uncon fined aquifer . 
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Tile gt>o logy , a~ co nfinn ccl hy the tr·.:i n.,mis sivi t y va lue<, , r. l earl y shows 
why dra i nage prob l ems have <l f' ve loped i n wes t Pas co and why the pumping 
s t at ions lidve pro ved i na de quat e in de wat er ing the area. 

The highest yie ld we lls, produc ing 3, 000 or more gall on~ per minute , 
li e i n a recti l i nea r patt ern form ed by zones t re nding no r th - northeas t and 
wes t -nor t h,1est. Those zones are , res pecti ve ly, the sub- s urface 
co ntinuat ions of Esquatzel Coulee and Sm ith Canyon and an ance5 t r al 
Columb i a Rive,· channe l, all evidently cut during the glacial Lake 
Misso ula fl oods. Those channels, now f ill ed with highly permeable Pa sco 
grave l s , are the pr inc ipal high-yi e ld aqu if ers of the Pas co Greenbelt 
Area . Elsewhere , where s uch channels do not exist, such as west of Road 
68 , the pcnneabi lity and t r ansmissivity values are typical of the Ringold 
Format ion co ngl omer ate, and yields of wells are on the orde r of a few 
hundreds of gall ons pe r mi nute. 

Wes t of Esqua tz e l Coul ee, the water-table aquifer continues 
northward, where the westwa rd-dipping basalts lie adequately below the 
wa t er tabl e . Very few wells are present and yields are low to very low 
(a few tens of gallons per minute). Most wells penetrate into and 
pro duce at least some water from the basalts. Specific capacity data for 
these wells are sparse and the accuracy of the data, especially for the 
unconf i ned aquifer, is low. Moreover, most of the wells are 20 or more 
ye ars old and neither the current water-table level nor the eff ~ct of 
irrigation runoff and perched water tables are known. 

The water-table gradient and very high-transmissiv i ty zones trending 
sout h- southwest from Smith Canyon and Esquatzel Coulee confinn that most 
wa t e rs i n the Pasco Greenbelt Area are derived (recharged) from those 
co ulees . The water, upon entering the low-transmissivity zones near the 
Co lumb ia Ri ver, are diverted east-southeastward either along the highly 
p~rm eab l e zone immediately north of Pasco, or for waters at Road 52 and 
Pearl Street (the U.S. Anny Corps of Engineers' pumping stat i on) through 
t he sediments of lower permeability toward the lift station on the 
proj ection of Illinois Street. 

The Wes t Pasco (Rive rview) ar ea i s likened to a bathtub with the 
nor t h si de breached and a high south rim. Wilter can freely enter the 
" tub," but can escape with difficulty only by rising over the high south 
ri m t hat has few breaches in it and by flowing through lower pennea bi li t y 
sedi ments to the lift station. 

Signif icantly, the lift st ation at Ro ad 56 is ineff ec t i ve because of 
t he lo· .-pe nn eabi lity sed iments be tween i t and the U.S. Army Corps of 
EnrJ i nr:ers ' pumpi ng s ta t ion at Road 5?. and Pea rl St reet . Sm al l J1no un h of 
w11 l!:r reac h the I if t s t ati on f rom the nor· t h, but mo s t wa t rs M e clt:i ri veli 
f ,-o rn Utf! wes t vi a co llec t ion d i t ches . Far the r· clown s tn'a111, heyond the 
1111 d1~rgrou nrl l evee <; , groundwaters are f 1·ee t o f l ow in to I.Il e Co l um bi ,1 Ri ver 
m:•, t and northea s t of Sacajawea Park ond no dr ,1 in agc prnbl f~n s t~xi t t he1·e. 
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The t r ~nsmi ss iv i t y val ues calculated from the specific capacity data 
were used ls the bas is of the model study of the area. Following the 
model study , t he station at Road 52 and Pearl Street was shut down and 
surface wa t er in Esq uatzel Coulee was diverted into Smith Canyon. Tha 
plan t hen reliPd upon pumping from irrigation wells to protect the West 
Pasco (R i verview) area, and used excess water to recharge the a(Ju ifer in 
Smi t h Canyon whe re levels had fallen. In late 1979, water levels were 
be l ow the land surface level in the low areas i n We st Pasco (Riverview). 
about as predicted by the U.S. Army Corps of Engineers' model study 
(1978) . Recharge of Smith Canyon was inadequately effective, probably 
bec ause of a too-low flow, a too-short recharge time, and possibly 
channel i ng of the water away from the areas needing recharge. 

The Pasco area study demonstrated that relatively complex and 
detailed geology can be identified from water well logs. In addition, 
us able transmissivity values can be determined from the specific capacity 
tests. The values then can help explain the geology and, in turn, be 
exp 1 a i ned by the geology. 

THE BURBANK-WALLULA AREA 

Subsequent to the Pasco area study for the U.S. Army Corps of 
Engineers, a smaller but similar study was conducted for them in the 
Burbank area. The purpose was to determine if sites existed in which 
yields of wells could meet or exceed 1,000 gallons per minute . Tes t 
dr i lling had failed to disclose any locales. No computer modeling was 
planned. 

The available logs of wells were examined in the same manner as for 
the Pasco area. A geologic map and transmissivity map were constructed, 
coordinating the geology and the transmissivity values. Plates 5 and 9 
contain updated ve rsions of those earlier maps. 

More than 100 wells are recorded from Burbank to Wallula Junctior. 
This is an average of more than two wells per square mile into or through 
the unconfined aquifer. Yields of wells common ly are a few tens of 
gallons per minute. 

Only one limited zone was found in which high yields are possible. 
I t is a northwest-trending zone that appears to be the continuation of a 
similar zone in the Pasco area (see Plate 9). A review of well logs 
i ndicated the presence of a scoured channel in the Ringold Formation 
surface that was filled with Pasco gravels. The data and conclusions 
agre~d with the general findings of the more experienced drillers who 
have wo r ked in the area. Plans for a proposed :>roject were dropped . 

Expansion of the Boise Cascade plant at Wallula called for a water 
supp ly increa se by 5,000 gallons per minute desirably from groundwate r 
so urces . Following the drilling of several test wells that yielded about 
300 ga ll ons per mi nute each confirmed Ringold Formation congl001era tes. 
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Th, • h,1t cr-t.1h;t' y,·,1J1t •11! 111 llrt' l3t.:1 ·1>,111k 1ll · W,1ll 11lJ J11·,1 ·, , ., , hown 
, Pl JtL S\ 1'.> llL'ln~i nCilr" l y f L1 t. liL' ll CC , [11'\JllJLl _y no s ign if 1r.,,n t n·ch<1rqe 
,,(C dr·s t 1·(,iil ltl' cas t. Because tht~ area l it~S in a squar-e lio1Jndcd by the 
Sn J~ c . wJlla WJ lla , Touc llt't, c1 11 d Co lurnbi-1 River , with 11 0 upl.ir1d, no 
.,,gn if1 c an t su rfa ce drain.1gr ex i s t s . Basa lts dip gently w1",tward and 
1, ill Pt•r·ch 1~h.1t wa t ,!rs may redch t.hrm . /\ gr i c11lt.1ffal cte v1: l orxn cnt. loca ·11y 
:11.1 .v c.1us1.: sliqh t 1·cc har·ge , hu t moc;t f ,1r-:n ing o p1•r~ tions u<,r: cji<1nt c ir cle 
·.pr1P ~l L'1·, and 111.1;.. t, cf f od s t o rn ini 111i1 t' wil l t·r· uc, e . 

Th,, l.1c ~ uf g,·,1dit~nt !.h f'n i111pl i es that r ec harge i s l,y the: Snake anrl 
l',1 lu111h 1,1 Rivt' I' '> , wit h negligib l e CJroundwat er flow and poor ly defined fl ow 
d1 1·t'C t 10n-, . Tilt' cn r1 Ct'pt o f a we ll fi el d wa'.; JbJndoncd lw cause it would 
h.1V L' t-1 h1' ,111 i1111 ,·di 11at r ly l ong , s ingl e line of wells. 

St agn ation of the groundwaters incrpases the potential of 
c0 nt.1111i 11ati un o f those grounrlwaters. Nitr·J te concentrati ons , in excess 
()t tile s t .:ind arrls of the Was hington Stat e De partment of Social and Health 
Se r-v ices , ar e repor t ed in num ero us well s . Engineering conc.,ultants 
,1ttrihute thi s to se ptic tank use , hut other evidence implicates local 
i:· r·iga ti on pr·Jctices. 

Walla Walla Co unty officials anticipate that a resear ch s tudy may be 
f llndcd to identi fy the locales and cuus es of the contamin ,11.irJn -1n:1 the 
fl ow pJt t er ns of the groundwaters. 

Fol lowing completion of Ice Harbor Dam, several resirlr:rtl.•, of the ar ea 
,·epo ,-terl that water leve l s rose in their deep basalt we ll s . The 
obser vJti on con firm s recharge of the uppermost ba sa lt aquit,-r c:, by the 
rt.?ser ·voi r· pool and wes tward flow. Data indicate, as noted , I. hat the 
liasa lt aquifers ar e low in _yield to well s . 

THE KENNEW I CK -FINLEY AREA 

Man y domestic and small irrigation wells exist in the east Kennewi ck 
t o Finl ey area . The well location map (Pl ate 1) shows a sampl i ng of 
t ypical we lls, with the total number shown estimatf'd at no more: than 
30 -40% of the pro babl e total in existence . Many shallow well s are known 
t i) be rlug wells, and many others are d1·illerl wells that ;ir e o d and/o r· 
w~ r e not re corded . 

Few we lls exist farther west, s hort of Badger Coul e!? , o r· llP ', 1 J pt~ on 
ttw Horse Hea ven Hills. We ll s are now being drilled at. .in i nc n> J -; ing 
numb(: r o f s ites into the h<1 sa lt aq11ifers to obtain higher· yiel -l <, n ,· 
.1<. surc·d ly purer wat er be l ow the lo c<1 ll _y co ntJ111in ,1ted w,1 lt'l' • t.1 ll> 
t1f11 Jif u . Mor e we ll s al so i1rt! heinq clr· ill<~d ups l npt~. hl 'yn ,1 11 t•1•' ,·,•,1ch t,f 
c i ty wat er and irrigation wi1t.t! r· or t o s 1q1ph'llH!nl. tho st~ -;nu ,·rt'', . S,111th ,,t 
Uv.: Rattl c:. n,1kr-Wa llul a lint1 .i111t•nt, ll ,1•;,1l l liC' <; .1t1nw t.l1t ' •, t ,r ,, o\ ,1t1'1 · 

11: vel , ac; it a l so docs we•; L of tl1<• 1101·t i1l '.t '-i t. l~nd nf 8.1dql 1 r· r11111'• ' . 
rrr1n•,rnissi vity v<1 lues could Ile c,1l r. 11l.1l.1'il nnl y fo1· t.lh' .1,·1,.1 1,,,1 " 1• ' ·1 
r'.1• rrnr· •d1ck and Finl ey. 

\i l 
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Th(> groundwater table lies generally only a few feet above the 
Ringold F0nnati on silts and clays or, where they have been ero<led, above 
the basalt. Well yi elds consequently are consistently low to only 
moderate , and conmonly a few tens of gallons per minute. In most of the 
area, the Kennewick and Coll.lllbia Irrigation Districts supply irrigation 
water, but wells supplement that supply and provide domestic ~Jurces. 
Groundwaters are not used to the extent they are in the Pasco area. 

Transmissivities are generally consistent from site to site across 
the tota l area, unlike the Pasco area. Values normally are less than 
50,000 gallons per clay per foot. This appears to confinn the general 
stripping of the area hy floods, and deposition of reworked Ringold 
For,1ation gravels as a unifonn, blanket-like deposit over the area. 

The wat er table slopes northward from the rse Heaven Hills to the 
Columhia River. As in the Pasco area, surface .' 4 underground levees 

I"') p,·o tect low-lying parts of the Finley and Kennew,ck areas from the waters 
of Lake Wallula. Several pumping stations of the U.S. Jl.nny Corps of 

"'- Engineers pump water from a network of drain ditches into the Columbia 
River. They maintain a groundwater level at the river of about 332 feet 
a 1 ti t ude. 

r- . 

Very few water-level records were available for wells in the 
Kennewick-Finley area; however, the indicated areal uniformity of the 
aquifer gravels suggests that the water table is a relatively unifonn and 
regular slope toward the pumping stations (northward). This is so 
indica ted on Plate 8. 

Recharge is to the south. Natural recharge is from rain and sno\rtfflelt 
runoff down canyons where the runoff can be concentrated (e.g., lintel 
Canyon , Coyote Canyon, etc.) The lack of runoff in many years indicates 
that natural recharge probably is minor to possibly almost non-existent 
in rlry years. Undoubtedly, a major source of recharge is from imported 
irrigation water. 

To dat e , the Columbia Irrigation District, operating since the early 
1900's , has been a major contributor to artificial recharge. The water 
is rleri ved by leakage from canals, spillage of excess water, and seepage 
from irrigated land that li es only a few feet above the water table. A 
s t ead ily increasing amount of water now is being added by the Kennewick 
Ir r igation District. That system, operating since the mid-1950's, is 
contribut ing significant amounts of water to the groundwaters, once the 
irrig at ed land became adequately saturated to begin draining. The 
Kenne wick Irrigation District irrigates land below an altitude of about 
650 feet in mo st of the district, but land up to 850 feet in altitude is 
irrigated in wes t Kennewick. The increasing contribution of water from 
tti r. Ke nnewick Irrigation District is noted in rising water tables 
(es pec i ally in B,idger Coulee) and in a greater number of drainage 
prob l1!,1i•, be low the cana l system (downslope ). Initially, this occurred 
wti r. r e geologic conditions concentrated runoff and precluded ready 
drai 11MJ. Subse quently, drainilge problems became more widesp read. 
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In addition to drainage problems, the developnent of the area has 
resul tee in a co rn:•sponding increase in contaminated groundwaters. 
Curr ently, a hazard does not appear present (Wood, 1977), but time and an 
i ncreasing amount of developnent ire likely to result in further 
po llution. A better understanding of the source~ of water, the flow­
pat.hs, and flow rates, particularly in the Finley area, is important, 

No attenpts have been made to date to achieve a water balance. 

THE RICHLAND-WEST RICHLAND AREA 

About 65 wells are tabulated in the Richland-West Richland Area, 
roughly 2 per square mile (Plate 1). Most are concentrated in West 
Richland where they provide cbmestic and small-scale irrigation 
supplies. Relatively few wells are known to have been tested. Well 
yields are known to be low, generally a few tens of gallons per minute. 
Many of the wells penetrate into and produce at least sooie water frooi the 

r...... underlying basalt. The yield of any one aquifer then is uncertain owing 
to a colTJTlon lack of infonnation on well construction. 

A score or more wells along Van Giesen Street tap the basal gravel 
aquifer of the Ringold Fonnation and COITTilonly reflect low artesian he3ds 
(flowing wells). The basal gravel aquifer, however, is over-developed so 
that heads decrease during the irrigation season when the wells arP 
pumped to capacity. In winter, wells are used solely for domestic and 
stock water uses and heads recover. 

Recharge of the basal gravel aquifer is from the Yakima River, 
evidently from Horn Rapids. This is indicated by the head of wells along 
Van Giesen Street. At Horn Rapids, the basalts and the silts and clays 
overlying the basalt were upwarped and eroded. Recharge of the aquifer 
is evidently low and ineffective, based on seasonal differences in the 
s tatic water levels of local wells. 

The unconfined aquifer also is recharged from the Yakima River, but 
probably in a longer strip north of Van Giesen Street where the water 
table lies within the Ringold Fonnation conglomerate (see Plate 11, Cross 
Section C-C'). Farther south, the water table dropc in response to a 
lowering of the level of the Yakima RivP- . . ~·-r .. 'Y, it lies within 
the silts and clays most of the di ,tanLC J I of" : ..:iitsen Street. 

Grol.!ndwaters in the unconfined u4v ':r , 1Ow beneath Richland, 
generally east-southeastward toward and into the Columbia River. Yields 
of mos t wells are low, with the maximum yield a few hundred gallons per 
minute , even with full penetration and developnent of the aquifer. 

A half mile west of the Columbia River, the Rinqold Fonnation 
congl omerate is trenched by north-south-trending channels (see Cross 
Sec tion 0-0'). Adjacent to the Columbia River, the Ringolrl Formati on 
surf ace drops into the river bed. Wells in both thost~ areas co111nonly 
yi r ld l ar ge suppli es . F·low in the inland r.hanncls app c~ ar s to IJ<' 
sr,u lhwdrd into the Ydkim a River south of South Ric:hLrnd, e~pcci ally 1vlw 11 
artifi c ia l rec har(w occ urs . 

J ?. 
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The Ci t y of Ri chl and i n pas t year s (be tween the 194O's and 196O' s ) 
ex t ens i ve l y rec hd: ged the the groun dwater t able aquifer in the vicinity 
of We llsian Way , as well as those in North Richland (Hart, 1958). Water 
was s ur pl ied by gravi ty flow fr0m the Yakima River at Horn Rapids to the 
Nor th Ri ch l and bas i ns . A pump station on the Yak ima Ri ver in South 
Richland suppli ed water for the We ll s ian Way fi e l d . 

The natural ly fi ltered wat er r aised the wat er table at both locales 
in t o the Pasco gr· avel s. We lls around the recharge basins thus were able 

· to pump large vo l um es of wat er into the city sys t em. Upon construction 
pf the Nor·t h Ri cnl and filt er plant, the canal system was discontinued; 
ho wever , Co l umb ia Ri ve r water from the filter plant is periodically 
pumped in to the No r th Richland recharge basins for supplemental supplies; 

Indus t r i al de vel opnent of the Horn Rapids triangle has been proposed 
s-.: vera l t imes by var ious developers. Studies that have been made and the 
f ew t es t wells that have been drilled indicate probable yields of only a 
few hu ndred ga llons per minute, typical of the Ringold Formation 

" conglome,·a t e . 

Tran smi ssivities in the water-table aquifer are about 44,000 gallons 
pr: r da y pe r foo t. Yi e lds, however, change dramatically when the recharge 
ba si ns are oper ated. 

Mean i ngful patterns of the transmissivity values are not evident, 
ot he r than th at north-south-trending channels are present. The scarcity 
of l'R ll s i n key sites and the complications induced by artificial 
,·echarge precl ude better data. 

A per che d wate r table formed from artificial sources lies west of 
Wes t Rich l an d in the s tructural and topographic low occupied by the Lewis 
and Cla rk (L-C) Angus Ranch. 

The r an ch 1 ies along the axis of the Lewis and Clark (L-C) Angus 
Ranc h sync line that extends from near Horn Rapids southeastward to the 
no,· ttie as t end of Badger Coulee. It parallels the McWhorter Canal of Bond 
and Oth e rs (1978). 

The area , bordered on three sides (east, west, and north) by the 
Ya ki ma Ri ver an d on the south by Badger Coulee, is underlain by basaltic 
lava f l ows tha t li e above the natural static water level of the basalt 
aqui f er . No surface drainage is into the area and upward leakage is 
be li eved to be trivial . Hence all unconfined groundwaters are strictly 
local ly de rived. Occasional rain and snownelt runoff from Red Mountain, 
Badg e r Mount ai n, and othe r isolat ed buttes locally may create a t empo ra ry 
wat e r- t able aquif er. The major source of r echarge to the unconfined 
aq1J i f f: r i s i rr i ga t i on . 

Vir tua lly a ll well s produce from the bas alt, with a few in the 
suuth ern and southeas t ern parts of the area tapping small amounts of 
~li, tc: r in the <;ed iment s overlying the basa lt. Those locdl es are whe r e 
i r r i gation is pr ac ti cec1, us in g water domin il nt ly from the Badger LJte ral 
Cd ri11l of the Kenn ewick I rrigat ion Di s tri ct. It t erminat es nurt h of 
"Crntly Mount ai n" and sout h of t he Tr i -Citi es R,1 Ct!ways a t Lo s t Lak e . 
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An orJer of ;,1agnitude of water recharging the water-tJl>l e dquifer was 
estimated. Seer;, ge rates were measured from Lost Lake, ,mcl from the 
Colurnbi ,1 Irrigation District canal in a po rtion along Harrington Road 
during the winter of 1977-78 . Losses ranged from 0.25 to l qallon per 
squa re foot i n sediments of the expose d Touchet Beds and encoun t ered in 
num erous wel 1 s. 

Total losses to the groundwater system from sur face ponds, canals, 
and l and i rriga ted by c ircle sprinklers using the above values are in the 
ran ge of 1,000 gallons per minute. The wat ers perch on the underlying 
basalt surface and migrate to se vera l breaches along the northeast side 
of the syncline . In two of the breaches, tile drains carry the water 
e ither into the Columbia Irrigation District canal or beneath it into the 
Ya kima River. Flow rates measured at various times indicate perhaps 
1, 000 gallons per minute draining via the drains. 

See page from the Columbia Irrigation District canal is confinned by 
t he ovm ers of we ll s adjacent to the canal along Harrington Road. They 
1·0 po,· t rises in the water level in their wells from 5 to O feet shortly 
fo llowing the filling of the canal in spring. 

Water balances probably can be determined for the area i f accurate 
f i gu res can be obtained for the water pumped by the Lewis and Clark (L-C) 
Angus Ranch, water reaching the end of the Badger Lateral Canal, and 
e vapotranspi r ation losses. 

THE BADGE R COULEE AREA 

Near ly 50 wells in the Badger Coulee Area between Kennewick and Kiona 
are reco rded as tapping the water-table aquifer. This is an average 
concentr ation of about three wells per square mile for the about 15 
square miles of the coulee. About a third of the wells penetrate to or 
into the basalt. About 30 are known to have been tested for specific 
capacity. 

The average transmissivities calculated from the specific capacity of 
the wells tested are about 15,000 gallons per day per foot; the range is 
about 3,000 to 30,000 gallons per day per foot. The wells providing 
data , however, are concentrated in the east end of the coulee so that 
oatterns are not evident. 

The higher yield wells lie along the north side of the coulee. The 
re ason is that basalt along the synclinal axis is there at its ma ximum 
de pth and rises steadily southward. The gravel that overli es basalt and 
that evidently was flood-deposited thins southward. Along the south si de 
of the coulee, the unconfined aquifer thins and the grave l s, in fact, 
pin ch out. M,m y wells to the south pass from the Touchet Beds di 1·ectl y 
int o basalt (see Plat e 11, Cross Section C-C'); r robab ly the g,·ave l s 
grade into the silts and fine sands and interfinger with t hc-m . 
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" , . . · ' ", .·,, .1t r·t• P,1'1:lt ,· St .it 1nP v.L' l l ( . t'< t 1p11 /B, Tow11 s ll1p 13 
:, 1 , :i,1·li; t• . /) 1 ", t \ 111 [l.1, l~]l' 1· lOll l t'C' Wt'l'C lying ,ll uil al titucle of illJOU t 
: • • • .. t •1 . ,,.,.> " it' ll ht• we 11 w,1.., C('illp l l'tt•d . Sull'>(' quent l y, tile 
-.t11t " 1< ~ 1•·1 q,1t1tir1 U1s tric wJc; com pl rted Jnd 11-r i9c1lion l.Jegdn by usi ng 
, .. 1t t ,, m t Ilt' ~· a;.,.i 1n,1 R1 er at Cl1.intJle1· . 

9Gb , til t' 1-,•,Ht' f' had ris n to about 491 ft •el in c1ltitutJe , a rise of 
fv,>t Pt1 I· y1•1I· . In 1975, the lev l at Badgrr St.ition w,1<, 11p to 538 

1,t•t , .111 t1dd1tionJl ri se of 5 fe et pr yeur. ThJt l eve l i ~ the one 
pl ri t •d t1'1 tl1t' 1Jlt' 1·-t Jble map (Plat 13). I f the r·ise ha~ conti nueu at 

hL• Siljllt' r ,11 • the v.'ate ,· table now s t ands at abo ut 560 f ee t i n alt itude . 
(on.., cL,dt' ltly , the grountJwote r fl ow ,·a te is increas ing both wes tward 
to1~ ,11'c1 K1on,1 and eastwud and nor thw ard towilrd Mea dow Springs. This 

1·L•11-I c m he f' pec t rd to co ntinue for an indefinite period. 

\.frJls d1·i llt~d in the l as t several y ears on the Badg.::r Plateau (the 
high bt~nch so uth of Badger Mountain) encountered static water levels in 
t he P,·i"s t Rapids Member aquif er (Bond and Others, 1978) at about 550 

" lt' tin alti tude (refer to Cross Section C-C' on Plate 11). The 
pL1 te11ti Jl gr;idicn t s slo pe generally north-northea st to eas t-northeast 

• (sec F igtir-e 3) , and appear to radiate from Gande r Hil 1. The data suggest 
,·e chM e of the basalt aqui fer in the scoured-out part of Badger Coulee 
\\here he Pri es t Rapids Member aquifer is exposed in the coulee walls 
l)c 1r•1•1 the upper l evel o f the coul ee- fill sedim ents. 

GJnJe ,· Hill cres t s at 1,317 feet. The basalt in the coulee floor is 
• . s li , htl y t1igti , r· than 400 f eet , for an altitude difference of nearly 900 

feet . Bo nd and Others (1978) show that the top of the Priest Rapids 
Mem')e:r is at an altitude of about 500 f ee t, or about 100 f ee t above the 
c,,u1 e ' floor . It thus is i n an exce ll ent po s ition for recha!"ge there and 
t o the wes t f or an unde t ermined distance . 

I f the wat er-tablP. l evel in the coul ee is 560 feet altitude (on the 
basis ~f Figure 3), the gradient to the nea re st we lls is abou t 5 feet per 
mile ; o l ow gradi ent compared to that farther north. A high permeability 
thu s i ~ inferred , compared to that farther north . If so, it suggests 

h hr Bildge r Co1Jl ee fault and monoclinal fold do not act as subsurface 
h .1r-,·ic ,-s to lateral groundwater movement, but rather as perm eable 
conclui s . If so , wat er may flow into the Frenchman Springs Member 
1q ifPrs at s t i ll greater depth, thereby recharging them. 

Tl, ~ nc tual flowpat h of groundwaters in the Pri es t Rapids Member 
r:ri Ii1 u 11r.doubted ly vari es grea tly, at l eas t lo ca lly, from the indicated 
p1:. I1 ·.l 1own on Figure 3. In Badger Mountain, the Pri es t Rapids Member 
]r,r , il y lie'> fJr abo ve the sta tic willer l eve l ,ind i s dry . Water flowing 
Ir , 11,1· t.,1 li1 1l o1r zonP~ llr. h1een ~i a,;a lt flows i s rlive1· t rd a,·o un d the 

111<,I rn . 1Ir1, i11 Jddition l l, fo ll owin g the 111o re PL' lllll ',1bl l' llrnes in the 
dl flJ i f f •r , 

·,1r ,1t i ,J r,1plii crJlly hi<Jher aqu i f(•r·<, u11clold1t1•cl l y di'!' n •r hMlJt'd in B,1tl~1t•1· 
r,, i t,,,. ,it ,, ,,,. l111 "/ li1• li!' low t.tr1~ WJl'r tahlP. 1- lmv in t.llt'lll i s 
''" 1•!1 , ,il ,! 1 11 111,1• 11J111pl1•x llf'c,111<,e tilt• ,Hp i i l1 •1·.., ,11'1' r l n-..t•1 · I t> lht' '>llr l ,lt.t' 
1' !: 1,,, .,,,, .. ,. 1,,1,1, .,t •111tl1 11 11· 11.i•,.1I1. '> in ,1 <0111p l t•x p,tlt, ·1 11 lit · .. 1t 111 ·., t,•d 
:HI I, / 1,,, ,, l1 • .. ·.p,,, 1I ir l 11 ·,1d ii.it ,1 <11111 •, pt'C il l t 1·t1p ,ll 1 t y 11u111! 1, •1·-. ,11 t ' 
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FIGURE 3. Map of the Badqer Plateau Area (showin9 wells penetratina the Priest Rapids Member aquifer 
and s tatic water levels [oiezometr ic heads] in that aquifer) . Direction of flow indicated. Leve1s 
are feet above sea level . 
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large ly lacking. Wel l data cb sho~1, however , that the Yakima River north 
of Benton Ci ty is a gaining stream on its left (·,.iest) bank, but is a 
l os i ng stream on its right (east) bank. On the east bank, waters are 
mo ving eas twa rd i n flow breLci as in the Umatilla Member as s hown by wells 
i n Sec tion 32, Townshi p 10 North, Range 27 East. The water then is 
moving towa rd and beneath the Harrington Road area. The waters there 
pass beneath the Ya kim a Rive r and Rich1and, and turn southeastward and 
sout h. 

Stratigraphically highe r basalt aquifers are more affected by local 
irrigation practices and local runoff across the eroded or upturned and 
exposed edges of the aquifers. We lls, however, commonly tap several 
basalt aquifers so that the heads measured, in many instances, are 
integ,·ated va lues of the heads in several different aquifers. 

Tht.' ar-ea is one in which careful measurements of heads during and 
followin g drilling are important. Positive identification of the 
aquifers and the potential yields of each need be made before more 
quantitative conclusions can be derived. 

The Badger Plateau Area is one of the few sites in the Pasco Basin 
where all wells so far drilled over a linear distance of 7.5 miles tap 
t he s a,ne aquifer (the Priest Rapids Member); hence heads are readily 
re l atab l e to each othf.r. Ten of the 11 wells drilled to date prod ~ce 
water fr-om flows of tlie Priest Rapids Member; the remaining tap th,~ 
Frenchman Springs Member at evidently the same head. 

Only fi ve of the wells have so far been tested. Only four of the 11 
fully penetrate the aquifer, and two of those are not yet tested. The 
t r ansmiss ivity values that can be determined from the specific capacity 
values vary 25-fold. This reflects both changes in the aquifer and, in 
one instance , different procedures in drilling and develolJllent. 

Transmissivity values for the aquifer are of questionable use. If we 
us e int. ennediate values of 16,000 gallons per day per foot, an aquifer 
width of 8 mil es , and a gradient averaging 1 foot per 100 feet, the water 
flo wing through the aquifer is roughly 6,700,000 gallons per day. This 
i s equivalent to l ess than five wells each pumping 1,000 gallons per 

rn inute . It i nd icates the importance of monitoring water levels during 
pu mping, de t ermining rates of water use, and the careful spacing and 
t E:s ting of all we lls. 

The Priest Rapids aquifer appears to be one of the more important 
aquif e r s in the Pasco Basin . Data on it can he lp in an analysis of other 
ba'.:.a l t aqu if ers . 

THE SOUTH COLUMBIA BASIN IRRIGATION DISTRICT 

Th ~ Sou th Col umbia Basin Irrigation Di s trict is that pa rt of the 
Co lumbi a Basin Irrigati on Proj ect that coi nc i des with the ea s tern an d 
nrJr th ern parts of the s l11dy arPa. It is one in whi ch irri gH ed 
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,1yr1cul t un! dominates . It is divisibl e into t\l,\) pri nc ip al par t s , the 
L',1s t por·t of t h' ba'.". in (nort h of t he Pas co Greenbe lt Area) and t he north 
pdl' t of t he basin (Wahluke Slope) . 

Mos t l',{>l l s ar-e cbmestic we lls, cons equently of low but unrecorded 
_yields . Only on wes t Wa hluk e Slope, in the c.oul ees and very locally in 
the bd salts , have higher yi e lds been obt a ined . 

Th2 average we l l densi ty is about one we ll per 2 square miles, but on 
Wahluke Slope large ar eas exist wi th no we ll s . Data hence ar e locally 
abs0n t or nca,· ly so, and conc lu s i ons must be derived by inf erence and 
compa ri son to other l oc,1les . 

The cong l omera t es of the Ringold Formation occur in a belt along the 
Col wnbia Ri ver extend i ng up to about 3 miles east of the river. 
Groundwate rs are present in the conglomerate, but generally the depth to 
1~a t e r from the cres t of the bluffs is so great and the yield so low that 

o mos t 1'.€l l s can or;i ly be affordP.d by communities. Yields conrnonly are a 
fe w te ns of gal lons per minute or less. 

.. 

Fart he r east, individual, private wells exist, but must be developed 
in t he Ringold Fonnation sands or silts and clays and in the underlying 
bas alts . Stil l farther east, the basalt rises above the water table and 
all we lls are drilled into and produce from the basalts. 

In Ringold Coul ee, many wells tap permeable Pasco gravels lai d do wn 
on t he coul ee floor. Wate rs in the coulee are derived from the north. 
Wat er l eve ls rising in the Othello to Eagle Lake and Scooteney Reservo i r 
area in 1957 topped the axis of the Sao~le Mountains anticline and 
dr a i ned so uthward. The waters were confined within the coulee by the 
imp enneabl e Ringold Formation sediments Lhat border the coulee. The 
·.~at ers emerged at Ringold Springs, atop the local silts and clays of the 
Ringol d Fonnation that form the flo0r of the coulee (see Plate 10, Cross 
Section B-B'). 

El sewhe re, aquifers are recharged by irrigation waters. This is 
cl ear ly demonstrated by an increasing amount of water appearing as 
per ched water along the White Bluffs and along the walls of Ringold 
Coul ee . Some of the water has been tapped by shallow wells. 

The U. S. Bureau of ~eclamation maintains a network of water-level 
(dr ainage obs er vation) wells (see Walters and Grolier, 1960) and 
periodi ca lly monitors them. The l evels shown on Plate 8 are based on old 
data , for rela t i ve ly f ew new we lls have been drill ed. The newer we ll s 
gcnE::ra lly penet rat e i nto and produce from the bas alt, both to obtain 
som ewha t higher yi e lds and water free from nitratf> contaminJtion. 
Conseque ntly, specific capacity and numbers are meaningless. Volumes of 
movlng wat er ~re generally low to very low, e xce pt in the mouth of 
Rin 9u ld Cou l ee where total runoff has incre ased from nothing i n 1957 to 
pro bably more th an 10,000 gallons per minute today; el sewhere , the si l t s 
,rnd c l ays of t he Ri ngo l d Form ation prec lude much water movement. 

[k rrf:a lh Wahlu ke Slope , exce pt f or the wes t end , lhe wJter-t ~bl e 
a lt itude is poo rly known. It i s based on onl y a f rw 1-1t'l h , wi th mos t 
,,ell·, !1rndril t irll1 in to and pro du c ln y f rom Li u• hcl SJ l l. 
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Recharge of the aquifers from the Sadd le Mountains :nust be extr---: ... iy 
low , a11d data suggest that much of the recharge is from the ends of the 
slope. Priest Rapids and Wanapurn Darns at the west end of the slope and a 
rising water· table at Ringold Coulee at the east end of the slope 
probab ly cau se significant flow toward a midpoint of the slope in both 
the con fin ed and unconfined aquifers. Water levels (Plate O) reflect at 
least in part the heads in confined aquifers not readily distinguishable 
from the unconfined water-table levels. 

Irrigation under way on Wal)luk e Slope is developing extensive perched 
wate r bodies, with some recharge of the regional water table. On the 
east part of the slope, the perched waters already are reaching the White 
Bluffs, induc iny large-scale and extensive landsliding over miles of the 
bluffs. The problem is steadily worsening and can pollute and/or locally 
diver t the Columbia River channel. 

RECOMMENDATIONS 

Scxne existing water-well information might be used for addressing 
other hydrogeologic questions in the Pasco Basin besides those raised in 
this report. Future work should be guided by specific data needs and 
thus the items noted below are given for consideration should such 
information be required by the basalt project of Rockwell Hanford 
Operations. 

Perhaps the more important consideration to data gathering is the 
recognition that built-in inaccuracies in water-well data (such as well 
locations, altitudes, and depths) do exist and there is the need to 
recognize and reduce these inaccuracies insofar as practicable and 
me aningful. In addition, new wells are being constantly drilled in the 
Pasco Basin and information from these may be used to expand/validate/ 
correct previous characterization concepts. 

The following items are suggested for further work on an as-needed 
basis: 

1. Establish a long-term, low-key program for the systematic 
collection of data from new wells external to Hanford. 

2. Continue the procurement of logs of wells already drilled, but 
not yet tabulated. Emphasize wells penetrating to and into 
basalt, but do not preclude collection of data from shallower 
we lls. Identify areal gaps in the record and locales of 
stratigra ph ic , hydrologi c , or t ec tonic probl~ns; concentrate 
effort s there . For many sites, more data may merely dupli cate 
ex isting data, but simultaneously the new data may validat e data 
already in hand. 
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3. Continue to obtain the results .of specific capacity tests. 
Those tests will largely be relied upon as the basis for a 
mathematical model program owing to the virtually complete lack 
of more exacting pumping tests on wells. This will ultimately 
involve the procurement of data from pump companies and may 
present problems regarding proprietary infonnation (see item 6 
be 1 ow). 

4. Improve the accuracy of wel 1 logs now in hand. This involves 
the more precise location of wells by field inspection and more 
precise determination of the altitude of the wells, both on the 
basis of better location and by field inspection. The work can 
be combined with routine procurement of more well logs. 

5. Routinely monitor the water levels in key wells. Integrate the 
work with the programs of the U.S. Anny Corps of Engineers and 
the U.S. Department of the Interior's Bureau of Reclirnation. 

6. Establish procedures to procure data from new wells as they are 
drilled. This will significantly improve the accuracy of the 
data, its reliability, and the amount obtained. This procedure 
may be difficult to implement; much of the data may be 
con!;idered proprietary and many drillers may be reluctant to 
release data without the client's permission. Other drillers 
and some developers will be suspicious of the ultimate ust: of 
the data and the motives of the person obtaining it. 

7. Continue to check, refine, and detail the maps herein included 
to better validate their accuracy and completeness. 

8. Extend the water-well analysis program to include the basalt 
aquifers. Currently, too few wells have penetrated basalt into 
positively identified aquifers and their yields determined for 
meaningful results. 

9. Determine meaningful water balances. This is important in 
assessing the relative and ultimately the absolute irllOunts of 
recharge of the respective aquifers by natural and by artificial 
(irrigation) practices. Locales in which water balances can be 
most easily achieved are: (a) the Pasco area; (b) the Kennewick 
to Finley area; and (c) the Badger Coulee area. The West 
Richland (to Benton City) area is of more inrnediate interest to 
the Hanford Site, however, owing to the extensive developnent of 
the basalt aquifers oown to and including the flows of the 
Frenchnan Springs Member. The current lack of infonnation from 
wells means that more preliminary work will be needed than in 
the other s i tes. 

In the Pasco area, many data are available from the U.S. Army Corps 
of Engineers. The data will, however, need review, updating, and 
possible refin6Tlent. Potentially, owners of irrigation wells may need to 
be canvassed to improve the accuracy of rates of extraction of water from 
wells. 
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: ie f--enne ,11c -. 1nl0y Are,1 slo ulu penn it mea ningfu ·1 wat1!r· balance s to 
l't.' c~ t crn1 ine ,i. TherP , mos t wate ,·s ar- e b lh' ved d r ived f rom th~ 
\:>n11L·1,1 c and o lL1nbia !1-rigati on Di s tr ic t s , with probab l y minima l (if 

'1}\ 11..it ,r.-il ,·ec hJr·ge fr ·om the Horse Heaven Hills. Rates of pumping from 
t ~ ar·cJ iJ the U. S. Al1Tly Corps of Engine rs ' µumping stations , 
e Jpouansp i1·3tion l os s es, and iden tificati on of sites of major 
di ers ion , los~ . and use of irriga t ion wat e rs should perm it exce ll en t 
watt.'r ba lan ces . 

! f the magn i tudr of naturJ l recharge can be determined i n that area , 
the re,·harge into conf in ed (ba salt) aq uif ers elsewh ere wil l al so be 
,-ough 1 y i den t i f i erl . 

A c~ t erm ination of wate r ba lances in the Badger Coulee area is 
impor t an t to assessi ng the rec harge potential of the flows of the Priest 
Rapids Member·. Losses from the Kennewick Irr igati on Dis tr ic t system, the 
si t es of loss and ma gnitudes of loss, evapotranspiration loss es , and 
si t es of pumpage from we lls are necessary. The data can be balanced 
JgJins t the 1· ecorded wat er-level rise . Estimates of the effective 
recha rge of the Pries t Rapids aquifers versus the anticipated pumping 
fr om wells in the Badge r Plateau will then be possibl e . 

'wate r bulances i n t he West Richland-Kiana Area must await 
ide ntifica tion of aquif ers yi e ldi ng to each well, the total volun e~ so 

('\,' produce d, an d the app rop riat e water levels and gradients in each 
aq ifer . Ex t ensi ve wel l dri lling will mean an appreciable level of 

I'. 2 f ort to tabulate all we lls, aquifers, and yi elds. 
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APPENDIX 

TRANSMISSIVITY VALUES OF THE WATER-TABLE AQUIFER IN THE 
SOUTHERN AND EASTERN PARTS~ THE PASCO BASIN 

About 200 transmissivity values for the water-table aquifer, 
including multiple values and ranges in some instances, are tabulated in 
this appendix. They include values from most of the large irrigation 
wells , domi nantly in the Pasco Greenbelt Area. The great majority of the 
values , however, are from domestic and small-yield irrigation wells. 

Probably another 200 or more wel 1 s have been comparably tested. 
Virtually all those wells are believed to be domestic and small-yield 
irrigation wells. 

About 400 wells in that water-table aquifer probably have been 
tes ted; however, only three tests external to the Hanford Site are known 
in which observation wells were used. Pump companies and drillers in the 
Tri -Cities have verified the lack of such tests. Consequently, only the 
specific capacities of the wells were directly determined. In only two 
of the three cases when observation wells were used was the storage 
coeffici ent determined (wells 9/30-14 Mand 10/31-30 A). Consequently, 
transmissivities were calculated solely from the specific capacities of 
the wells by use of the equation T = Q/s (1,700) as cited by Theis (1 954) 
and Bierschenk (1959). In that equation, T is transmissivity in ga ·11ons 
per day per foot, Q is the pumping rate, and s is the drawdown at that 
puinpi ng rate. 

Transmissivities quoted are only approximate because they ignore well 
effic iency, storage coefficients, and lack of full penetration of the 
aquifer in many cases, and generally do not account for varying lengths 
of pumping tests. The problem of accuracy is compounded because many 
wells \\€re tested at only a single rate, basically to determine only if 
they were adequate for domestic use. Step-drawdown tests, when used, 
usually were short-term only. Maximun rate tests colllTlonly were only for 
a few hours. Even the large irrigation wells in most instances were 
tested for less than 24 hours. The step-drawdown tests seldom resulted 
in strai ght-line functions, possibly reflecting continued well 
developnent in some instances. A range of specific capacity values often 
re5ulted. 

In the Pasco Greenbelt and Burbank Areas, numerous transmissivity 
values were obtained and related to the known geology and hydrology. 
They helped explain the geology and hydrology and, in turn, were 
explai ned by the geology and hydrology; consequently, the data must be 
considered reliable overall within some yet-undefined limits of 
accuracy. It is important, however, that tran sm issivities be determ ined 
in the classical manner by the use of observation wells wherever 
poss ible . This will not only provide more accurate values, but will help 
to de termine the validity of the values determined by the spec ifi c 
ca pac ity method. 

• 
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A typic~ l example of the potential error possibi l ity i~ given by we ll 
8/ :3 -1 :? C. The .... e ll t est by pump produced a reported 19 g,1l lons per 
, inu t e with G.5-foot of drawdown, for a specific capacity of 38 gallons 
per mi nu t e per foot of drawdown and a transmissivity of 64,600 gjllon~ 
p r day per f oo t. A bailer t est on the same well gave a yield of 25 
ga ll ons per minute with 2 feet of drawdown, a specific capacity of 12. 5 
ga ll ons per minute per foot of drawdown, and a transmissivity of 21,250 
ya ll ons per day per foot. The latter value is comparable to values 
obtained in nearby wells in the same formations, but probably was less 
ac curately determined. Greater pumping rates and, consequently, more 
drawdown may have given even different specific capacity and, hence, 
transrnissi vity values. This is confirmed by the specific capacity and 
transrnissivi ty values obtained at well 9/30-14 M that varied by a factor 
of about three when it was tested by using an observation well. 

Generally, only a single transmissivity value is reported owing to 
the unknown magnitudes of the variables affecting the values. lf several 
tests were run at significantly different rates, the values for each test 
are given. Pumping rates are tabulated as a means of identifying the 
probab le use rate and type of well. Drawdown is not tabulated. 
Transm issivity values range widely for wells pumped at comparable rates, 
but which achieved appreciably different drawdown. The tabulation is by 
section, towns hip, and range to facilitate finding the values, rather 
than by local areas as discussed. Wells listed by such designatinns as 
"NE 1/4" generally lie in the center of the quarter section. 
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Pumping Rates Mid Transmi ss i vity Values for Selected Wells 
Tapping the Water-Table Aquifer in the Southern 

and Eastern Parts of the Pasco Basin 

Pl.111ping Rate Calculated 
Weli ( gpn) Transmissivity* 

(gpd/ft) 

7/31-10 G 160 170,000 
320 127,000 
400 62,900 

7/31-10 R 300 56,100 

7/31-10 R 300 255,000 

7 /31-10 R 300 85,000 
~ 

0 
7/31-10 R 300 255,000 

7/31-14 G 166 56,100 

7/31-14 N 30 5,100 

C'I, 7 /31-14 N 60 10,200 

7/31-14 Q 1,300 221,000 

:0 7/31-14 R 250 35,700 
375 37,400 
530 37,400 

7 /31-14 R 200 13,600 
340 18,700 
460 22,100 

0-. 8/27-7 D very low very low 

8/28-6 8 1,220 20,000 

8/28-6 J 1,557 23,000 

8/28-7 H 75 3,000 

8/28-8 D 100 5,100 

8/28-11 D 250 5,600 

9/28-11 J 20 10,200 

*After Theis (1954) and Bierschenk (1959). 
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TABLE Cont'd 

Pumping Rate CaJcul ated 
Well (g~) Transmi ss I vi ty• 

( gpd/ ft) 

8/28-ll J 20 13,600 

8/28-1 2 A 50 8,500 

8/28-1 2 B 30 3,400 

8/28-12 C 20 6,800 

8/28-12 C 235 8,500 

8/28-12 C 19 64,000 

0 
25 21,250 

8/28-12 F 20 1,100 

8/28-14 SW 1/4 25 . 5,100 

r- 8/28-14 SW 1/4 25 5,100 

8/28-14 M 25 10,000 

8/28-14 N 30 10,000 

8/28-15 N 30 25,500 

8/28-15 Q 350 2,500 

8/30-1 J 20 3,400 

8/30-3 R 50 42,500 
c,,. 

8/30-5 G 40 17,000 

8/30-7 D 35 11,900 

8/30-8 C 90 204,000 

8/30-9 A 172 102,000 

8/30-9 H 60 19,000 
70 44,000 

167 22,500 

8/30-12 C 40-50 4,500-8,500 

*After Theis (1954) and Bierschenk (1959). 
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TABLE Cont'd 

Pllllpi ng Rate Calculated 
Wel 1 (g?TI) Transmissiv1ty* 

(gpd/ft) 

8/30-12 D 100 17,000 

8/30-12 D 35 12,4CO 

8/30-12 D 20 17,000 

8/30-12 E 18 30,600 

8/30-12 E 60 7,000 

8/30-12 K 600 680,000 

-· 8/30-12 L 18 76. 500 
O' 

8/30-12 L 40-50 7,000 

8/30-12 NW 1/4 230 39,100 

8/30-12? 1. 150 646,000 
(' 

8/30-15? 20 17,000 

8/30-15 A 20 17,000 
!) 

8/30-15 D 35 60,000 

8/30-15 D 60 34,000 

8/30-15 F 25 20,400 

f 8/30-15 N 25 20,400 

8/30-15 N 25 20,400 

8/30-15 R 25 42,500 

8/30-15 R 25 42. 500 

8/30-16 J 40 22.100 

8/30-16 N 15 25. 500 

8/30-16 P 135 17. 000 

*After The i s (1954) and Bierschenk (1959). 
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TABLE Cont'd 

Pumping Rate Calculated 
Wel 1 (g~) Transmi ss i vi ty* 

(gpd/ft) 

8/30-17 D 50 8,500 

8/30-17 L 30 51,000 

8/30-19 K 20 1,700 

8/30-19 N 5-6 850 

8/30-20 B 90 51,000 

8/30-22 C 25 42,500 
(' 

8/30-22 D 20 34,000 
0 

8/30-25 M 1,170 1,020,000 
(" 

8/30-27 J 20 1,700 
tr:: 

8/30-29 A 20 1,700 
(' 

8/30-36 F 40 68,000 

8/31-3 K 11 ------
, ~ 

~ 
8/31-4 P 40 34,000 

8/31-6 E 30 102,000 

8/31-6 F 30 25,500 
J • 

O" 8/31-9 A 20 -------
8/31-9 H 30 -------
8/31-9 H 30 5,100 

8/31-9 J 20 8,500 

8/31-9 J 25 10,200 

8/31-17 L 250 < 27,200 

8/31 --17 M 20 11,900 

*After Thei s (1954) and Biers chenk (1959). 
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TABLE Cont'd 

PlJllping Rate Calculated 
Well ( 9Jl11) · Transmissivity• 

(gpd/ft) 

8/31-17 N 20 22,100 

8/31-18 A 50 < 85,000 

8/31-18 A 10 3,400 

8/31-18 B 30 25,500 

8/31-18 E 15 1. 700 

,.. J 
8/31-22 E 35 10.200 

8/31-28 R 35 2,550 

9/27-36 A 1,250 10,600 

9/27-36 D 550 28,000 
.. 

625 26,000 
~"' 

9/27-36 D 185 31,500 . . 
9/28-25 ? 300 73 .ooo 

,.., .. . ~ 
9/28-34 F 400 15,500 

c:, 1 
9/28-34 ? 400 61,000 

9/28-34? 175 27 .ooo .. 
9/29-1 H 40 1. 700 

9/29-2 F 600 510,000 

9/29-3 NW 1/4 1.100 72 .ooo 
9/29-3 SE 1/4 2,000 485,700 

9/29-4 J 175 13,600 

9/29-4 P 300 42,500 

9/29-4 Q 250 11. 520 

9/29-8 Q 150 13,000 

*After Theis ( 1954) and Bierschenk (1959). 
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TABLE Cont'd 

Pumping Rate Calculated 
Well (g~) Transmissivity* 

(gpd/ft) 

9 /29-9 SW 1 /4 825 41,250 

9/29-10 ? 1,500 850,000 

9/29-11 ? 2,000 154,500 

9/29-12 ? 3,200 680,000 

9/29-14 Q 1,550 663,000 

9/29-15 F 1,000 25,000 

9/29-15 H 1,900 408,000 

9/29-15 S 1/2 400 11,000 

~ 
9/29-15 N 20 >250 

C l 9/29-16 M 45 25,500 

9/29-16 M 240 6,180 

9/29-21 L 30 25,500 

9/29-22 A 30 10,200 

9/29-22 D 20 17,000 

9/29-24 H 790 767,000 

9/29-25 F 13 170 

9/29-27 P 30 25,500 

9/29-28 C 190 610,000 

9/29-28 D 45 255,000 

9/29-28 E 115 2,193,000 

9/29-36 E 818 310,000-869,000 

9/29-26 F 230 37, 000-54, 000 

*After Theis (1954) and Biersch~nk (1959). 
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RHO-BWI-C-56 

TAB LE Cont'd 

PLJ11ping Rate Calculated 
Well ( gpn) Transmi ss 1 vity* 

(gpd/ft) 

9/30-1 D 3,200 925,000 

9/30-1 N 1,160 200,000 

9/30-2 H 2,451 520,000 

9/30-2 R 752 426,700 

9/30-3 L 2,200 530,000 

9/30-5 C 1,540 19,600 

9/30-5 K 1,600 60,400 

9/30-5 L 1,640 75,000 

9/30-6 M 180 44,200 

('J 9/30-6 M 280 47,600 

9/30-6 M 180 37,400 

9/30-6 M 420 88,400 

~ 9/30-6 R 1,000 71,000 

9/30-7? 800 27,200 

9/30-7 E 1,700 100,000 

9/30-8 A 1,600 544,000 

9/30-8 Q 1,400 103,000 

9/30-9 C 3,100 350,000 

9/30-9 J 42 71,400 

9/30-10 A 1,200 58,000 

9/30-10 M 50 85,000 

9/30- 10 Q 1,500 85,000 

*After Theis (1954) and Bierschenk (1959). 



RHO-BWI-C-56 

TABLE Cont'd 

Pumping Rate Calculated 
We ll ( gpn) Transmissivity• 

(gpd/ft) 

9/30-11 NE 1/4 1. 850 2 7. BOO 

9/30-11 NW 1/4 1,650 233,000 

9 /30-11 SE 1 /4 2,400 255,000 

9/ 30-11 SW 1/4 1,150 26,800 
450 12.500 

9/30-12 E 1,300 -------

'° 
9/30-12 Q 170 18. 700 

"' 
9/30-12 Q 620 47,600 

9/30-14 M 600 416,300 
1. 001 298,000 

Storage 1,506 243,800 
coefficient is 2.000 192. 500 
0.06-0.43; 2,500 152,000 
average 0.09 2,750 151,000 

l • 

9/30-15 D 1,600 195,000 

9/30-15 Q 1,200 55,000 
f#, I!· 

•, 

9/30-16 K 450 25,500 

. ":'l 
9/30-17 R 1,000 ·, 85,000 

0"' 9/30-19 L 40 13,600 

9/30-20 F 620 4,250,000 

9/30-21 F 2.000 566,000 

9/30-21 J 1,000 306,000 

9/30-22 E < 150 56,000 

9/30-24 C 700 153,000 

9/30-24 C 30 10,000 

*Aft 0 r Theis (1954) and Bierschenk (1959). 



RH0-BWI-C-56 

TABLE Cont'd 

PllTiping Rate Calculate1 
Well Transm1sslvity* ( gpn) (gpd/ft) 

9/30-24 D 1,200 120,000 

9/30-24 E 1,140 161,500 

9/30-26 E 2,200 119,000 

9/30- 26 H 110 23,400 

9/30-26 K 2,200 296,000 

9/30-28 K 300 3,000,000 

9/30-28 R 50 85,000 

9/30-28 R 50 85,000 

9/30-31 M 8 510-
('1 

9/30-33 H 2,000 340,000 

9/ 30-34 G 2,200 187,000 

9/30-34 Q 350 2,380,000 
. ' 

9/30-35 A 500 40,500 --
9/30-35 R 215 38,000 

9/30-35 R 500 850,000 

9/30-36 ? 50 42,500 

9/30-36 A 30 51,000 

9/30-36 F 25 42,500 

9/30-36 N 35 2,300 

9/31-30 J 25 6,800 

9/31-30 Q 50 5,100 

9/31- 31 M 28 47,600 

*After Theis (1954) and Bierschenk (1959). 
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RH0-BWI-C-56 

TABLE Cont'd 

Pumping Rate Calculated 
We 11 Transmi ss I vi ty• 

(g~) (gpd/fl) 

10 /28-36 G 25 14,000 

10/28-36 G 25 13.600 

10/29-16 C 15 650 

10/29-18 P 300 255,000 

10/29-21 ? 233 43. 500 

10/29-25 SW 1/4 1,200 127,500 

10/29-27? 1.200 75 .ooo 

(' I 10/29-28 L 470 51,000 

10/29-28 P 400 85,000 

('. 10/29-35 NE 1/4 1,250 50,000 

10/29-35 H 1. 600 65,000 

10/30-25 P 1,225 170,000 

• 10/30-25 R 2,600 510,000 

- 10/30-26 M 3,300 10,000 

"" ... 10/30-32 P 1,500 232,000 

a-- 10/30-33 N 300 17,000 

10/30-33 N 2,300 170,000 

10/30-33 R 1,500 425.000 

10/30-33 R 1,900 357,000 

10/30-35 SW 1 /4 550 20,400 

10/30-35 R 267 454,000 

10/30-35 R 211 360,000 

*After Thei s (1954) and Bierschenk (1959). 



RHO-BWI-C-56 

TABLE Cont'd 

Pllllping Rate Calculated 
Well (g~) Transm1 ss 1 vi ty* 

(gpd/ft) 

10/31-4 ? 2.000 425,000 

10/31-5 C 2,700 2,500,000 

10/31-9 M 2,200 1,500,000 

10/31-30 A 1,300 931,000 

Storage 
coefficient is 
1.3 X 10·2 to 0.1~; 
average 6.1 x 10-

11/28-24 L 75 2,125 

11 /29-20 N 20 300 

11 /29-31 N 15 250 

11/31-31 ? 3,500 2,400,000 

11 / 31-31 ? 3,500 2,000,000 

*After Theis ( 1954) and Bierschenk ( 1959). 
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