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ABSTRACT 

The Lewiston Basin is a triangular-shaped bowl of approximately 

400 mi. 2 (1000 km2) located in Northern Idaho and Eastern Washington. 

Within the basin, the two cities of Lewiston, Idaho, and Clarkston, Wash-

ington, have recently attained the status as a terminus for river barge 

traffic of the Columbia River. The purpose of this report is to investi­

gate the ability of basalt aquifers beneath the two cities to sustain the 

present and anticipated future groundwater development. 

The basalt artesian aquifers of the Grande Ronde Formation are the 

primary source of the groundwater withdrawn by the municipal and industrial 

wells in the Lewiston Basin. The Grande Ronde is the oldest forn~tion of 

the Yakima Subgroup and second oldest of the formations comprising the 

plateau basalts of the Columbia River Group. Only the upper 800 feet 

(240 m) of basalt flows comprising the Grande Ronde Formation have been 

tapped for groundwater production. The author has grouped the aquifers 

of this vertical section into a single collective unit known as the 
11 Russell 11 aquifer. 

Post-Miocene tectonic deformation of the Columbia River Group 

created the majority of the faults and folds that form the hydrogeologic 

boundaries of the Lewiston Basin. The central feature of this basin is a 

broad, assymetrical syncline with a centrally plunging east-west axis. 

The difference in elevation from the basin center to the southern bound-

aries is over 4000 feet (1200 m). Tilted plateau basalts connect these 

two areas \'Jith dips lopes that vary from 2° to 4°. The central low forms 

a focal point for the majority of the stream and river channels of the 

basin. 
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Static water levels in the municipal and industrial wells indicates 

that the piezometric surface of the "Russell" aquifer is primarily con-

trolled by the major streams of the basin, the Snake and Clearwater 

Rivers. Areas of river-aquifer interconnection occur where the Grande 

Ronde Formation crops out in the river channels or where faulting has 

provided a flow path for ~roundwater flow in the individual basalt con­

tact zones to the surface. 

Relatively high values of coefficient of transmissivity (5 x 105 

gpd/ft (6200 m2/day)) were determined for the "Russell" aquifer during a 

March 1979 aquifer test. Storage coefficient was calculated to be 5 x 10- 5 

from the same test. The overlaying aquifers of the Saddle Mountains and 

Wanapum Formations were determined to have lower values of hydraulic con­

ductivity due to the presence of soil interbeds in their interflow contact 

zones. 

Hydrographs constructed from municipal well water level records of 

the last nineteen years indicate no long term decline has occurred. The 

piezometric surface of the "Russell" aquifer has only shown seasonal 

decline caused by pumpage. Further groundwater development of this aquifer 

is possible. Such development should be augmented with additional aquifer 

tests and predictive computer modeling for optimal use. 

Groundwater quality at the present is good and fairly typical of 

other basalt aquifers of the Columbia River group. The future supplies 

may be affected by changes in water quality in LowerGraniteReservoir, an 

artificial lake that recently covered potential recharge sites of the 

basalt aquifers. 

The aquifer test of March 1979 located a barrier to groundwater 

flow that is believed to be a dike. The presence of such barriers would 
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cause greater water level decline than would be anticipated if such 

barriers did not exist. Greater distances between wells would decrease 

the water level decline in the 11 Russell" aquifer caused by groundwater 

development near such barriers. Well spacing may also be a critical con­

cern for groundwater development in areas that are located at a distance 

from the recharge sites of the Snake and Clearwater Rivers. 
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CHAPTER l INTRODUCTION 

General Statement 

Groundwater usage for industrial and municipal purpo~es is expected 

to increase in the Lewiston Basin of Lewiston, Idaho and Clarkston, Wash­

ington. This expected increase is based on the anticipated economic 

development resulting from the inclusion of the Lewiston-Clarkston area 

into the Snake and Columbia River barge navigation system as of 1975. 

Historically, groundwater has been utilized to help meet the water 

needs of the two cities. Most of the groundwater has been obtained from 

deep wells located near the confluence of the Snake and Clearwater Rivers. 

The flow system in the basalt penetrated by these wells has only been 

examined in a cursory manner by previous investigators. Their reports 

have noted the following hydrologic evidence for such a connection: 

(1) The static water levels of these wells are found approximately 

within the range and water level elevations of the Snake and 

Clearwater Rivers as they occur within the Basin. 

(2) The water levels of these wells have not shown an appreciable 

amount of long term decline in spite of increased use of the 

wells. 

(3) The water levels observed in municipal wells rose simulta­

neously with the filling of the Lower Granite Reservoir in 

Februar~ 1975. 

(4) A cessation of drawdown was observed during a 1957 specific 

capacity test of a municipal well (Mogg, 1958), indicating a 

source of surface water recharge. 

This study will concentrate on delineating the groundwater flow 

system associated with the deep municipal and industrial wells in the 
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Lewiston-Clarkston area. Particular emphasis is placed on delineating 

a river-aquifer interconnection inferred by previous investigators. 

The municipal and industrial wells penetrate as many as three of 

the four formations of the Columbia River Group of Basalts found in 

the Lewiston Basin. These wells obtain their major groundwater supply 

from aquifers within one of these formations. The author has grouped 

these aquifers into a single hydrogeologic unit called the 11 Russell 11 

aquifer to commemorate Israel C. Russell, the geologist who first en­

visioned the existance of a major groundwater flow system in the Lew­

iston Basin (Russell, 1901). 

Purpose and Objectives 

The purpose of this study is to evaluate the hydrogeologic char­

acteristics of the 11 Russell 11 aquifer in the Lewiston Basin as a source 

of municipal and industrial water supplies. Particular emphasis is 

placed on the river-aquifer interconnection as a potential limi~ to 

future resource development. The general objectives of this study are 

to delineate the characteristics of recharge, lateral flow, and dis­

charge of the groundwater flow system identified as the 11 Russell 11 aqui­

fer in the Lewiston-Clarkston area. The specific objectives are to: 

(1) delineate the hydrogeologic framework of the basin with par­

ticular emphasis on the vertical and lateral extent of the 

11 Russe11 11 aquifer 

(2) describe and interpret the water level data from existing 

municipal wells with respect to surface flow data in the 

Snake and Clearwater Rivers 
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\3) eva 1 uate the severa 1 hypotheses of recharge for groundwater 

in the ''Russell" aquifer in the Lewiston Basin 

(4) determine coefficients of aquifer storage and transmissivity 

of the "Russell" aquifer 

(5) describe the controls and limits for future well development 

(6) report the findings in a manner useful to 'flater-supply en­

gineers and planners 

Methods of Study 

The methods of study in this report were: 

(1) examine existing hydrologic and geologic reports to outline 

the hydrologic features that define and delineate. the "Rus­

sell" aquifer. 

(2) locate and compile existing hydrologic data for computer­

aided interpretation of the flow system. 

(3) conduct an aquifer test to obtain coefficients of trans­

missivity and storage. 

(4) state and evaluate alternative hypothesis of recharge, 

lateral flow, and discharge for the "Russell" aquifer. 

(5) communicate the findings in a written report. 

Geographic and Geologic Location 

The study area is located near the confluence of the Snake and 

Clearwater Rivers on the Idaho-Washington border at a latitude of 

46.)25' N. and longitude of 117°00' (Figure 1-1). The boundaries of the 

study area are approximately those of the topographic depression known 
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regionally as the Lewiston Basin. This depression is a broad shallow 

syncline with an east-west axis that plunges toward the basin center. 

Parallel to the central axis, and truncating the northern flank of the 

syncline, is a multiple fault zone which forms the north wall. The 

Lewiston Basin is bounded on the southeast by Craig Mountain, a faulted 

monocline structure. The southwest and west boundary is a broad uplifted 

area known as the Blue Mountains. 

The major physiographic features within and surrounding the Lewiston 

Basin are composed of the Miocene-Pliocene basalts of the Columbia River 

Group and later Pleistocene sediments (Swanson and others, 1977). The 

oldest formation is the Imnaha Basalt. It is overlain by the three forma­

tions of the Yakima Sub-group. The Grande Ronde is the oldest of these 

three. It is overlain by the Wanapum Formation. The youngest basalt 

flows of this Sub-group and in the Lewiston Basin are of the Saddle Moun­

tains Formation. These last three names have replaced the Lower Yakima, 

Middle Yakima, and Upper Yakima. 

The upper and lower limits of the "Russell" aquifer are tentatively 

defined from available well logs and geologic reports describing the 

basalt stratigraphy underlying the Lewiston-Clarkston area. Between the 

Grande Ronde and Wanapum Formations there exists a weathered basalt-clay 

horizon or saprolite. This marker unit is found extensively throughout 

the Columbia River Group (Camp, 1976 and Swanson and others, 1977) and is 

used in this report to denote the upper hydrogeologic boundary of the 

"Russell" aquifer as well as a time-stratigraphic boundary. Fortunately, 

the occurrence of interbeds is uncommon in the Grande Ronde Formation, 
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so that this horizon of clay is generally the lowest unit of this type 

described in the deeper well logs. The saprolite layer is at an eleva­

tion of about 600ft. (155m) along the axis of the Lewiston syncline 

where it crosses the Snake River. Production zones in the deep wells 

extend to depths of -200 feet ( -60 m ) ms l. Therefore, the tota 1 thick­

ness of the "Russell" aquifer is approximately 800 feet (245m) of ba­

salt flows entirely within the Grande Ronde Formation. 

It should be noted that the thickness of the "Russe11 11 aquifer as 

defined does not preclude the possibility of additional production zones 

at greater depth. Such groundwater production zones would extend the 

lower 1 imit of the 11 Russe11" aquifer. 

The lateral boundaries of the aquifer are fanned by the geologic 

features which interrupt the continuity of the basalt section that com­

prises the aquifer. These features include the regional anticlines, 

faults, and deeply incised stream canyons of the Snake and Clearwater 

Rivers. 

Climate 

The Lewiston Climatological Station at the Lewiston-Nez Perce County 

Airport is the best source for daily precipitation and temperature data 

in the study area. The station is located at an elevation of 1,436 ft. 

(438 m) msl which is about 600 ft. (200 m) higher in elevation than the 

confluence of the Snake and Clearwater Rivers (Figure 1-1). For a thirty 

year record, the station reports an average temperature of 51.9° F. ; 

July is the warmest month of the year with an average temperature of 73.9° 
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F. with January being the coldest month with an average temperature of 

31.4° F. Temperatures during the summer months of July and August may 

often exceed 100° F. Relative humidities for the above summer months 

average near 25 percent (Molnau, 1975). 

The temperature and rainfall combine to give the central part of the 

Lewiston Basin a semi-arid climate. The higher elevations on the margins 

of the basin are subject to greater precipitation and cooler temperatures 

than the central areas. Winchester, Idaho located just south of the 

study area at an elevation of 4000 feet (1220 m), receives 25 inches (65cm) 

of precipitation (Molnau, 1975). The precipitation in the central part 

approximates 13 inches (33 em) which includes 13 inches (33 em) of snow­

fall (U.S. Army Corps of Engineers, 1972). Most of the precipitaion oc­

curs during the fall, winter, and spring, with occasional thunderstorms 

providing more intense rainfall during the summer months. 

Streamflow Information 

Due to the emphasis given in this report to a river-aquifer inter­

connection, surface water records are provided for the reader. Table 1-1 

gives a summary of stream flow data for the Snake and Clearwater Rivers 

and Asotin Creek. The U.S. Geological Survey Water Resources Division 

maintains these gaging stations with the exception of the gage near 

Clarkston which was dismantled in preparation for creating Lower Granite 

Reservoirin January of 1973. Its replacement has been the Army Corps of 

Engineer•s stage recorder at the confluence of the two rivers. The .. % 

of mean annual flow .. data of Table 1-1 allows the reader to observe the 

seasonal variations of streamflow. 
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TIIOLE 1-1 

llfiiN MONTHLY STREIIIIFLOW 01\rll OF THE LEWISTON 81\SIN (HOlNAU, 1975) 

GIVEN IN CFS-OAYS ANV (CMS-01\YS) WHERf 1 FT3 ~ 0.02832 HJ 
~- ··---- -------

LOCATION ANO MONTHLY Oct. Nov. bee. Jan. Feb. 
~ OF H[JIN IINNUAL FLOW 

ltarch 1\pril H~y June ,July 1\uq. Sept. 

--- -----~---------------------

l. Sn~ke River near 858930 895178 1048991 1143947 1301060 1581182 2455434 3979721 J/71352 1175800 710198 1)98263 

?. 

1. 

4. 

C1 arks' 0n, Wa~h. (24325) ( 25351) ( I'Q707) ( 323Q7) (36848) (44779) (69538) ( 112705) ( l06805) ( 3R963) (20113) (19775) 
'l: nf me~n annual flow. 4.3 4.5 5.3 5.R 6.6 8.0 12.4 20.1 19.0 6.9 3.6 3.'i 

Snake River nPar 7116II 726063 835878 976694 996900 1151163 1435142 2046357 1214163 958500 566225 587586 
Anatone, Wash. (2015 3) (20562) (24238) (77660) (2R232) (3261) (40M3) (57953) (91025) (2790) ( 16035) (16640) 
or. of mean annua 1 f1 ow. 5.3 5.5 6.3 7.3 7.5 8.7 10.8 15.4 17.4 7.2 4.3 4.4 

Clearwater River at 148711 702607 767615 294802 339451 443897 851990 1524653 1281855 385288 134062 124815 
Sp~ 1 ding, Idaho (4211) (5738) (7579) (8349) (9613) (12571) (24128) (34178) (36302) ( 10911) ( 3797) (3535) 
~ of mean annual flow. 2.5 3.4 4.5 4.9 5. 7 7.4 14.2 25.4 21.4 6.4 2.2 2.1 

r,otin Crk below Kearney 1213 1403 1992 3114 2249 2879 3409 4570 3505 1541 1193 1126 
~tlch near Asotin, Wash. (34) (40) (56) (llS) (64) (82) (97) (129) ('Ill) (44) (34) (32) 
% of annual flow. 4.3 5.0 7.1 11.0 8.0 10.2 12 .I 16.2 12.4 5.5 4.2 4.0 

------------~-------

MISW.lANrOUS NOTES (U.S. GEOlOGICAL SURVEY, 1972) 

Sna~P River Near 
Clarkston. Wash. 

Sn~kP River near 
Anatone. Wnsh. 

ClParwatPr River at 
Spalclinq, Idaho 

1\sotln rrPek below 
r(>~rn"V r.ulch ne"r 
1\~nt.in. Wash. 

Station ld. 13343500, lat. 46"25'41", long. ll7e09'51", T.IIN., R. 45 £.,sec. 16, SE ';; SE '•• Whitman Co. Wash., datum 
of gaqe is 670ft. (240m.) above H.S.L.; period of record excellent until station removed in Jan., 1973. 

Station Jd. l.l334300, lat. 46°05'50", long. 116°58'36", in T. 7 N., R. 46 E.. sec. IZ, S£ \i NE \i, Asotin Co. Wash., 
datum of gage is 806.8 ft. (249.9 m.) above H.S.l.; period of record excellent, stage affected by upstream 
Irrigation and hydropower generation. 

Station ld. 13342500, lat. 4!;0 26'55", lonq. 116°49'35", in Indian allotment 19R. l. 36 N. R. 4F., sec. 22 
N£ ~ SW ~.Nez Perr.e Co. Wash., datum. of gage Is 770.5 ft. (234.8 m.) above M.S.l.; period of record excellent, 
staqe affected by upstrelllll hydropower qenerat ion. 

Station Jd. 13334700, !.at. 46°19'29", long. 117°09'03", in T. 10 N., R. •5 E., sec. 22, SW ~ SE \i, Ast>tin Co. Wash., 
dattllll of gaqe h I,OQO ft. (J.l2.2 m.) above M.S.l.; period of record good, stage affected b) upstreitm irriqi1tlon. 
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Daily streamflow information for Lapwai Creek is available from 1974 

to the present. During the 1975 water year, the month with the lowest 

daily mean flow was August with a mean discharge of 8.8 cfs (0.2 m3;s). 

The month with the highest daily mean flow was May with a daily mean dis­

charge of 292 cfs (8.3 m3/s) (U.S. Geological Survey, 1975, p. 285). 

Previous Investigations 

The earliest known study of geology and hydrology was conducted by 

I.C. Russell in the summer of 1896. Russell led a reconnaissance expe-

dition in noting the landforms, streamflows, regional geology, and struc­

ture in the Snake and Palouse River drainages in Washington and Idaho. 

In this report, he noted efforts by settlers in the Lewiston area to 

obtain water by stream diversion or well drilling (Russell, 1897). He 

returned four years later to prepare a more detailed report on the geology 

and hydrogeology of Nez Perce County, stating his interest " ... with 

special reference to the possibilities of obtaining artesian water" 

(Russell, 1901, p. 11). Subsequent investigators use his observations 

as cornerstones in their geologic reports of the area. 

The next contribution to the knowledge of groundwater in the area 

was provided inadvertently by Patrick Gibbons, a financier and geologist 

who organized the drilling of two exploratory oil wells in the Le\'.Jiston 

Basin in the 1920 1 s (Lewiston Morning Tribune, March 9, 1927). These 

wells are in service today, providing water for municipal and irrigation 

uses. Kirkham in 1927 investigated the groundwater resources for the 

communities of Lapwai and Orofino (Kirkham, 1927). Lupher and Warren 

(1942) reported on two basalt flows unique to the Lewiston basin, which 
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filled the ancestral valley of the Snake River. Graham (1949) studied 

the deformational structures in basalt flows in the Lewiston downwarp, 

located in the north-western part of the study area. Kinnison (1955) 

inventoried and described controls on the hydrogeology of the basin as 

part of a statewide survey. Hollenbaugh (1959) studied the eastern ex­

tensions and expression of the deformation studied by Graham as it ap­

peared in Idaho and also presented a composite section of the basalt 

flows in Hatwai Canyon, just north of the study area. Almost, contempo­

raneously, the southern part of the study area along the Craig Mountain 

fault was mapped by Ferrians (1958) and Glerup (1960) in master's theses 

centering on the economic geology of the pre-Tertiary limestone exposures. 

Bond (1963) provided the first stratigraphic interpretation of the 

basalt flows in the North-central Idaho area. He assigned fonnation and 

member status to the flows and interbeds of the Columbia River Group of 

Tertiary basalts in Idaho. Differentiation was based on outcrop appear­

ance and petrographic analyses. His structural interpretations led to 

further refinements of the geologic history of the area, as exemplified 

by the Sweetwater Creek Interbed, which is only found in the Lewiston 

Basin area. Lynch (1976) was the first to use a portable magnetometer 

as a mapping tool in the study area. He found it significantly aided in 

the location and description of fault movement when poor outcrop ex­

posure and undifferentiated basalt flows confronted the investigator. 

Camp (1976) used the methods ascribed to Bond and Lynch in addition 

to major element analyses by X-ray spectrometry to further refine the 

stratigraphic knowledge in a doctoral thesis of the study area. Camp 
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later mapped the Lewiston Basin more extensively in service to the U.S. 

Geological Survey (Swanson and others, 1977). Kehew (1977) reinterpreted 

some of Camp's earlier structural and stratigraphic history in his doc­

toral thesis of the environmental geology of the Idaho portion of the 

Lewiston Basin. Shallow to moderate depth subsurface drill exploration 

was performed by the Army Corps of Engineers (1963 and 1973) ta delin­

eate in-situ foundation conditions, necessary for dam and river levee 

design. 

The late Joe L. Mogg analyzed the findings of aquifer tests performed 

with the Washington Water Power wells in Clarkston. Standard aquifer 

properties were obtained, and Mogg stated that well interference from 

simultaneous pumping would be minimal (Mogg, 1958). Castelin (1976) con­

ducted a reconnaissance of the water resources of the Clearwater Plateau, 

an area which included Lewiston. His investigation focused on the use 

of ground and surface water for irrigation. One of his recommendations 

was to increase the scope of hydrogeologic knowledge in the Lewiston 

Orchards area to ascertain the potential for further groundwater develop­

ment in that area. Salami (1978) performed a smaller scale reconnaissance, 

concentrating his study on the two aquifer systems that were delineated 

by Bond and Ralston (1977) in an unpublished consulting report on the 

construction of a deep well for use by the Lewiston Orchards Irrigation 

District. 
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CHAPTER 2 GENERALIZED GEOLOGY AND GEOLOGIC HISTORY 

Pre-Tertiary Basalt Terrain 

The Miocene-Pliocene basalts of the Columbia River Group overlay a 

terrain of moderately high relief composed of Precambrian metasediments, 

Permian and Triassic volcanics and limestones, and Jurassic and Creta­

ceous igneous intrusives (Bond, 1963). The pre-basalt relief of the 

terrain in the study area was estimated to have been between 2500 and 

3000 feet (760 to 910 m) by Russell (1897). 

Geologic Features of Basalt Flows in the Study Area 

Basalts are extrusive igneous rocks of low silica content and form 

the major rock type in the study area. These basalts originated from 

beneath the earth's crust and erupted through long narrow vents known as 

fissures or dikes (Figure 2-1). Dikes associated with the Columbia 

River Group of basalts have widths of less than fifty feet but vary in 

length from a fraction to many tens of miles. The longer dikes are 

generally found on the surface as in echelon lineaments (D.A. Swanson, 

oral commun., 1979). The dikes proximate to and within the study area 

generally have a N. 10° W. strike (Camp, 1976, p. 77). Tephra, welded 

spatter, and pumice are associated with the eruption of the dike. 

The term flood basalt appropriately describes the Columbia River 

Group, as their low viscosity permitted their widespread distribution. 

Average flow thickness is about one hundred feet (Longwell and others, 

1969). The entire thickness of the basalts in the Lewiston Basin is 

more than three thousand feet (Figure 2-2). 
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As each flow is deposited, the geologic features associated with the 

pre-existing flow surface are preserved. If the time between successive 

flows is minimal, the flow will cover the porous upper surface of the ear­

lier flow and form an interflow contact zone. Weathering of the flowtop 

will cause it to oxidize and turn red, and eventually an in-situ reddish­

brown clay will form (Bond, 1963). The next flow will cover the deposit 

and create a soil interbed. The soil in the interbeds can be of assorted 

gradations, each one a reflection of the local depositional environment. 

Clays and silts indicate lacustrine deposits, while rounded sands and 

gravels are of a fluvial type. The clay formed from the weathering 

of the previous flow top may also be present. Slope wash and local 

stream deposits will increase the thickness of the interbeds near the 

edges of the flows in the basin or those lapping on pre-existing hill­

sides. 

A majority of the basalts in the study area have no distinguishing 

characteristics in hand specimen appearance. However, the relatively high 

iron content of the basalt minerals is magnetically polarized at the time 

rock's deposition and cooling. A section of basalt flows deposited over 

several million years time can provide an index to reversals in the earth's 

magnetic poles. Magnetic data can thus be used for stratigraphic corre­

lation of nearby flows. Figure 2-2 shows a composite of these correlations. 

Imnaha Formation 

The earliest Columbia River Groupofbasalt flows were extruded be­

fore 15 m.y.a. (million years ago); the most recent flows are dated at 

6 m.y.a. (Ledgerwood and others, 1978). The Imnaha is the oldest of the 

four formations found in the Lewiston Basin. It has normal magnetic 
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polarity and is found in the northwest corner of the study area as the 

core of the Gaging Station Anticline near the Snake River (Figure 2-1). 

Imnaha basalt, in hand specimen, appears dark brown in color and contains 

large plagioclase phenocrysts (Swanson and others, 1977). 

Grande Ronde and Wanapum Formations 

Overlaying the Inmaha basalt are flows of the Grande Ronde Formation. 

The "Russell" aquifer lies entirely within the upper section of this 

formation. The estimated total thickness of these flows in the Lewiston 

Basin is put at 2800 feet (850 m) in the southern part (Camp, 1976) to 

2000 feet (610 m) in the northern part (Bond, 1963). The map rock-unit 

description given by Swanson and others (1977) is probably most apt: 

"Basalt flows, dikes, and minor deposits of tephra 
forming principal formation of the Blue Mountains 
and the entire Columbia Plateau Province. Consists 
chiefly of aphyric, fine-grained, petrographically 
nondistinct flows of Yakima chemical type, including 
its high Mg and Ti and low Mg subtypes (Wright and 
others, 1973). Locally, as along Grande Ronde 
River Valley and north of Snake River in Lewiston 
Basin, includes several plagioclase-phyric flows 
low in the section .... Single flows vary in thick­
ness from less than 1 m to more than 50 m, and most 
probably cover several tens to several hundreds of 
km .... Feeder dikes of Yakima chemical type are 
distributed throughout the outcrop area of the Grande 
Ronde, and several vent areas were noted by the oc­
currence of welded spatter .... Correlation of some 
flows can be accomplished using chemistry, but there 
is no reliable field criterion based on flow appear­
ance. The formation can be subdivided in the field 
into four magnetostratigraphic units on the basis of 
polarity determinations .... fl 

This formation generally lacks soil interbeds {V, E. Camp, oral 

commun., 1979). These flows were extruded prior to 14.5 m.y.a. (Ledger­

wood and others, 1978) and before significant tectonic deformation 

occurred in the Lewiston Basin (V. E. Camp, oral commun., 1979). The 

close of this epoch of volcanism is marked by the in-situ formation of 
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weathered basalt soil or saprolitic clay found extensively throughout the 

Columbia Plateau basalts. The saprolite is used as a marker bed to 

separate the Grande Ronde basalts below from the Wanapum basalt flows 

above (Swanson and others, 1977). The saprolite also serves as a near 

time boundary and is dated to approximately 14.5 m.y.a. (Ledgerwood 

and others, 1978). The paleoclimate at the time was similar to the 

present one in North Carolina (W. c. Rember, oral commun., 1979). 

A structure-contour map of this soil horizon is presented in 

Figure 2-3. The amount of deformation which occurred in the study area 

during the volcanic hiatus marked by the saprolite is unknown. However, 

Camp (1976} suggests that initial uplift began in the Craig Mountain 

area during that time. He bases his conclusions on the absence of 

Wanapum basalt flows south of the Craig Mountain Anticline. Uplift 

appears to have occurred in the Blue Mountains of Washington and Oregon 

to the west and southwest during and after the lowermost basalt flows 

of the Wanapum Formation were extruded. The lowermost flow is the 

basalt of Dodge member which is found capping the Grande Ronde flows 

at all but the highest elevations in the Blue Mountains. However, the 

same flows are not found further east and north within the Lewiston 

Basin. Another Wanapum flow, the Roza Basalt, is one of the most 

extensive in the Columbia River Group. That flow extends over much of 

southeastern Washington but it pinches out about five miles west of 

Asotin, even though dikes of the Roza Basalt are found in a major vent 

system that passes through the western margin of the Lewiston Basin 

(Swanson and others, 1977). 

The only member of the Wanapum Formation found extensively within 

the Lewiston Basin are two flows of the Priest Rapids member. The 
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(Compiled from Swanson and others,1977; Camp, 1978) 

Figure 2-3 Structure~contour map of the Grande Ronde­
Wanapum Formation contact: The saprolite 
used as marker unit for · the top of the 
"Russell .. Aquifer in the Lewiston Basin . 
(Elevations given in feet msl) 
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pattern of occurrence of this member indicates further plateau deformation 

has occurred in the study area. Camp has found source vents for these 

basalts east of the study area near Orofino, Idaho (D. A. Swanson, oral 

commun., 1979). This member pinches out along the southern margins of 

the Lewiston Basin, yet covers extensive areas north of the study area. 

This flow was formerly known as the Lolo flow as mapped by Bond {1963). 

It attains a thickness of 200 feet (60 m) just south of Asotin, Washington 

and averages 150 feet (45 m) elsewhere (Camp, 1976), overlaying the 

saprolite until it contacts the Roza member west of Asotin and Silcott, 

Washington (Swanson and others, 1977). 

Saddle Mountains Formation 

Overlaying the Wanapum basalt are the interbeds and flows of the 

Saddle Mountains Formation that span three magnetic polarities (Camp, 

1976). The Sweetwater Creek Interbed is the lowest unit and is found 

covering the Priest Rapids flows. This fluvial deposit is wholly con­

fined to the Lewiston Basin. Its particle size grades from silt and clay 

in the basin center to rounded gravels at the margins and signifies the 

initial existance of the Lewiston Syncline (Bond, 1963). 

Overlaying the Sweetwater Creek Interbed are the eight basalt flows 

of the Saddle Mountains Formation. These flows are also confined to the 

Lewiston Basin with exception taken for four members of this formation 

known informally as the intra-canyon basalts. This informal name denotes 

the flood basalts that originated in the Lewiston Basin and followed the 

Snake River Channel downstream to the Pasco Basin in central Washington. 

These flows are formally known as the Intra-Canyon, Pomona, Elephant 

Mountain, and lower Monumental members and are dated at post 13.6, 12.0, 

10.5, and 6.0 m.y.a. respectively (Camp, 1976; Ledgerwood and others, 1978). 
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Within the Lewiston Basin, the intra-canyon basalts are found crop­

ping out near the present Clearwater and Snake River Channels. They are 

seen as well formed columns and prominent cliffs along the Snake River 

indicating the former river channel location (Plate 2-1). This paleo­

channel of the Snake River trends north-northwest from Asotin to north­

west of Clarkston, a distance of about seven miles. Geologic informa­

tion from the U.S. Army Corps of Engineers (1963) indicate the channel 

had a width of 1800 feet (550 m). The canyon depth at Asotin was about 

800 feet (240m) of which 400 feet (120m) was below the saprolite horizon. 

The channel was later bowed downward approximately 150 feet (45 m) where 

it crosses the Lewiston Syncline axis during post-volcanic deformation 

discussed hereinafter. 

The Saddle Mountains basalts form an offlap sequence of parallel 

unconformities defined by interbeds of varying thicknesses and grada­

tions. Basalt pillows were formed where the lava came into contact with 

bodies of water. A tephra deposit containing fossilized wood and over­

lain by pillows can be seen along Peaselee Avenue in Clarkston at T llN 

R 46E S 32 SENE (Plate 2-3). This exposure indicates a nearby dike of 

possible Pomona type. Drillers' logs of WWP (Washington Water Power) 

well nos. 5 and 7 (Table A-1, Appendix A) show a yellow clay interbed 

at about the same elevation of approximately 1000 feet (300 m) msl. A 

total of seven erosional unconformities have been found in the Wanapum 

and Saddle Mountains Formations (Swanson and others, 1977). 

Later Pliocene and Pleistocene Geology 

The major tectonic events occurred after the Lower Monumental flow 

of the early Pliocene. Deformation of the entire Columbia River Group 
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Plate 2-1 Intra-canyon basalts as viewed in Idaho. Photograph 
was taken near the saprolite horizon above Asotin, 
Washington. Snake River is in the foreground. 
Basalt flows of the Grande Ronde Formation are seen 
to the right and left of the younger basalt flows. 

Plate 2-2 Close up viewofintra-canyon basalt contact on 
paleo-channel alluvium. Photograph was taken at 
contact seen in lower left hand corner of Plate 2-1. 
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Plate 2-3 Tephra deposit with sill of Pomona(?) Basalt at 
Peaselee Avenue, Clarkston, Washington. 

Plate 2-4 Reverse topography associated with the intra-canyon 
basalts of the Saddle Mountain Formation. View is 
Swallows• Nest Rock on Clarkston with Snake River 
in foreground. East side of paleo-Canyon is 
defined by the linear flow of Wanapum Basalt on 
the right. 
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of basalts in the Lewiston Basin has shaped the east-west centrally 

plunging Lewiston Syncline and caused massive faulting north of the 

synclinal axis (Figure 2-1). Inclusive in this fault zone, from south 

to north, are the Wilma Fault, Gaging Station Anticline, and the Vista 

Fault (Graham, 1949; Hollenbaugh, 1959). Camp (1976) suggested that 

these features formed an anticlinal horst block near Clarkston. He 

later mapped the eastern extension to Spalding, Idaho as an en echelon 

block fault (1978) and the western extension as a normal fault, a south­

east dipping monocline and northeast trending anticline (Swanson and 

others, 1977). The total length of the structure is approximately 43 miles 

(70 km). The present channels of the Snake and Clearwater Rivers follow 

the base of the fault zone until leaving the Lewiston Basin at Silcott, 

Washington. The relative displacement of the intra-canyon basalts 

near the Wilma Fault is put at 1500 feet (460 m) by Graham (1949). 

Flood gravels, alluvium and loess were deposited in the basin after 

basalt extrusion and presently comprise the unconsolidated sediments 

(Kehew, 1977), 
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CHAPTER 3 GEOHYDROLOGY OF THE LEWISTON BASIN 

Basalt Aquifer Characteristics 

The basalt flows in the study area are assummed to have the same 

general hydrogeologic characteristics attributed to the bulk of the 

Columbia River Group of basalts that lay west of the study area (New­

comb, 1959: Bond and Ralston, 1977). Two type zones of hydraulic con­

ductivity exist within each individual flow. The flow center consists 

of jointed or crGcked basalt with low hydraulic conductivity while the 

top and bottom of the basalt flow usually consists of cracked basalt 

with a greater fracture width that results in an increased hydraulic 

conductivity. The size and the number of the cracks is dependent upon 

the differential cooling rate within the basalt flow. Relatively high 

values of hydraulic conductivity are associated with the flow top, as 

cracking will interconnect the vesicular basalt in a zone 3 to 10 feet 

(1 to 3m) thick (Newcomb, 1961). The hydraulic conductivity of the 

flow bottom is dependent upon the material encountered during the fluid 

stage of the lava flow; course grained detritus and breccia produces 

larger cracks (Newcomb, 1972) while fine grained surface deposits, 

such as clay, become vitrified and have low hydraulic conductivity 

(Mellott, 1973). Flows that invade lakes and streams develop a pillow­

palagonite structure that has higher hydraulic conductivity due to 

the cracking associated with the rapid chilling of the contact zone. 

Thin flows, sandwiched between massive flows, may be fractured through­

out and will then add their depth to the thickness of the water-bearing 

zone (Newcomb, 1961, 1972). 
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In a succession of lava flows, a layer-cake sequence of tabular 

zones is formed having widely differing values of hydraulic conductivity. 

Thus basalt flows form a stratified aquifer system that allows for both 

storage and flow of groundwater (Bond and Ralston, 1977). The continuity 

of these fracture zones is variable and dependent upon the pre-flow sur-

face. Newcomb (1972, p. 9) states: 

"These permeable zones were discontinuously formed 
in a minor number of lava flows, their distribution 
is irregular both vertically and horizontally. 
Their probable presence within a given depth can 
be expressed as a statistical probability." 

Lack of lateral continuity is one reason basalt aquifers may have low 

yield. 

Surface water recharge to aquifer zones in horizontal basalt flows 

may occur by vertical infiltration along the cracks of thin flows. The 

upper basalt flows along an anticlinal ridge may also be a recharge 

site if tension cracks developed in the younger strata (Mellott, 1973). 

If basalt flows are tilted, recharge to the tabular aquifer zones_ is 

greatly enhanced since downslope drainage can occur and a greater recharge 

area is exposed. Streamflow that occurs over basalt flows tilted at a 

low angle (Figure 3-lC) provide the optimum geologic and hydrologic 

conditions for recharge. 

Discharge of basalt aquifers can be artificial or natural. Artifi­

cial discharge is created by drilling and pumping wells in the water-

bearing basalt interflow zones. Natural discharge occurs, as springs 

or seeps, when the lateral flowpath is interrupted as illustrated in 

Figure 3-28. Belts of vegetation often delineate discharge sites in 

the semi-arid canyons of the study area (Plate 3-1). 
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Plate 3-1 Discharge of basalt aquifers delineated by belts 
of vegetation on canyon wall. View is of Ten· Mile 
Canyon of Idaho. 
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It is noteworthy to observe the stream gradient in relation to 

the dip of the basalt flows. If the dip of the basalt flows is greater 

than the stream gradient then aquifer recharge is likely. A compar-

ison of Figure 3-1 to Figure 3-2 illustrates this relationship. A situ­

ation analagous to Figure 3-2C is the placement of shingles on a roof to 

prevent the inflow of precipitation. In the study area of this report, 

the relationship shown in Figure 3-lC prevails in the lower elevations of 

the Lewiston Basin, while the relationship shown in Figure 3-2C prevails 

in the upper elevations. If the stream gradient and dip of the basalt 

flows are not concurrent, as illustrated in Figures 3-lA and 3-2A, then 

the water pressure equations of Figure 3-2 provide insight to an aquifer­

surface water relationship. 

Basalt aquifer characteristics are often modified by structural 

or tectonic deformation events. The nature of the deformation is an 

important factor in determining these characteristics (Newcomb, 1961). 

Folds and faults are important features in the delineation of aquifer 

boundaries. 

Folds are found in the study area as monoclines, anticlines and 

synclines. They share a common trait of directing groundwater flow 

along the dipslopes of their respective flanks. Within anticlines, 

the usual flow direction is away from the fold axis, while in synclines 

the usual flow direction is towards the fold axis, however, updip flow 

may be induced by artesian pressures. If major streams cross 

the tilted strata between the fold axes, the groundwater piezometric 

surface is found near the stream level, due to the optimal basalt 

aquifer recharge conditions mentioned earlier. Synclines act as 

groundwater flow collectors and basalt aquifers within synclinal basins 

28 



have an artesian potentiometric surface associated with the groundwater 

drainage level of the basin (Newcomb, 1961). 

Faults found in the study area are typical of the high angle normal 

faults found in other synclinal basins of the Columbia River Group of 

Basalts. This fault type disrupts the lateral continuity of the tabular 

basalt aquifers by creating gouge of low hydraulic conductivity and 

displacing the interflow zone aquifers next to flow centers. They may 

also increase recharge to the rocks by emplacing the basalt flows at the 

surface in potential recharge areas such as streams or snowfields. 

Lateral groundwater flow parallel to the fault plane is not affected. 

Vertical flow of a smaller quantity occurs if the fault plane is trans­

verse to the lateral flow direction (Newcomb, 1961). 

Another disruption to lateral continuity is found in sharp folds. 

Basalt flows near the fold's axial plane are crushed and the interflow 

contact may become incompetent beds of gouge and sheared breccia. New­

comb (1959) terms the above two disruptions to groundwater flow as "struc­

tural barriers". Dikes, if transverse to the direction of lateral flow, 

will also act as a groundwater flow barrier (Newcomb, 1961). 

Hydrogeologic Boundaries of the Lewiston Basin 

The hydrogeological boundaries of the Lewiston Basin are the faults 

and folds that form structural barriers to groundwater flow or dipslopes 

that influence the flow direction (Figures 2-1 and 2-2). These features 

surround the central syncline of the Basin so that groundwater flow inside 

the boundaries generally converges towards the Basin center. 

The Lewiston hill forms the northern boundary and is a landmark 

in the Lewiston-Clarkston area (Plate 3-2). A structural barrier to 
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Plate 2-3 View of northern hydrogeologic boundary from 
southeast shore (Le~iston) of the Snake and Clear­
water River confluence. Tilt of basalt flows of 
opposite dip show axis of Gaging Station Anticline. 
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groundwater flow is formed by the Wilma Fault, Gaging Station Anticline, 

and the Vista Fault. This boundary is defined as extending from Silcott, 

Washington east to the Cottonwood Fault (Figure 2-1). The Snake River 

exits the Lewiston Basin at Silcott after it has crossed the Wilma 

Fault and the Gaging Station Anticline. The north boundary becomes less 

complex towards the east as the fault-anticline-fault structure becomes 

a southward dipping monocline (Camp, 1976) bisected by the Clearwater 

River Canyon. 

The eastern hydrogeological boundary is a structural barrier con­

sisting of the Cottonwood Fault and a branch of this fault. The Cotton­

wood Fault has vertical displacement of about 600 feet (180 m) where it 

crosses the Clearwater River. This fault trends NW-SE providing structural 

control for erosion of the Cottonwood Creek canyon. About 4 miles (6 km) 

upstream of this canyon from its mouth, a normal fault of unknown displace­

ment branches to the south for another 5 1/2 miles (9 km) (Camp, 1978). 

In Idaho, the southern hydrogeological boundary is formed by the 

Craig Mountain Anticline and the Limekiln Fault. These features are 

an expression of a tlE-SW trending downwarp of the original basalt 

plateau. At the base of the downwarp is a normal fault. The crest of 

the downwarp consists of the plateau basalts with a gentle southward 

dip. Displacement along the fold and fault increases in severity to 

the west, going from approximately 600 feet (200 m) in the east to 

1600 feet (500 m) at the Snake River Canyon (Camp, 1978). Although 

streams that originate on the southern plateau cross the boundary, 

groundwater flow is assumed to be negligible across the basal fault, 

as it forms a structural barrier. 
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In Washington, the southern hydrogeological boundary is caused 

by the 2600 foot (800 m) depth of the Grande Ronde River canyon. This 

canyon interrupts the lateral continuity of all but the oldest formations 

of the Columbia River-Group of basalts. 

The southwestern boundary is the least distinct. It is defined 

by the forested northeastern culmination of the Blue Mountain anticli­

norium. The area is dissected with streams canyons of neighboring 

drainage basins. A distinct groundwater divide is not defined, how­

ever the 6000 foot (1800 m) msl elevation of the crest probably in­

dicates a groundwater divide occurs below. 

The northwestern boundary is a structural barrier. It trends 

SW-NE from the Blue Mountain anticlinorium to Silcott, Washington and 

consists of an anticline, and eastward dipping monocline, and a normal 

fault, all sharing a common axial plane (Figure 2-1). The normal 

fault is uplifted on the Lewiston Basin side and extends into the 

Vista Fault (Swanson and others, 1977) of the northern hydrogeological 

boundary. 

Basalt Aquifers of the Lewiston Basin 

The Lewiston Syncline forms an artesian groundwater basin within 

the Columbia River Group of basalts. In some areas these basalts 

are overlain by unconsolidated sediments containing water-table aquifers. 

These aquifers are utilized by a fraction of the Basin's domestic 

wells. The remaining domestic wells, together with municipal, industrial 

and irrigation wells, obtain their water source from the basalt aquifers. 

The basalt aquifers of the Lewiston Basin can be divided into two 

groups based upon three hydrogeological and geological distinctions. 

These groups are aquifers found in Wanapum and Saddle Mountains formations 
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and aquifers found in the underlaying and older Grande Ronde formation. 

The three distinctions that have been noted are: 

(1) The upper two formations contain many interbeds of low 

hydraulic conductivity. 

(2) Except near the axis of the Lewiston syncline, the major 

streams and rivers have channels in the Grande Ronde 

Formation. These channels give this formation greater 

recharge potential. 

(3) Only the deeper stream canyons of the Basin interrupt the 

lateral continuity of the older basalt aquifers. 

Thus the Grande Formation appears to contain more aquifers of greater 

yield, recharge potential and lateral continuity. 

Aquifers of the Wanapum and Saddle Mountain Formations 

The majority of the irrigation and domestic wells within the 

lewiston Basin are of moderate to shallow-depth and utilize the aqui­

fers in the Wanapum and Saddle Mountains Formations. These wells are 

found to have varying depths-to-water and yields averaging 10 to 20 

gpm (.05 to 0.10 m3/min). In the following discussion, the term 11 Upper 

aquifers 11 will be used to denote the aquifers within the basalts of the 

Wanapum and Saddle Mountains Formations. Exception is taken for the 

inter-canyon basalts that lay within the Grande Ronde Formation. These 

canyon-filling basalts are discussed thereinafter. 

Recharge to the upper aquifer is believed to occur from irrigation 

and from precipitation. Recharge by irrigation may occur in Lewiston 

Orchards, Idaho (Salami, 1978) and Clarkston Heights, Washington. These 

communities are located proximate to the east-west axis of the Lewiston 

Syncline. There the basalt flows are horizontal and the surface drain-
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age is poor. Vertical infiltration through the basalt flows is believed 

to occur. Discharge from the upper aquifers occurs as springs and seeps 

found on the valley slopes below these two communities and also domestic 

wells of shallow depth (Salami, 1978). 

Precipitation is believed to be the source of recharge for the upper 

aquifers with the greatest amount of occurring at the higher elevations 

of the southern and western hydrogeological boundaries. These upper 

aquifers are believed to discharge along the lower reaches of the drainages 

of Lapwai Creek, the Clearwater River, and the Snake River, and where the 

basalt aquifers outcrop along the canyon walls. In Washington, lateral 

flow within the upper aquifers is truncated by the tributary stream can­

yons of Asotin Creek south and west of Clarkston (Swanson and others, 1977). 

The aquifers of the Wanapum Basalts are found extensively below the 

level of the Clearwater River, north of the axis of the Lewiston Syn­

cline. The City of Lewiston Well No. 4 and RPI (Potlatch Forests Inc.) 

Well Nos. 1 and 4 (Figure 3-3) appear to obtain water from these upper 

aquifers (Figure 3-5). Static water levels in these wells have declined 

during the last twenty years. Shallow drill cores taken in the area 

by the Army Corps of Engineers (1973) reveal the cementation of the 

sediments within and overlapping the basalts. Therefore in this area, 

it appears that recharge of river water to the Wanapum Formation aquifers 

is limited. 

Aquifers of the Grande Ronde Formation 

Most of the remaining municipal and industrial wells (Figure 3-3) 

have production zones in aquifers of the Grande Ronde Formation (Figures 

3-4 and 3-5). In Figure 3-5, the City of Lewiston Well No. 2 appears 
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Figure 3-3 Site locations of municipal and industrial 
wells: Lewiston, Idaho; Asotin,· Clarkston, · 
and Wilma, Washington. Shown with locations 
of hydrogeologit cross sections B-B' and 
C-CI. 
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Notes: (1) Stratigraphy from Bond (oral collVTlun., 1g78), U. S. Army Corp of Engineers (1963), Swanson and others (1977), 
and lithologies ·of wells as shown. · 

(2) Production zones of wells are shown with solid verticle lines and are projected to match stratigraphy. 
Actual elevations are given in Appendix A, Table A-2 . · 

(3) Production zone of WWP No. 2 estimated liy Durand f l97.S):" 
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figure 3-4 Diagramatic north-south cross section B - B' of the 
"Russell" aquifer in the lewiston Basin showing the 
major stratigraphic horizons 
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Notes: (1) Stratigraphy from lithologies of wells as shown 
(2) Production zones of wells are shown w1th solid verticle lines and are projected to match stratigraphy. Actual 

elevations are given in Appendix A, Table A-2. 
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to be entirely within the same aquifer as the City of Lewiston no. 4 well. 

However, the historic response of the water levels in the no. 2 well 

(Presented in Chapter 4) suggests hydraulic connection to the underlay­

ing aquifers found below the saprolite horizon (Figure 2-3) or a better 

hydraulic connection to the Clearwater River. As mentioned earlier, 

the author has grouped these developed aquifers of the Grande Ronde 

Formation into a single hydrogeological unit known as the "Russell" 

aquifer. The lower limit of the "RusselP aquifer is 800 feet (240m) 

below the saprolite horizon. The best example of a well log lithology 

describing the saprolite is described by Stearns (1952) in the PFI no. 

1 well (see Appendix A, Table 3A for well and reference) from a depth 

of 300 to 325 feet (90 to 100m). 

One of the attributes given for the 11 Russell" aquifer is the lack 

of interbeds of low hydraulic conductivity, The lithology of the 

L.O.I.D. no. 1 well (Appendix A, Table A-1) indicates the saprolite 

layer at the elevation 933 feet (284 m) msl. Above this horizon are 

the flows and interbeds of the Priest Rapids member. Some of the 

wells have occasional interbeds of sand and shale below the saprolite 

horizon (Figure 3-4 and 3-5). This horizon is not found in the well 

lithologies of the WVIP well nos. 3 and 4 and the L.C.I. well (Appendix 

A, Table A-1) because of fluvial erosion prior to the emplacement of 

the intra-canyon basalts, 

An indication of a specific aquifer location is found by examining 

the production zone elevations of the wells (Appendix A, Table A-2, 

col. 3) where perforations (P) or open hole (OH) construction is noted. 

Fractured, broken, soft, and porous are the usual adjectives used by 

the drillers to describe the discrete aquifer zones. 
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Recharge to the "Russell" aquifer can be from precipitation or 

streamflow. Areas favorable for recharge have been determined using 

the basalt stratigraphy of Camp (1976, 1978) in Idaho and Swanson and 

others (1977) in Washington, The primary evaluation factor has been the 

relationship between the dip of the basalt strata and the stream gradient 

or slope in the study area. The land surface slope was used in the 

southern highlands where the precipitation is the heaviest within the 

basin. 

In Idaho, the plane of deformation associated with the Craig 

Mountain Anticline and the Limekiln Fault provides a pathway for pre­

cipitation to pass through the overlaying younger basalts and recharge 

the 11 Russell" aquifer. Other exposures of the "Russell" aquifer occur 

for recharge by precipitation in the Lapwai Creek drainage and Snake 

River Canyon. However, those sites have high evapotranspiration rates 

and low amounts of precipitation. 

In Washington, the southwest hydrogeological boundary of the Blue 

~1ountain anticlinorium provides a favorable area for direct recharge 

by precipitation to the younger basalt flows of the Grande Ronde Forma­

tion. It is stratigraphically possible that all the aquifers comprising 

the "Russell" aquifer are exposed to this type of recharge in the Blue 

Mountains area. However, two factors indicate that this mechanism for 

recharge is not important for the Lewiston-Clarkston wells. 

(1) Numerous springs in this upland area form the baseflow of 

Asotin Creek and reduce the quantity of lateral groundwater 

flow towards the Basin center. 

(2) The lateral continuity of the upper 400 feet (240 m) of the 

"Russell" aquifer is terminated by the main canyon of Asotin 

Creek. 
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These factors indicate that only the basalt aquifers comprising the lower 

half of the "Russell" aqu·ifer are likely to be recharged by direct preci­

pitation from the Blue Mountains area. Dikes in the area (Figure 2-1) 

may also limit groundwater flow from the potential recharge area to the 

vicinity of the municipal and industrial wells. As in Idaho, the re­

maining exposures of the Grande Ronde Formation in Washington are located 

at lower elevations. Here, low precipitation and high evapotranspiration 

rates discount significant aquifer recharge by precipitation. 

Recharge to the basalt aquifers of the Grande Ronde Formation by 

streamflow is believed to occur where the concurrent dip of the stream 

is less than that of basalt aquifers (Figure 3~1C). These sites are 

shown in Figure 3-6 for the channels of the Snake and Clearwater Rivers 

and Asotin and Lapwai Creeks. Downstream of the confluence, aquifer 

recharge in the Snake River channel is believed to have been induced 

from the recent filling of the Lower Granite Reservior. This event 

is discussed later in Chapter 4, 

The hydrogeologic setting for the upstream segment of the Snake 

River to recharge the "Russell'' aquifer h illustrated in Figure 3-6 

and Plate 3-3. On Plate 3-3 one can view the basalt flows dipping 

northward and coming into contact with the Snake River. The subsurface 

continuation of the interflow zones of breccia is illustrated in 

Figure 3-7, Approximately the top sixty percent of the "Russell" 

aquifer is shown in Figure 3-7. The dip of these basalt flows is 

1.8° (± 0.2°) to the north and the average thickness of each aquifer or 

interflow zone is 18 feet (5.5 m). 

The entire 800 foot section of the basalt flows comprising the 

"Russell" aquifer cropouts in the Snake River Channel from Swallow's 
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Plate 3-3 Basalt flows dipping north towards the Lewiston­
Clarkston area. Snake River flows past alluvial 
deposit from Ten Mile Canyon of Idaho. Full sec­
tion of the basalt flows comprising the "Russell" 
aquifer are exposed ·in the lower left corner. 
Asotin, Washington is located at fourth bend in 
river or about 5 miles (8 km) downstream of site. 
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Rock near Clarkston (T lON, R 46E, Sl5, Asotin County) at Snake River ~~ile 

143 south to Ten Mile Canyon in Nez Perce County, Idaho (T 34N, R 5W, Sl7) 

at Snake River Mile 152; approximately the same locations (Figure 3-6) 

suggested by Bond (J.G. Bond, oral commun., 1978). Interflow zones 

cropping out in the Snake River Channel at River Mile 152 (elevation of 

750 feet (230 m) msl) are calculated to pass beneath the axis of the 

Lewiston Syncline at an elevation of -200 feet (-60 m) msl. 

Recharge to the "Russell" aquifer from the Clearwater River is 

possible in the 9 miles (14 km) of river channel from Nez Perce Tractor Co. 

(T 36N, R 5W, S25, SE) upstream to an area approximately 3 miles (4.8 km) 

west of the Cottonwood Fault (T 36N, R 3W, S7, NE). The site near the 

Cottonwood Fault is where the entire 800 foot (245m) stratigraphic sec­

tion is above the river channel, whereas the Nez Perce Tractor Co. site 

(J.G. Bond, oral commun., 1978) is the locale where the saprolite dips 

below the Clearwater River. The straight line distance between these 

sites is about 8 miles (13 km) and the dipslope of the basalt flow is 

about 1. P. 

The amount of recharge originating from Lapwai and Asotin Creeks 

is unknown. Both streams appear to flow over the full stratigraphic 

section of "Russell" aquifer from their headwaters to their mouths. In 

the lower channels, the stream gradients and the dip of the basalt aquifers 

provide favorable sites for aquifer recharge. Streamflow data indicating 

gains or losses to the "Russell" aquifer were not obtained in this study. 

Both creeks have much less saturated thicknesses and widths of streambed 

sands and gravels than the major river channels of the Lewiston Basin. 

Therefore these streams have smaller potential recharge areas exposed to 

the interflow zones of the "Russell" aquifer. 
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Discharge of the Grande Ronde Formation aquifers occur where the 

water pressure relationships illustrated in Figure 3-2 are found at the 

edges of the basalt flows. Previous discussion of discharge sites has 

been concerned with local areas within the Lewiston Basin where the 

lateral continuity of the "Russell" aquifer has been terminated. The 

groundwater that does not discharge at these sites is assumed to flow down 

the aquifer dipslope towards the Basin center or axis of the Lewiston 

Syncline. Here the groundwater may be artificially discharged by the 

production wells v.Jithin the "Russell" aquifer. Otherwise it seeks a nat­

ural discharge area at the drainage level of the Basin (Newcomb, 1961). 

A discharge area is believed to exist in the Snake River Channel 

in the reach from the Snake and Clearwater River confluence to Silcott, 

Washington (Figure 3-6). In this area, the Snake River flows past the 

northern flank of the Lewiston Syncline (Figure 2-1 ). Since this syncline 

plunges to the east, multiple flows of basalt are exposed to the Snake 

River Channel; therefore a potential for river-aquifer interconnection 

exists in this area. This section of the river channel also comprises 

the regional topographic low of the Lewiston Basin. The elevation of the 

river surface at Silcott was 680 feet (207 m) msl prior to the damming of 

the Snake River by Lower Granite Dam (Plate 3-4). 

Evidence exists for at least two discharge sites in the above des­

cribed section of the Snake River Channel. One site is believed to exist 

at Silcott, Washington where Alpowa Creek joins the Snake River (T llN, 

R 45E, S20, Asotin County, Washington). Here, Captain John Mullan (1863) 

reported a spring used for therapeutic purposes by the Nez Perce Indians. 
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Plate 3-4 Upstream view of Snake River from Silcott, Washing­
ton. Gaging station anticline is seen by tilted 
beds on left, north flank of Lewiston Syncline is 
on right side of river. View is towards the east. 

Plate 3-5 Lower Granite Reservoir at Silcott, with overhead 
view of Alpowa Creek. Note the near vertical 
basalt flows rotated by Wilma Fault, U.S. Highway 12 
runs past northeast-facing bluffs. 
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The other site location is based on evidence of an apparent temperature 

anomaly within the Snake River where Evans Road joins U.S. Highway 12 

(T llN, R 45E, NE SW). Gene Wilson (oral commun., 1979), a long time 

resident of the area, remembered instances of extreme cold and low flow 

where the river would remain ice-free downstream of the Evans Road junction. 

This temperature anomaly is believed to be caused by the discharge of 

groundwater at the Evans Road junction site. 

Discharge at the Silcott site is believed to be caused by the 

presence of the Wilma Fault (Figure 2-1). Snake River Channel is believed 

to follow the fault line from the confluence to Silcott. At Silcott, the 

river channel swings abruptly north and the fault continues with a south­

west trend into Alpowa Creek Canyon. Displacement along the fault extends 

into the pre-basalt basement (Camp, 1976, p. 101-103). The Wilma Fault is 

believed to be the major structural barrier that controls the groundwater 

discharge from the Lewiston Basin. Vertical groundwater flow is believed 

to occur along the fault plane so that an interconnection exists between 

basalt aquifers of the Grande Ronde Formation and the Snake River. Dis­

charge at the Silcott site may also occur within the interflow zones of 

the basalt flows that have been rotated during tectonic deformation associ­

ated with the Gaging Station Anticline and Wilma Fault (Plate 3-5). 

Discharge at the Evans Road junction site could be caused by two 

hydrogeologic features that converge in this area. One feature is a postu­

lated basalt dike that may extend beneath the Snake River Channel near 

this site. (See Chapter 5, Figure 5-12). This dike strikes north-northwest 

and may form a structural barrier limiting east-west groundwater flow. The 

second hydrogeologic feature is formed by the paleo-channel alluvium 
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(Plate 2-2) associated with the intra-canyon basalts that crop out in the 

Snake River Canyon at this site (Figure 2-1). The alluvium may be of 

relatively high hydraulic conductivity and thus form a conduit to allow 

groundwater flow into the Snake River. 

The postulated discharge areas were inundated by the creation of 

Lower Granite Reservoir in February, 1975,and are presently under 40 to 

55 feet (12 to 17 m) of water. This flooding prevented site analysis of 

the Silcott and Evens roads junction sites. 

Hydrogeologic Features of Interest within the "Russell" Aquifer 

Several hydrogeologic features of interest are found within the 

"Russell .. aquifer. These features are the intra-canyon basalts, a dike 

in Clarkston, Washington, and basalt interflow zones with above average 

hydraulic conductivity. 

The intra-canyon basalts are found from Asotin to Clarkston, 

Washington (Figure 2-1) where they are estimated to penetrate the upper 

half of the "Russell" aquifer. These canyon-filling basalts are submerged 

at both ends where they outcrop in the present channel of the Snake River. 

They are believed to incorporate, as an outer surface, the coarse sedi­

ments deposited within the paleo-channel of the Snake River (Plates 2-1 

and 2-2). This surface provides a conduit of relatively high hydraulic 

conductivity for groundwater to connect the laminated aquifer zones com­

prising the "Russell'' aquifer (Bond and Ralston, 1977). This provides an 

additional avenue for recharge of river water to the upper half of the 

"Russell" aquifer. This surface also provides a site for vertical flow 

between the above mentioned laminated flows. 

Explorations into the basalt-covered channel deposits (U.S. Army 
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Corps of Engineers, 1963, 1973) have revealed many of these stream deposits 

are cemented into a finer matrix and have a low hydraulic conductivity. 

However, the depth of exploration was shallow and stream channel deposits 

with less cementation and greater hydraulic conductivity may exist in the 

lower basalt flows. 

The second feature of interest is a dike that was delineated during 

an aquifer test of March, 1979. Originally, the presence of this dike was 

inferred by Camp (1976) to extend northwest across the Lewiston Basin from 

the Ten Mile Canyon area to the Vista Fault, a distance of 16 miles (26 km). 

If the dike does extend this length, it would act as a hydrogeologic barrier 

and divert lateral groundwater flow within the 11 Russell" aquifer towards 

the Snake River Channel. Groundwater descending along the dipslope of the 

Blue Mountain and Asotin Creek drainage would be diverted west of the 

municipal and industrial wells with the exception of the WWP well nos. 5 

and 6 (Figure 3-3). 

The third feature is the possible existance of several interflow 

zones of hydraulic conductivity of significantly greater value than any 

of the interflow zones delineated by the U.S. Army Corps of Engineers 

(1963) (Figure 3-7). These zones are considered as the lowermost produc­

tion units in the "Russell" aquifer and are found in depths from sea 

level to -160 feet (-50 m) msl as described in the WWP well lithologies 

(Table 3A). The reasons for this postulation are given below: 

(1) the construction of the WWP wells stopped at depths ranging 

from -76 to -183 feet (-23.1 to -55.8 m) msl, indicating that 

contractors had met their specified production obligations. 

(2) the City of Asotin wells have their production zones at depths 
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which stratigraphically correlate with these lowermost produc­

tion zones. (See Figure 3-4 and Tables A-1 and A-2). 

The recharge area for these zones of high hydraulic conductivity 

is in the Snake and Clearwater River channels at the same area given for 

the lower limits of the 11 Russell 11 aquifer. These areas are Ten Mile 

Canyon on the Snake River and in the Clearwater River three miles west of 

the Cottonwood Fault (Figures 2-1 and 3-6). 
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CHAPTER 4 HYDROLOGIC CHARACTERISTICS OF THE 11 RUSSELL 11 AQUIFER 

Original Static Water Levels During and After Well Construction 

During the construction of the municipal and industrial wells, the 

11 Russell'' aquifer was found to be artesian with the initial water level 

rising above the production zone as much as 420 feet (128 m) (see Appen­

dix A, Table A-2, WWP Well No. 5, cols. 3 and 4). Some of these water 

levels also showed an additional increase in height as the well was drilled 

deeper. lhe City of Lewiston Well No. 5 had the largest increase of water 

level during construction, 34ft (10.4 m). This well was drilled by the 

now-defunct drilling firm of A.A. Durand and Son of Walla Walla, Washing­

ton (Durand, 1978). Fortunately, the firm made a practice of recording 

the static water levels on the daily drillers' logs on this well and 

others constructed in the Lewiston Basin; the same trend is also noted in 

the WWP No. 3 and the P.F.I. No. 2 and 3 wells (Appendix A, Table 3-A). 

The rise in water level with increase in depth generally indicates that 

the wells are located near or in a discharge area of the aquifer system 

(Freeze and Witherspoon, 1967). 

The original static water levels of the completed municipal and 

industrial wells in the 11 Russell 11 aquifer of the Lewiston Basin are shown 

in Figure 4-1. (A more complete listing is given in Appendix A, Table A-2, 

col. 4.) These water levels indicate that the piezometric surface of the 
11 Russell 11 aquifer sloped to the north and west and thus suggesting a dis­

charge site existed in the Snake River channel downstream of the confluence area. 

An indication of a river-aquifer interconnection is apparent when one 

examines Figure 4-1 for the range of original static water levels in the 

wells. These values range from 688 to 741 feet (209.7 to 225.9 m) msl and 

are nested within the elevations of the postulated recharge and discharge 
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areas of the 11 Russell 11 aquifer as described in Chapter 3. The elevations for 

the recharge areas are 750 and 800 feet (229 and 244 m) msl for the Snake and 

Clearwater rivers, respectively. Surface water elevations at the discharge 

area was given as 680 feet (210m) msl prior to the filling of the Lower 

Granite Reservoir. If the major source of recharge for the 11 Russell 11 aquifer 

originated in the southern highlands, then original static water levels of 

Figure 4-1 probably would have been greater in elevation. 

Hydrographs of the Municipal Well Water Levels 

Records of water levels of the municipal wells are available from 

1961 to the present. The City of Lewiston measures these levels on a monthly 

schedule while the Clarkston municipal wells are measured on a weekly sche­

dule by the WWP Co. (Washington Water Power Company). Shallow depth-to-water 

measurements are usually taken by direct (steel tape or m-scope) measurement, 

but most of the water levels are calculated from the borehole airline pressure. 

The latter method is prone to failure and is the major cause of the intermit­

tent hydrograph record displayed in Figure 4-2. A compilation of the munici­

pal well water levels taken from 1961 to 1978 are found in Appendix B, Table 

1. The WWP No. 6 well has no record as its airline failed shortly after con­

struction. A check on the accuracy of the WWP airline measurements was made 

using steel surveyor 1 S tape in January, 1979 the airlines \'Jere found to differ 

6 to 10 feet (1 to 3 m) from the taped measurements. 

Hydrographs of the WWP No. 4 and the City of Lewiston No. 1-A wells 

were constructed to observe short- and long-term trends of the water levels 

(Figure 4-2). Both wells have an expected seasonal decline in water levels 

associated with pumpage in the summer months; however, no long-term decline 

is observed. An overall increase of water levels was observed on the hydrographs 
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during 1975 and the water levels then appeared to stabilize at a new height. 

This change was noted by Bond and Ralston (1977) and attributed to the fill­

ing of the Lower Granite Reservoir during February 15-18, 1975. Static water 

level increases of 10 feet (3 m) were recorded in the WWP well Nos. 2, 4, 

and 5 within a month of filling the reservoir (Appendix B, Table B-1). 

Computer Analysis of the Municipal Well Water Levels 

A computer based statistical analysis of the municipal water levels 

was performed in the study for comparative purposes. The eighteen year record 

(1961 to 1978) of municipal well water levels (Appendix B) were coded and 

keypunched for computer statistical analysis. The analysis, performed with 

the University of Idaho IBM 370-145 computer using the SAS (Statistical Analy­

sis System) (Barr and others, 1976) program, is summarized in Table 4-1. Two 

groups from the population of the municipal well water levels were defined. 

Group A consists of water levels taken prior to filling of the Lower Granite 

Reservoir and Group B consists of water levels taken after the reservoir 

filling of February 15, 1975. 

The mean of each group for each well was obtained and is noted as maps 

of water levels of Figures 4-3 and 4-4. For each well with sufficient record, 

the mean of Group B was subtracted from the mean of Group A, with the differ­

ence shown in Figure 4-5. Also obtained were the standard deviation and range 

for each group (Table 4-2). 

Most of the mean static water levels for the municipal wells in Figure 

4-2 are less than the original ones of Figure 4-1. This decline is attributed 

to use of the wells. It is interesting to note that the mean static water 

level for the WWP No. 3 well is below the elevation of the postulated 11 Rus­

sell'' aquifer discharge site at Silcott of 680 feet (207m). This suggests 

55 



TABLE "-1 

3Ut1MARY 1F .'1UNICIPAL ·~ELL AATER LEVEL ANALYSES; 1960 70 1978 
c.C:/IISTON, IDAHO AND CLARKSTON, .•ASH!NGTON 

~e 11 Name 

Lewiston •l 

lewiston HA 

Lewiston ,;z 

lew1 ston 0 

lewiston ,;4 

Lewiston -15 

\ojWP ~1 

~.jWP N 

T~me 
·~roup 

A 
8 

A 
8 

~ 
g 

A 
3 

A 
B 

A 
B 

.. 
B 

A 
B 

A 
g 

A 
8 

• Given in feet msl. 

59 

31 
26 

53 
30 

72 

26 
ld 

30 
23 

134 
109 

218 
104 

149 

418 
145 

288 
143 

692. 1 

691.0 
721.8 

716.4 
720.9 

690.7 

663.2 
520.1 

~98 ... 
725.6 

689.2 
706.6 

712.0 
721.3 

669.4 

695.5 
708.2 

687.2 
711.0 

11.9 

30.3 13.5 
5.6 

... 5 3. 5 
1.9 

14.3 

-43. 1 13. 6 
19. 1 

27.2 9.3 
4.4 

17.4 15.8 
7.5 

9. 3 7. 2 
4.8 

48.0 

12. 7 16.1 
14.7 

23.8 18.3 
16.6 

707 

712 
728 

'24 
723 

727 

693 
642 

7:0 
729 

742 
719 

72 3 
729 

726 

731 
739 

702 
722 

16 

- 1 

-51 

19 

-23 

6 

3 

20 

Legend: Time group A = water levels taken before February 14, 1975. 
Time group B s '"ater levels taken after February 14, 1975. 

N = ~umber of observations. 

X mean water level; x8-IA- difference of means, see F1g. 4-5. 

ry - standard deviation of group. 

M - maximum static ·.-ater level; ,\18-t'1A - change of max1mums. 

m - minimum static water level; rn 8 -m~ - change of minimums . 

. '1A- mA' M8-m8: range of group values 

654 

659 
709 

~01 
~16 

641 

548 
571 

658 
713 

642 
632 

577 
696 

519 

586 
657 

547 
512 

Sour:e: City of Lewiston '..later Dept., '../ash. '../ater Power Co., Clarkston, '../a. 
Analysis by SAS (Barr and others, 1976) software, University of Idaho Computer 
Center, Moscow, Idano. 

56 

23 

15 

-77 

55 

40 

19 

71 

65 

Range 
·"~ . .\ -mA 

M3-m8 

53 

53 
19 

23 

86 

45 
71 

52 
16 

lOO 
37 

<16 
33 

207 

145 
82 

155 
110 
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a reversal of the ground water flow direction so that the original postulated 

discharge area has become a recharge site. The elimination of natural dis­

charge from the "Russell" aquifer is more apparent in Figure 4-4. In this 

figure, all of the Group B mean water levels are lower than the surrounding 

water level of the Lower Granite Reservoir. 

The well water and river surface elevation changes are shown by loca­

tion in Figure 4-5. This figure illustrates the complex hydrogeology of the 

"Russell" aquifer. The City of Lewiston wells Nos. 1-A and 5 have water level 

changes that are greater than that found in the nearby reaches of the Snake 

and Clearwater rivers and are more similar to that found downstream of Clarks­

ton in the Snake River. However, the WWP wells generally have water level 

changes that are similar to that found in the river near the well sites or 

upstream of the well sites. 
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CHAPTER 5 AQUIFER TESTS 

Introduction 

Five a qui fer tests have been conducted in the 11 Russell 11 aquifer to 

date, using the non-equilibrium formula of Theis to estimate the aquifer 

coefficients of transmissivity and storage. Four tests were conducted in 

1956-58 by the now defunct drilling firm of A.A. Durand and Son of Walla 

Walla, Washington. The field data of these tests were analyzed by G.F. Briggs 

and the late Joe Mogg of E.E. Johnson Co. (presently Johnson Div., UPO Inc.) 

of St. Paul, Minnesota. The fifth test was conducted in March, 1979, by 

researchers from the University of Idaho. For this test, use was made of a 

hydrograph taken from the WWP No. 7 well to determine the hydrologic factors 

that would affect time-drawdown data of the observation wells. 

Well Development Tests 

The first development testing of wells in the Lewiston Basin was con­

ducted by Paul Durand of A.A. Durand and Son (Durand, 1978) during February 

21-22, 1952, using the Sno-Crop (now Twin City Foods) well and the City of 

Lewiston No. 1 well (since abandoned (Figure 1-5)). The Sno-Crop well was 

pumped for a total of 31 l/2 hours at varying rates with water level obser-

vations taken in the City of Lewiston No. 1 well until 29 hours had elapsed. 

At this time the City of Lewiston No. 1 well was turned on and discharged 

at a rate of 484 gpm (1.83 m3;min) for the remaining 2 1/2 hours. The Sno­

Crop well had a specific capacity when pumped at 1,400 gpm (5.3 m3;min) of 

9.1 gpm/ft (0.11 m2;min). When pumped at 1,700 gpm (6.3 m3;min) the well 

had a specific capacity of 8.0 gpm/ft (0.10 m2;min). Maximum interference 

observed in City of Lewiston No. 1 well was 10 feet (3.0 m) after 12 hours 
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of pumping. These wells are located at a distance of 1,200 feet (365m). 

Well interference in the Sno-Crop well from the city well pumping was not 

obtained. This Lewiston well was calculated to have a specific capacity of 

3.16 gpm/ft (.04 m2/min). 

A second test conducted by Paul Durand occurred June 18-19, 1955, 

utilizing the P.F.I. (Potlatch Forests, Inc.) Nos. 2 and 3 wells (Kalz, 1979) 

which are located about 1,700 feet (518 m) apart. The No. 3 well was pumped 

at varying rates between 1,000 and 2,000 gpm (3.8 and 7.6 m3;min). Maximum 

well interference in the No. 2 well was about 9.6 feet with a radial dis-

tance (r) of 1,700 feet (518 m). The pumped well had a specific capacity 

of 10 gpm/ft (0. 12m2/min). 

A third specific capacity test was conducted on the WWP No. 2 well. 

This well was pumped for 32 l/2 days at 1,275 gpm (4.8 m3;min) in October 

and November of 1957. Drawdowns were observed in the pumped well only. 

After 3.8 days (5,500 min), the drawdown ceased at 703 feet (214m) msl 

and held constant for the remaining 28 days (Mogg, 1958) (Figure 5-.1). The 

significance of this stabilization was twofold. The test showed that a 

positive recharge boundary was present. It also showed that any well 

hydrologically interconnected with WWP No. 2 would also show a positive 

boundary if pumped long enough. 

Aquifer Tests No. 1-4 

Aquifer Tests Nos. 1-3 were conducted using the then newly constructed 

WWP No. 1 well for the pumped well and L.C.I. well (r = 4,720 feet (1 ,400 m)) 

and the "Swallows Nest" or vMP No. 2 well (r = 14,800 feet (4,500 m)) for the 

observation wells. WWP No. 1 well was deepened twice, approximately 100 feet 

(30m) each time, following Aquifer Test Nos. 1 and 2. The third test was 

conducted to determine the effects of the second deepening, as the second 
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test was conducted to determine the effects of the first deepening. Sum­

maries of all the tests are given in Table 5-l. 

Aquifer Test No. commenced September 19, 1956, when the original 

borehole depth of the WWP No. 1 well was 767 feet (234m) (Mogg, 1957). This 

well was pumped at 1,120 gpm (4.2 m3/min) throughout the twenty-four hour 

test. The pumping of the WWP No. 1 well caused drawdowns in the L.C.I. and 

WWP No. 2 wells. Outside well interference from the pumping of the Twin City 

Foods and City of Lewiston Nos. 1 and 3 wells restricted drawdown analysis 

to the first 300 minutes of the test wells. (See Table 5-1.) 

Aquifer Test No. 2 was conducted when the WWP No. 1 well was at the 

869 foot (265m) depth. The test lasted seven days, starting November 7, 

1956, with the pumping rate held at 1,800 gpm (618m3/min) for the initial 

123 hours (7,380 min) of the test and then varied. Drawdown in the pumped 

well appears to have stabilized after 5,880 minutes. Specific capacity at 

the time was 15.9 gpm/ft (0.20 m2/min), an increase of 73 percent from the 

first test. 

Observations of drawdowns were taken in the L.C.I. and the WWP No. 2 

wells. Both wells had stabilized drawdowns after 7,200 minutes. Negative 

boundary conditions were observed near 1,200 minutes in the L.C.I. well and 

were interpreted by Mogg (1956) as the result of a nearby dike or fault. 

Negative boundary conditions were not observed in the data from the WWP No. 

2 well. Outside well interference may have occurred from the pumping of the 

City of Lewiston No. 1 well at a rate of 480 gpm (1.8 m3;min) prior to and 

during the test. Aquifer coefficients of transmissivity and storage were cal­

culated from the observation wells and are given in Table 5-l. 

Aquifer Test No. 3 was conducted and analyzed in a similar manner as 

the previous two tests. The WWP No. 1 well was deepened a second time, in 
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TARLE 5-1 

Summary of Aquifer Tests, Clarkston, Washington 

TEST NO. 1, September 19, 1956 (from Durand, 1978) 

~~_Well 

WWP No. 1 

length of Test 
24 hours 

Observation Wel~ Distance (feet) 
l.C. I. 4,800 
WWP No. 2 14,600 

Well Depth 
(feet) 
767 

Well Depth 
___if eel}_ 

986 
1 

We 11 Discharge Maximum Drawdown Specific Capacity 
(gpm} (feet} (gpm/ft dd} 
1120 122 g.2 

Maximum Orawdown Transmiss 1 v tty 
(feet} (g!!dlft} Storage 
3.7 70,000 
1.5 

Transmf ss tv lty 
(g(!d/f!l_ 
57,000 

Boundary Time of Occurrence 
Conditions (minutes) 

7 

1 

Conments: Outside well interference from the City of lewiston well nos. 1 and 3 and Twin City Foods well prevented a good analysis of data 
and induced greater drawdowns fn the monitored wells. · 

~ TEST NO. 2. November 7-14, 1956 (from Durand, 1978) 
U1 

Well Depch Well Discharge 
Pum~ed Wel_!_ length of Test ~L (gJ?III) 

Maximum Orawdown Specific Capacity Transmi ss iv Hy 
{feet) (gJ?III/ft dd} {gj!dlft} 

WWP No. 1 163.2 hours 869 1800 113 15.9 
(9790 min.) 0-7380 min. 

varied later 

Well Depth Maximum Drawdown 
Observation Wells Distance (feet} (feet) ___{.feet) --------

Transmissivity Boundary Time of Occurrence 
(gpd[ft} Storage Conditions (minutes) 

l.C. I. 4,800 986 12.4 63,000 2.11 X J0-4 yes 1200 
WWP No. 2 14,600 1 5.1 50,000 1.08 X 10-4 no 

Comnents: City of lewiston well no. 1 pumped at 480 gpm starting 320 minutes prior to start of test. (lnterwell distances given In Table C-1, 
Appendix C). Drawdowns in pumped well stabilized after 5880 minutes. Drawdowns In observation wells stabilized after 7200 minutes. 

- cont tnued -



TABLE 5-) cont 'd 

TEST NO. 3, January 14-17, 1957 (from Ourand, 1978) 

Pumped !'I~!! 

WWP No. 1 

Observation Wells 
-------~--

L. C. I. 

WWP No. 2 

~~"9lli...QL! est 
( 1) on 13 hours 

off 15 hours 
(2) on 48 hours 

Distance_(feetl 

4,800 

H ,600 

Well Depth 
(feet) 

970 

Well Depth 
(feet) 

986 

1 

Well Discharge 
___ _(g~--

1800 

1800 

Maximum Drawdown 
__ {J~--

~1~ 3.3 
2 7.5 

~I) 0. 7 
2) 2.5 

Maximum Drawdown 
___{ f~ee:..::t.L.) __ 

( 1 ) 19 

(2) 25 

Transm1sslv1ty 
___ig~ 

>200,000 

>200,000 

Specific Capacity 
_J .. wn/ft ddl._ _ 

(1) 95 

(2) 72 

Storage 

Transntiss ivlty 
_lw!il!L__ 

Boundary 
Con<l it IQ.~ 

yes 

yes 

Time of Occurrence 
--~inute~L___. 

Co111nents: Pump wires burning out caused 15 hour delay of test. Transmissivity coefficient greater than values given above for ol>servat ion 
wells. Increase of specific capacity and transmissivity due to additional 101 feet of depth in pumped well. 

--- ------ ----- -- --~-----·---------

l£ST NO. 4, february 4-7, 1958 (from Mogg, 1958) 

~umped -~!:n 

WWP No. 1 

WWP llo. 2 

Q~S~J~~-~ i~!__!'!e 1_!2 
l .C. I. 

I·IWP No. 2 

Twin City foods 

City of Lewiston 
No. 1 

No. 

Length of Test 

0-4320 min. 

( 1) 2160-
4320 min. 

Q.!~!anc~J feet l 
4,800 

(1) 10,100 

14,600 
(I) 

10,300 
(1) 21,100 

10,100 
( 1) 21 ,500 

10,400 
(1) 16,400 

Well Depth Well 01scharge 
~L (gpm) 

970 2200 

? 1200 

We 11 Depth Max I mum Urawdown 
(feet) ___ __lf_!:.!:!.l_ __ _ 
986 

630 

352 

600 

8.7 
(1) 13.5 

2.9 

0 
(1) 0 

- 0.8 
(I). 1.0 

6 
(I) 12 

Maximum Drawdown 
_l!eet) 

43.5 

22.8 

Transml ss lvity 
___igp.c!Lf!.L 

1.7 X 106 

Specific Capacity 
~/ft dd) 

50.6 

52.6 

Storage 

1.17 X 10- 4 

Transnlissivity 
_lw!Lf_tl_ --

Boundary 
fond!!_ions 

yes 

Time of Occurrence 
___ J!!!inu~D __ _ 

55; 260; 2350 

-------------------------------------·---------------------------------------------------------- -----------------------------------
touments: lkill~duwn cor·rections made on WWP no. 1 and l.C.I. well from 4-day antecedent tt·ends. t~easur·e111ents in the Le11lston wells were ta~en 

by airline. 

~ 
~ 



the interim, to its present depth of 970 feet (296m). The L.C.I. and the 

WWP No. 2 well were used for observation wells. The test ran for forty-eight 

hours starting January 15, 1957. The City of Lewiston No. l well was the 

only outside well during the test. This well was turned at a rate of 450 gpm 

(1.7 m3/min) on January 6 and continued pumping steadily throughout this 

period. The initial test started January 14 and continued for 778 minutes 

at which time the pump wires burned out. Discharge of the pumped well was 

given at 1,810 gpm (6.8 m3/min). Recovery was monitored for the next 932 

minutes whereupon the pumped well was again pumped at the same rate for the 

next 2,880 minutes. 

The analysis of the drawdown data in all three wells of the early 

time data showed a coefficient of transmissivity greater than 200,000 gpd/ft 

(2,400 m2/day). The specific capacity after 1,000 minutes of pumping was 

95 gpm/ft (1.2 m2/min) and decreased to 71 gpm/ft (0.9 m2/min). The fourfold 

increase in specific capacity and transmissivity is attributed to deepening 

of WWP No. 1 well into basalt aquifers of above average hydraulic. conductivity 

existing between -61 and -120 feet (-18.7 to -36.5 m) msl. A summary of this 

test is presented in Table 5-l. 

Aquifer Test No. 4 was conducted about a year later during February 

4-7, 1958. The WWP No. l well was pumped at 2,200 gpm (8.3 m3/min) for the 

duration of the seventy-two hour test. Halfway through the test, WWP No. 2 

was pumped at a 1,200 gpm (4.5 m2/min) rate for the next thirty-six hours 

until 10 A.M. February 7. For four days previous to this test, water level 

measurements were obtained in the pumped wells and four observation wells 

which were the L.C.I., Sno-Crop, and City of Lewiston No. l and No. 3 wells. 

The City of Lewiston No. 3 well was the only one that had negligible antecedent 
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fluctuations. As a'result, corrections were made to the drawdowns in the 

WWP No. 1 and the L.C.I. well. 

In the analysis of the pumped well drawdown, three changes of slope 

occurred on a semi-log plot of the drawdown versus time data. The first 

two, occurring at about 100 and 1,000 minutes, were the result of hydrogeolo­

gic boundaries and the third appeared shortly after WWP No. 2 started pumping. 

Observations of drawdowns in the L.C.I. well had slope changes at 55 and 260 

minutes. The third slope change becomes apparent at 2,350 minutes, about 200 

minutes after the WWP No. 2 well started discharging, as seen in a log-log 

of the L.C.I. observations of drawdown versus time (Durand, 1978). The 

initial coefficients of transmissivity and storage were calculated at 1.70 x 

106 gpd/ft (2.1 x 104 m2/day) and 1.47 x l0- 4 , respectively, as noted in 

Table 5-l. This table also shows the maximum amount of drawdown observed in 

the Lewiston wells during Aquifer Test No. 4. It is felt by the author, based 

on the present understanding of the hydrogeologic system, that these measure­

ments are of questionable accuracy and do not represent the response of the 

aquifer potentiometric surface in the Lewiston area to the pumping of the 

WWP wells. 

Prediction of pumping interference in existing and future wells was 

the purpose of Aquifer Test No. 4. A compilation of the well interference 

is given in Table 5-2 as calculated by Mogg (1958). The positive boundary 

found during the 1957 specific capacity test of WWP No. 2 well was included 

in these calculations. Reviewing the data from the Aquifer Test No. 2, Mogg 

(1958) found indications of positive boundaries in all three wells between 

6,000 and 7,000 minutes after the start of the test. To insure a factor of 

safety, Mogg (1958) used 8,000 minutes per pumped well as the time that draw­

down would cease. In reviewing Table 5-2, it should be noted that WWP 
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TABLE 5-2 
Ninety day drawdown and interference figures 
for Clarkston wells when six are pumping 2,500 
gpm each and one well is pumping 1,200 gpm. 

lotal Total 

~~-------- Drawdown Caused Bl Interference Drawdown 
Its own 
p_umying 2 3 4 5 6 7 Extra* -------

51 4 13 11 13 13 14 15 83 134 Units 
2 30 9 10 12 10 8 8 15 72 102 given In 
3 51 13 5 13 13 12 11 15 82 133 FEET 

4 51 11 6 13 13 10 9 15 77 128 
5 51 13 5 13 13 10 11 15 7R 129 
6 51 13 4 12 10 10 14 15 76 127 

7 51 14 4 11 9 11 14 15 78 12g 

*Extra --Pumping caused by Lewiston No. 1, No. 3, Snocrop, and others is assumed to be equal to 

3,600 gpm for one well pumping 24 h~urs a day for 90 days and at a distance of 12,000 feet. This 

is a liberal allowance for the effects caused by these wells because it is doubtful that they will 

ever be pumping continuously for such a long period. (Table IV of Mogg, 1958) 

.3 

L.C. 1,.....0 
Well 

el 

E> City of Lewiston#3 

•4 
Lewiston#5 

Figure 5-2 Well Location Map used by Mogg (195n) 
for calculating well interference on 
Table 5-2 
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Nos. 1 and 2 are the only Clarkston wells existing at the radii used to calcu­

late the interference amounts. The other five Clarkston-WWP wells were con-

structed at different locations than those proposed to Mogg by A.A. Durand 

and Son (Figure 5-2). 

Aquifer Test No. 5 

Aquifer Tests Nos. l-4 were performed in the late 1950's. The Wash-

ington Water Power Company has since constructed five additional deep wells 

to augment the municipal Clarkston water supply. These are WWP wells Nos. 

3 through 7. The WWP well No. 7 was completed in 1977 after the other four 

were drilled in the early 1960's. All of these wells are completed in the 

Grand Ronde Formation and hence the "Russell" aquifer. A fifth test was con-

ducted in early spring of 1979 and included all of the Washington Water Power 

wells. 

A continuous record of static water levels from the WWP No. 7 well 

was obtained for a short period approximately six months prior to Aquifer 

Test No. 5. Four seven-day charts were obtained and used for pre-test analy­

sis. Installation of the water level recorder occurred on August 14, 1978, 

prior to the installation of the pump bowls, column, and shaft (Plate 5-l). 

The static depth-to-water was established using a five hundred foot steel 

surveyor's tape. The initial depth-to-water was greater than 482 feet (147 

m). 

The traces from the time-water level cylindrical charts are reproduced 

in Figures 5-3 through 5-6. These figures show the water level response 

pumping of WWP No. 3 well at a rate of 4,200 gpm (15.9 m3/min) at a radius 

of 2,750 feet (840 m), WWP No. 2 well at a rate of l ,280 gpm (4.8 m3;min) at 

a radius of 7,900 feet (2,410 m), and WWP No. 5 well at a rate of 2,100 gpm 

(7.9 m3/min) at a radius of 3,100 feet (940 m). 
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Plate 5-1 Leopold Stevens ·Type F Water Level 
Recorder installed on the WWP No. 7 
well casing. Clockdrive (with seven 
day timing gears) obstructs view of 
cylindrical chart. Pulley, in center 
of casing, is reeved with a light 
cable and responds to water level 
float more than 450 feet below the 
water level recorder. 
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The pumping of the WWP No. 3 well produced the only noticeable draw­

down. Lack of noticeable well interference from the WWP Nos. 2 and 5 wells 

was attributed to poor inter-aquifer connection to the monitored No. 7 well. 

Low amplitude fluctuations were noted in the water level record during periods 

when the water level change caused by well pumpage was at a minimum (Figures 

5-4 and 5-6). The fluctuations had a period of approximately twenty-four 

hours, and a maximum amplitude of 0.25 feet (7.6 em). These fluctuations 

were believed to have been caused by changes in barometric pressure and pos­

sibly to changes in river stage where the river and aquifer are inter­

connected. Aquifer coefficients of transmissivity and storage were not 

calculated from the hydrograph data. 

Aquifer Test No. 5 tested the response to pumping WWP No. 3 well in 

WWP well Nos. l, 2, 4, 5, 6, and 7 and Port of Whitman well Nos. and 2. 

These wells are located in Clarkston and Wilna, Washington (Figure 3-3). 

Access to the wells of Lewiston, Idaho, was limited to the L.O.I.D. (Lewis­

ton Orchards Irrigation District) well No. 1. The City of Lewiston wells 

were not used as observation wells due to their either continuous or inter­

mittent pumping schedules. Attempts to measure the depth-to-water in the 

L.O.I.D. well with an 850 (260m) electric well sounder were unsuccessful 

due to repeated fouling of the wires in the borehole. 

Electric water level measuring devices and steel tapes were used to 

collect water level measurements throughout the test. The Clarkston-WWP 

well Nos. 1, 4, 5, 6, and 7 were measured with a steel surveyor 1 S tape 

attached to an electric tape so that an accuracy of 0.01 foot (3.05 mm) was 

obtained. Oil was noted on top of the water column in WWP wells Nos. 5 and 

7. The depth-to-water was small enough in WWP No. 2 and the Port of 
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Whitman wells to use only a chalked steel surveyor's tape. No attempt was 

made to measure the depth-to-water in WWP No. 3 well due to its history of 

fouling water level sounding equipment. 

The City of Lewiston used two of its wells intermittently during this 

test as shown in Table 5-3. City of Lewiston No. 5 well was pumped at 1,000 

gpm (3.79 m3;min) several months before and throughout the test. 

The stage of the Snake River was obtained from two gaging stations 

throughout the test. The confluence and the Anatone gaging stations provided 

telemetric elevation at 15 minute intervals. Barometric pressure data were 

obtained from the National Oceanic and Atmospheric Administration weather 

station at the Lewiston Airport (Appendix C, Table C-2). 

Monitoring of water levels began on March 4, 1979. The water levels 

in the wells were recovering from the previous pumping period that ended at 

0800, Saturday, March 3, 1979. Discharge from WWP No. 3 well was approxi­

mately 4,200 gpm (15.90 m3/min) during the previous pumping periods. Recovery 

data were collected hourly until 0832, Monday, March 5, when WWP No. 3 well 

was turned on for Aquifer Test No. 5. The remaining six WWP wells were not 

pumped during the entire test period. Depth-to-water measurements were col­

lected with decreasing frequency until 1500 (3:00P.M.), Tuesday, March 6, 

in the WWP well Nos. 1, 2, 4, 5, 6, and 7 and the two Port of Whitman wells 

(Appendix C, Table C-3). Discharge measurements of pumping well WWP No. 3 

were obtained from flow meters inside and outside the pumphouse. Initially, 

the discharge was measured at about 4,200 gpm (15.90 m3/min). Discharge had 

decreased to about 4,050 gpm (15.33 m3;min) by the end of the test. 

The Port of Whitman wells showed no response to the pumped well in 

Clarkston during the aquifer test. However, water level data for these wells 
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TABLE 5-3 

DISCHARGE SCHEDULE OF CITY OF LEWISTON WELLS DURING AQUIFER TEST NO. 5, MARCH, 1979 

WELL 

No. lA 
pumped at 1 ,600 gpm 
(6.1 m3/min) 

SUNDAY 
MARCH 4 

MONDAY 
MARCH 5 

TUESDAY 
MARCH 6 

Clock time 7:25 a.m. to 4:30 p.m. 7:50a.m. to 8:30 p.m. 7:59 a.m. to 8:59 p.m. 

Antecedent E.T. (min) 1,405 to 1,950 2,870 to 3,650 4,259 to 5,069 

Pumping E.T. (min) 

No. 3 
--pumped at 1 ,000 gpm 

(3.8 m3/min) 

Clock time 

Antecedent E.T. (min) 

Pumping E.T. (min) 

-42 to 717 1,347 to 2,157 

12:37 p.m. to 8:25 p.m. 8:04 a.m. to 1:14 p.m. 

3,157 to 3,624 

245 to 712 

4,324 to 4,634 

1,412 to 1,722 

Antecedent E.T. - Elapsed time in minutes since WWP No. 3 well stopped discharging 4,200 gpm (pump 
shut off at 8:00a.m., March 3, 1979). 

Pumping E.T. - Elapsed time in minutes since WWP No. 3 well started discharging 4,200 gpm (pump turned 
on at 8:32 a.m~. March 5, 1979). 



indicated a good hydraulic connection to the Snake River. Figure 5-7 shows 

the relationship between Port of Whitman Well No. 2 and river stage from the 

confluence gaging station. Data from Port of Whitman Well No. 1 shows a 

similar response to river stage. 

Trends in water level changes in WWP wells Nos. 1, 2, 4, and 7 are 

somewhat similar during pretest recovery and the pumping period. These trends 

suggest that WWP Nos. 1, 2, 3, 4, and 7 are hydraulically connected. WWP 

well Nos. 5 and 6 showed no response to the pumping of WWP No. 3. During the 

test period, the water level changes in WWP wells Nos. 5 and 6 were similar 

and indicated a hydraulic connection exists between these wells and the Snake 

River. Figure 5-7 also shows the change in water level at WWP No. 5 well 

during the test period. This response appears to be lagged and subdued re­

sponse to stage changes in the Snake River either below the confluence or 

upstream of Asotin, Washington, or possibly stage changes in both areas. 

The following general observations may be stated based upon the analy­

sis of the March, 1979 pump test data: 

1) WWP well No. 7 showed a pretest recovery trend similar to WWP wells 

Nos. 1 , 2, and 4. 

2) Semi-log plots of pretest recovery data from WWP well Nos. l, 2, 4, 

and 7 show changes in slope at approximately 2,100 and 2,700 minutes after 

the pump was shut off. 

3) Barometric pressure remained steady during the test period. 

4) WWP well Nos. 1, 2, and 4 all show a similar response to the pump­

ing of No. 3. 

5) WWP well Nos. 5 and 6 did not show a response to the pumping of 

WWP well No. 3. 
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6) WWP well No. 7 showed a delayed response to the pumping of WWP 

well No. 3, even though it is closer to WWP well Nos. 1, 2, and 4. Erratic 

early time drawdown measurements may be due to the oil in the borehole water 

column. 

The initial data analysis was based upon plots of unadjusted drawdowns 

versus time on log-log and semi-log graph paper. Two general observations 

were made from these plots. First, the log-log plots did not readily fit the 

standard Theis non-equilibrium curve and second, the semi-log plots did not 

result in a straight line but displayed several changes in slope (Figure 5-8). 

Also, the pre-test recovery data were plotted versus time since the March 4 

pumping ended in order to determine the antecedent water level trend. The 

same general observations were made concerning these data plots. 

The drawdown data were adjusted using slopes established from a semi­

log plot of the antecedent static water levels. Two trends were found within 

these slopes. Trend one is represented by the last clearly defined slope of 

recovery data. Trend two is the very last recovery data points. Figure 5-9 

shows the plot and extrapolation of the water level recoveries in the WWP No. 

1 we 11. 

The drawdown data from WWP No. 1 well was selected to illustrate the 

determination of the aquifer coefficients of transmissivity and storage. 

Similar drawdowns were observed in WWP well Nos. 2, 4, and to some extent No. 

7. In the initial analysis, the unadjusted log-log plot of the drawdown in 

WWP No. 1 displayed a fairly good fit to Theis type curve during the first 

25 minutes (Figure 5-10). Adjustments to the drawdown data were made for both 

trend 1 and trend 2 (Appendix C, Table C-4) and plotted on log-log graph 

paper. Both plots did not fit the Theis type curve precisely. However, the 
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plot of trend 2 had the best fit and was selected to match with the Theis 

type curve (Figure 5-11). 

The log-log plots of the adjusted and unadjusted data deviated from 

the Theis analytical solution (Figures 5-10 and 5-11). Five possible causes 

for the observed deviations from the Theis type curve were considered. These 

are: 

1) barometric pressure change, 

2) river stage fluctuations, 

3) well interference, 

4) hydrogeologic boundaries, 

5) leaky artesian conditions with water derived from storage, or 

6) any combination of the above reasons. 

Barometric pressure changes and river stage were not considered to 

have a major effect on the overall drawdown trend in wells 1, 2, 4, and 7. 

Barometric pressure readings remained steady throughout the test and thus 

were eliminated as a possible cause of the deviation from the Theis solution. 

There were no definite correlations between river stage fluctuations and 

water level response that could be used to quantitatively analyze the data, 

even though some sort of relationship appears to exist. Therefore, well 

interference, hydrogeologic boundaries, and leaky artesian conditions with 

water derived from storage (Lohman, 1972, p. 32) were assumed to be the pos­

sible major causes of the observed deviations from the Theis analytical solu­

tion. 

Interference from the pumping of the City of Lewiston wells is believed 

to have a major effect on the observed drawdown data plots on all the wells 

except WWP No. 2. However, the magnitude of this interference could not be 
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determined because of the lag-time effects necessary to adjust the drawdown 

data or discriminate this interference from the hydrogeologic boundaries 

mentioned in the earlier aquifer tests. 

The 11 Russell 11 aquifer has both geologic boundaries or limits and a 

probable interface with the Snake and Clearwater rivers. These boundary con­

ditions can range from 11 no flow 11 or negative boundaries formed by hydrogeolo­

gic discontinuities to positive or 11 constant head 11 boundaries formed by the 

close interconnection with the river. 

It appears that the most pronounced negative boundary near these wells 

is the proximate dike mapped by Camp (1976) (Figure 5-12). Geologic evidence 

for this dike was mentioned in Chapter 2 (page 20) as the cause of the tephra 

deposits cropping out in the Peaslee Avenue roadcut. Hydrogeologic evidence 

is found in the lack of water level response in WWP well Nos. 5 and 6 to the 

discharge of WWP No. 3 well. The second negative boundary would logically 

be the Wilma Fault; however, this fault may actually provide the avenue for 

water movement from the Snake River to the aquifer and may thus act, at least 

in some areas, as a positive boundary. 

The shape of the semi-log plots for the WWP wells Nos. 1, 2, 4, and 7 

seem to indicate numerous hydrogeologic boundaries were encountered during 

the aquifer test. Matching the early drawdown data of the log-log plots (10-

25 minutes) to the Theis type curve minimizes the effect of boundary condi­

tions. Both unadjusted and adjusted curves were matched to the Theis type 

curve. The results are given in Table 5-4 for the aquifer coefficients of 

transmissivity and storage for using the standard Theis condition. 

Another explanation for the shape of the log-log drawdown data plots 

is represented by leaky artesian conditions with water derived from storage. 
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TABLE 5-4 

AQUIFER TEST NO. 5: AQUIFER TRANSMISSIVITY AND STORAGE COEFFICIENTS FOR 
STANDARD THEIS AND LEAKY ARTESIAN CONDITIONS 

WELL NO. 

1 

2 

4 

7 

DATA 

Unadjusted 
Adjusted 
Adjusted 

Unadjusted 

Unadjusted 

Unadjusted 

*Adjusted using Trend 1. 
**Adjusted using Trend 2. 

THEIS 
STANDARD SOLUTION 

T gpd/ft s 

4.8 X 105 8. 9 X 10-s 

4. 0 X 105** 6.6 X 10-5** 

1.1 X 105 1. 4 X 10-S 

6, 5 X 105 7.7 X 10-5 

5.5 X 105 1.4 X 10-3 

Q = 4,200 gpm (discharge of pumping well - Clarkston No. 3). 

LEAKY ARTESIAN 
WITH WATER FROM STORAGE 

T gpd/ft s 

1. 2 X 104 2.1 X 10 -9 

1. 4 X 104* 4. 7 X 10-10* 
l. 2 X 1 04** 4.7 X 10-lO** 

4.5 X 103 1.8 X 10 -9 

3. 3 x 1 o4 6.6 X 10-lQ 

1.0 X 10 4 8.3 X 10 -9 

r1 = radius to observation well No. l 
from pumping well No. 3. 

r1 = 5,300 ft 
r2 = 9,650 ft 
r3 = 4,375 ft 
r4 = 2,750 ft 



Water pumpage from the aquifer results in a decline of the piezometric head 

and is accompanied by a release of water from storage from the aquifer and 

aquiclude or aquicludes. A very good match to a curve from the family of 

leaky artesian type curves (Lohman, 1972, p. 32) was obtained for both unad­

justed and adjusted drawdown plots. The match was for data points from 10 

minutes to the end of the test (Appendix C, Table C-4). 

The results obtained from use of the standard solution boundary con­

ditions and leaky artesian conditions are markedly different. High values 

of transmissivity and moderately low values for storage coefficient are ob­

tained by using the standard solution. These calculated aquifer coefficients 

represent the response of the physical system over a short pumpage period. 

These parameters would be useful in predicting the response of the system 

under various pumping schedules over a long time period if image well theory 

is applied to eliminate the effects of boundary conditions. (See Chapter 6.) 

Leaky artesian conditions with water derived from storage show low 

transmissivity and extremely low storage coefficient values. It is believed 

that these values do not represent the actual physical system because of 

previous evidence given for negative boundaries. Also, the hydrogeologic 

nature of the "Russell" aquifer is not typified by the extremely low storage 

coefficient. 

The conclusions of Aquifer Test No. 5 are as follows: 

1) Two separate flow systems were found to exist in the "Russell" 

aquifer of the Lewiston Basin. These flow systems are separated by a hydro­

geologic boundary that isolates the WWP 5 and 6 wells from the remaining WWP 

and Lewiston municipal and industrial wells. 

2) The hydrogeologic boundary that separates WWP well Nos. 5 and 6 

from WWP well Nos. l, 2, 3, 4, and 7 appears to be a dike. 
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3) The recharge boundary of the river was not intersected with the 

cone of depression of pumped well WWP No. 3. 

4) The slope changes in the semi-log plot of the drawdown curves can 

best be explained by the existence of negative boundaries and well interfer-

ence. 

5) The most representative value of transmissivity is 5 x 105 gpd/ft 

(6,200 m2/day) and for storage is 5 x 10-5. These aquifer coefficients may 

be used to project long-term drawdown only if image well theory is used to 

model the aquifer boundaries believed to be present. 
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CHAPTER 6 INTERSTATE WELL INTERFERENCE 

Introduction 

Predictions of well interference between wells of Lewiston, Idaho and 

Clarkston, Washington are presented in this section based on a simplified 

model of the "Russell" aquifer. Orawdown is calculated at a hypothetical 

observation well located on the Idaho-Washington state line. Pumpage in 

the two cities is represented by two hypothetical wells: one located in 

Clarkston and discharging at 10,000 gpm (37.9 m3/min.) and the other lo­

cated in Lewiston and discharging at 4,000 gpm (15.1 m3/min.). These 

discharge rates are chosen to represent the extensive use of the Lewiston 

and Clarkston municipal wells during the summer months. Orawdown at the 

observation well was calculated for ten and one hundred day pumping periods. 

Tw~ separate model configurations of the ''Russell" aquifer were examined. 

One configuration assumes all the water in the aquifer is derived from 

storage while the other configuration introduces a nearby surface water 

source for aquifer recharge. 

Image Well Theory 

The presence of hydrogeological boundaries in the aquifer prevents 

the direct use of the Theis non-equilibrium formula for the calculation 

of drawdown in the hypothetical stateline observation well. The method 

of analysis used in this chapter is based on image well theory because 

of the mathematically based assumption of infinite areal extent of the 

aquifer. This type of theoretical analysis replaces the hydrogeological 

boundaries with imaginary wells. These wells induce the same effects as 

the boundaries (Ferris and others, 1962). The use of image well theory 

allows drawdown calculations to be made as if the aquifer were of in-

finite areal extent. 
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The effect of a hydrogeologic boundary is replicated by an image well 

located at the same distance, but on the opposite side of the boundary from 

the pumping well. The location of this image well is such that the hydrogeo­

logical boundary is the perpendicular bisector to a line drawn from the 

image well to the real well. If the boundary acts to recharge the aqui-

fer, such as a stream or lake, then it is termed a "constant head" or 

positive boundary. The hydraulic action of a positive boundary is re-

placed by a recharging well that injects water into the aquifer at the 

same rate that the real well is discharged. If the boundary is a bar-

rier to groundwater flow, then it is termed a negative or impermeable 

boundary (Figure 6-1). This negative boundary is replaced by an image 

well that is discharged at the same rate as the real well. The drawdown 

in an observation well can be found at any given time by applying the 

Theis non-equilibrium formula, using the radii from the observation to 

the real and image wells. The drawdowns in the observation well from 

the pumping well and image well(s) are then added algebraically 

(necessary to account for a recharging image well) to find the cumulative 

drawdown in the observation well. 

If the aquifer contains more than one boundary, then an array of 

image wells is formed. In this respect, the boundaries "mirror" the 

real wells and other boundaries with their image wells. If two aqui­

fer boundaries happen to be parallel, an infinite array of image wells 

results. Generally, only the nearby image wells are used to estimate 

the drawdown in a given observation well since the more distant image 

wells would not produce a significant water level change. The arrays of 

image wells in an aquifer with hydrological boundaries that are perpen­

dicular and parallel are illustrated in Figures 6-2 and 6-3. 
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Model Formulation 

Two predictive model configurations were chosen for the drawdown 

calculations. The initial configuration is patterned after Figure 6-2. 

The impermeable barriers of Figure 6-2 are represented by the Wilma Fault 

and the dike believed present in Clarkston. For simplicity of the model, 

these negative hydrogeologic boundaries are assumed to intersect at 

right angles. The resulting model configuration and array of image 

wells is illustrated in Figure 6-4A. This model represents an aquifer 

where pumpage is largely derived by a depletion of groundwater in 

storage. This case is applicable to the "Russell" aquifer if it were 

recharged by precipitation from the distal southern highlands. In 

this respect, the groundwater flowpath length would be about 20 to 25 

miles (32 to 40 km) from the southern hydrogeological boundaries of 

the study area to the discharging wells of the model. 

The second configuration is a composite of Figures 6-2 and 6-3 

as it introduces a third hydrogeologic boundary that is positive and 

parallel to the Wilma Fault (Figure 6-4B). This positive boundary is 

introduced to account for, in a simplified form, all of the river water 

recharge to the "Russell" aquifer. The placement of the boundary is 

put at Asotin, approximately 4 and 6 miles. (6 and 10 km) from the two 

discharging wells of the model. 

Both boundary types are assumed to ( 1) fully penetrate the "Russell" 

aquifer and (2) extend infinitely away from their points of intersection 

in order to comply with image well theory (Ferris and others, 1962, p. 144-

161). It is felt that these assumptions can adequately replicate the hydro­

geologic boundaries. 
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The dimensions and layout of the model with respect to the physical 

system are as follows. The northern boundary (Wilma Fault) is located 

about 6,000 feet {1,800 m) north of the line dividing Townships 35 and 

36 N. in Idaho. The location of the negative boundary (the dike) is 

1 mile (1.6 km) east of the dividing line for Ranges 46 and 47 E. in 

Washington and is based on the findings of Aquifer Test No. 5 (Figures 

5-12 and 6-4N. The positive boundary is located about 32,000 feet (9,800 m) 

south of the northern negative boundary (Figure 6-48). Only the first set 

of image wells resulting from the parallel boundaries were used in the cal­

culations. This was done since the next nearest image wells would not have 

produced a significant water level charge. 

The Washington Water Power Company wells are represented by one well 

in Clarkston discharging 10,000 gpm (37.8 m3/min.) located 9,300 feet 

{2,830 m) south of the Wilma Fault and 6,500 feet {1,980 m) east of the 

dike. This locates the well near Twelfth and Highland Streets in Clarkston, 

Washington. The City of Lewiston and Twin City Foods wells are represented 

by one well discharging 4,000 gpm (15.1 m3/min.)~ located 1,600 feet (490 m) 

south of the Wilma Fault and 13,000 {3,960 m) east of the dike. The loca-

tion is analogous to a well halfway between the Twin City Foods well and 

the City of Lewiston well no. 1A. The observation is placed on the state­

line 6,400 feet {1,950 m) south of the Wilma Fault and 11,500 feet {3,510 m) 

east of the dike. 

All wells are assumed to fully penetrate the aquifer and be of infi-

nitely small diameter. The aquifer is also assumed to be homogeneous, iso­

tropic, and of infinite areal. These assumptions are necessary in order to 

use the Theis method of analysis for well interference calculations (Ferris 

and others, 1962, pp. 93-98). 
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The aquifer coefficients of transmissivity (5 x 105 gpd/ft (6200 m2/day)) 

and storage (5 x 10-5), used in the model, were obtained from Aquifer Test 

No. 5. Aquifer coefficients from Test No. 5 were selected because of 

{1) the greater number of observation wells and (2) the known quality of 

the collection and analysis of the field data. 

Drawdown Predictions in the Hypothetical Interstate Well 

Based on the assumptions given above for the model, three pairs of 

drawdown amounts in the hypothetical observation well were obtained for 

ten and one hundred day pumping periods. Drawdown values of 22 and 29 feet 

{6.7 and 8.8 m) were predicted in the model aquifer when it contained no 

boundaries and thus no image wells. With only negative boundaries, the 

drawdown increases to 65 and 96 feet (19.8 and 29.3 m) for the selected time 

periods. The introduction of the positive boundary reduces the drawdown to 

36 and 37 feet {11.0 and 11.3 m). These numbers represent drawdowns found 

during and at the close of a summer pumping period. 

A review of actual municipal well locations indicate that the WWP 

No. 4 well is reasonably close to the hypothetical observation well site. 

As such, its long term hydrograph can be used to examine the accuracy of 

the simple model (Figure 4-2). The original static water level in the 

WWP No. 4 well was 721 feet (219.7 m) (Appendix A, Table A-2). Most of the 

record shown in Figure 4-2 occurs prior to 1975 or the filling of the Lower 

Granite Reservoir. During this period, the water level appears to have 

stabilized near an elevation of 710 feet (216m) msl during the non-pumping 

season. During the pumping season, the water level occasionally declines 

to 660 feet (201m) msl but is usually in the range of 670 and 690 feet 

(204 and 210m) msl. If one assumes that water levels below 670 feet 
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(204m) msl are caused by the pumping of the WWP No. 4 well, then the 

seasonal well interference amounts to about 40 feet (12m). This compares 

favorably with the amount of predicted drawdown in the hypothetical state­

line well of 37 feet (11.3 m); the model thus appears to be a reasonable 

representation of the aquifer system. 

It is felt by the author that the model is an over-simplification of 

the complexity of the real hydrogeologic system of the 11 Russel1 11 aquifer 

and should only be used as the initial step in the construction of a more 

representative computer model. Future groundwater development and aquifer 

testing in the 11 Russell 11 aquifer will invariably aid and refine this pre­

dictive tool. 
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CHAPTER 7 WATER QUALITY CHARACTERISTICS 

OF THE RUSSELL AQUIFER 

Existing Water Quality Conditions 

The present water quality in the deep aquifer in the Lewiston 

Basin is excellent. This is shown by a water quality analyses from 

municipal wells in the Lewiston Basin presented in Table 7-1. The water 

generally has total dissolved solids levels less than 350 ppm (parts per 

million) with a slightly basic pH in the range of 7.1 to 8.0. Chemical 

analyses indicate that the principle cations are sodium, calcium and 

magnesium. Most of the sodium concentrations are in the range from 20 to 

50 ppm. The water quality found in the deep aquifer in the Lewiston Basin 

is typical for that found in basalt synclinal valleys in the Washington­

Idaho area. Table 7-2 gives a summary of basalt water quality for the 

Columbia River Group as compared to the range for the Lewiston Basin. 

The temperature of ground water from the Russell Aquifer ranges 

from 60°F (degrees Fahrenheit) to 74°F. This is typical of a normal 

geothermal gradient of 2°F per 100 feet of depth found in the Columbia 

River basalts. 

It is important to note that the ground water quality from the 

lower aquifer in the Lewiston Basin is very similar to that found 1n the 

Snake and Clearwater rivers. Table 7-3 lists the range of concentrations 

of various elements of the Snake River near Anatone, Washington for the 

1976 water year. 

Potential for Aquifer Water Quality Degradation 

This study has shown that the water in the Russell Aquifer 1n the 

Lewiston Basin is derived largely if not entirely from recharge from the 
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TABLE 7-1 
WATER 1UALiiY ANAL'!SES FROM MUNICIPAL 1iiELLS !N THE LEWISTON 3ASIN: 

~•e 11 I Gate 
.~ame Coll. I 

I I I 
' Lewiston I 

9-2-551 I J 1 i L..,__ 

I 41 I 9-25-64 i 
I 

41A i 1-25-62 I 
I 

I 7-28-69 I 
1 

<1A 
I 

HA ! 6-22-73 i ; 

I <11A 7- 1-i4! 

HA i 6-10-75 

I •2 ! 9- 2-55 I 
I 

I n 10-16-621 

I f2 6-22-73 

i •2 6-22-73 j 

I •2 7- 1-74 
I 

I >12 6-10-75 

I •3 7- 1-53 1 j 

t3 9-12-55 i I 

1 I 

I 

i o3 i 9-25-64 i 
I 43 I 7- 1-74 ! 
I 

f3 I 5-10-75 

' I 
<4 7-28-69 i ! 

i 11- 4-71 I ;4 

' 
~4 5-22-73 l 

I •4 ! 7- 1-74 I 

1 
,;4 6-10-75 

I 45 : 7-28-69 i 
i zS ! 6-22-73 i 
i 'iS I 7- 1-74 

I 45 I 
6-10-75 f I ; 

i ?5 ! 7-11-78 1 

! L.O. !.0. 4-26-78 

I I l I -L 

PART A - PHYSICAL PARAMETERS 

PART 8 - CHEMICAL PARAMETERS 

(Constituents given in ppm or mg/1 unless otherwise ~oted} 

P~RT A - PHYSICAL PARAMETERS 

Temp. I Turb. 

I 
A1k.l Hard \ Color 

1 JF - Jc pH J. T .U. T.S. )I T.D.S.i Cond. i caco, CaCOJ I c.u. JSource I 

I 
2 ) '- l S I I 

I 

I I 68.01 l I 7.9 i 128 c 
I 

l 220.0 i [ 
I 

48.0J I I 3.0 57. OJ A I I 

59.50F I I 1 ~si I r 210. o t 115.o i 12o.o 1 ~~t0 I c 

J <25. 0 I I 

I 22.0°C I 7.8 136.0 1 128.0 <5.0 8 

I I I j I 96.0 i 72.0 i 8.0 2.0 i a 
I \ I 

7.7 i J.O 292.0! 202.0 i i 94.0 96. o 1 <5. o B 

I 6.5 
I 

4. 6 i 1180. o 1 i 96.0 i 100.0 <5.0 B 

I 8.0 I I 136.0 85.0 c 

i 7.4 230. o 1 
I 

96.0 140.0 A 

8.1 460.0 1o4.o 
1 

124.o 1 B 

I, 7.6 2.0 144.0 I 6o. o I 48.0 a 
I 

7.4 2.0 175.0 I 18.0 22.0 <5.11 I B 

6.9 63.0 : 332.0 124.0 1176.0 <5.0 B 

68. 0°F I 8.0 35o. o I l 128. s 1 39.0 I 
I c I I 

I 8.2 I 253.4 1 
I 

133.0 41. o 1 I c I I 

I 8.0 i 220.0 i s7. o I j I 48.0 A I 

' 
8.1 2.0 1101.0 34.0 38.0 i <5.0 i B 

I 3.1 [206.0 i I I 6.9 116.0 40.01-:5.0 B I I 

18.o0c I 7.5 <25. 0 1 J 350.0 t 152.o l14o.o 1 <5.o I B 
I 

i 7.9 
I < 1. o I m. o ! 2n. o i 148.0 1136.0 1 i B 

7.9 : 380. o I I : 136.0 116.0 ! 
I 

' 
B 

I I 

8.0 I 4.0 1302.0 I ' I 118.01120.01 <5.0 ' B 

7. 1 ! i 2.8 1230.0 120.0l !12.0 <5. 0 l B 

19.00C l 7.8 :<zs.o I [290.0 j 148.0 f 120.0; <5.0 i B 

I 8.0 : 3.0 !284.0 I : 124.0 : s6. a 1 l B 
I 

' I 
j 3.1 I 2.0 ! i280.0 

I I 64.0 <5.0 ! B 
I I i 124.0 ! 
I ! 3.2 : 185.0 [108. 0 sz.o 1 <5.o I B i 7. 3 I I 

I I 

7.45 1 ! s5.o I 16.o 1 26.a. S.J 8 

.51 1224.0 110.0 14.0 7.5 J 

I i 1. 'I 
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Clarkston 
1.-IWP >1 

WWP #2 

WWP n 
WWP n 
WWP 43 
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'.-I';IP 1/3 
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i/2 
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i 

' 
' ' 

! 
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I 0 F - JC 
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I 

3- 7-58: 

: 

i 

10-28-59 I 23. s~c ! 
I 

5-24-60 23.5°C ' i 
I 

11- 5-63 I 

pH 

7.9 

8.1 

8.4 

8.3 

8.5 

TABLE 7-1 (Cont•d) 
PART A - PHYSICAL PARAMETERS 

: Turb. I iAlk. 
i J. T.U.1 T.S. IT.D.S.I Cond. i CaC0 3 
I 2! J I 4 ! 51 

I ~ < 

I i m.o I I 63.0; I I 

Hard Co 1 or 
CaC0 3 C.U. 

54.0 

I 201.0 I I I 1 I I 55.0 16.0' 

i I izo2.o 24.8 1101.0 : 
I 
I 5 I I ' 

I i I ' ! 
1199.0 23.6 1101.0 ! I 

I I I 
' 2. oe I I 220.0 52.2 I 

I 

7.85 i 
1
239.o I 12o.o 1 5o.o I ' 5- 5-7s 1 I 255.0 I 
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1 5o.o i 3.0 
I I 

! 12- 2-61 i I 8.0 222.0 1222.0 123.o91 
I i 

i 10-30-62 23.3°C I S.2 1241.0 i 303.0 i 32.0 1 
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i ' 

' 88.0 I 88.0 I 7. 1 .8 I 204.0 5 

! i I 

I 1170.0 1170.0 204. ol 
I 
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TABLE 7-1 (Cont 1 d) 

TABLE B - CHEMICAL PARAMETERS 

W 11 D t e I a e I 

NH 3 J I 
I I 

! I 

i Name I Co11. A1 I AS I Ba Cd Ca ! C1 I Cr Cu F I F<> 
I 

Pb 1 I i 
i Lewiston I I l I ' I I I I ' I : #1 9- 2-55 ! 0 I i 10.0 i 0.4 I 

t 
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i n : I 34.0 19.0 i . 08 : I I ' 0.18 
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. o18 I 1 ' 
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' - -
a: o3J 
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I 

I 
f I 
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I I 
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I i I I 
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I I I 
I I I ' I j ' 
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I I 7- 1-74 I I ' I < .oo1 ! <. 003 : 1.18 I .04 i <.01 .f3 I I < .01 I <0.1 12.0 10.0 <.01 
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I #3 6-10-75 ' <.001 11.0 4.0 . 02 ; <. 01 I 
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I 
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TABLE 7-1 (Cont'd) 
TABLE B - CHEMICAL PARAMETERS 

! ~~ell I ~~~~. Mg 1
1 

Mn 1

1

, Hg N0 3 N0 2 I P04 K : Se I Si02 11

1 

so. 
7 
i fla 

' 'arne I I 6 I ' , ' 
ln 

I L ewi s ton 1 ~ 1 ·i I 1 
1 I I 

! #1 9- 2-55 I I 6. 5 I 

r---'~--~9~-2~5~-6~4~'~2~-~o4----+----~o~.3~-----+1 -----~~ ___ _,i ______ +l~------r-~7.~o~l------+~---~ 
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: 
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HA 6-22-73 6.0 
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.02 

6.4 
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TABLE 7-1 (Cont 1 d) 

TII.BLE B - CHEt·HCAL PARAMETERS 

Well Date 
N.ame Coll. Al NH, AS Ba Cd Ca Cl Cr Cu Fe Pb 

ww 
~1 3- 7-581 

I 
30.0 i 24.0 : 0. 6 

•2 3- 7-58 I 9.0! 11.0 I !. o 1 0.1 
I !40. liZ 10-28-59\ 6. 5 : 7.8 I 1.1 I UG/l 

I I 
112 5-24-60! I 

I 

I o.6 o!3 11- 6-63 I 11.0 : 0.2 
I I o. sz 

I 
n I 5- 5-75 i 

#3 2- 7-79 : <. 01 \ <. 02 \ . oo5 1 <. 005 i o. 6 
I 

. 01 I . 02 
I I 

15 I 12- 2-61 I I I 
I I 

*5 10-30-62 : 0.2 11.0 I o. 01 .I 

Asotin I I 
~1 

I 7-19-72 I I 13,0 .84 I 

: 12- 2-70 : <. 01ol : <, 030 <.D5ol .4 .03 
I 

5-19-71 i 
I 

7-19-72 ! 
!12 l-11-78 i <. 01 <.25 <.005 
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TABLE 7-1 (Cont•d) 

TABLE B • CHEMICAL PARAMETERS 

i Well I ::late 
I 

I I 

I I 
I I I 

I ·o i 504 7! i I Name i Coll. Mg I Mn I Hg N0 3 . N02 1 P04 , I K i Se I Sl 2 Na i!n i I 

WWP I 3- 7-58! i ! I I I 18.0 I 4.o I I i I #1 30.0 9.0 

' #2 I 3· 7-58 
I I I 56.0 ! 1 33.0 ! 10.0 1o.o I I 

i i o. 2 ! . 1o I 
I i 65.0 j 8.9 1 42.o 

I I 

#2 10-28-59/ I I 9.9 I I I 

I 
' ! I I I i 

#2 I 5-24-60i ' I l j I 
#3 i 11- 6-63 i i l I I I 

I 

2.0 18.5 25.0 9.25 65.0 I 

I #3 I 6- 6-75! 2. 4 I l 0.44 J 0.03 9.2 75.0 12.1 33.5 I 
I I I< . 003 !<. 0002 I I ! 

·! 
I #3 2- 7-79' . 1 <. 002 17.2 39.0 

I I I I I I 25.0 I 30.0 I 42.0 130.0 #5 12- 2-61 1 ' 
; 

I 10-30·62 1. o I I I #5 11.0 66 0 25 0 49.0 I 
! Aswn 7-19-72 12.63[.oo9 .2 . 074 I .15 10.5 47.0 9.2 17.0 I I 
I I 

i o2 I 12·2-701 /<20. 0 
LiG/L .30 5.2 8.7 60.0 I 17.0 uc9c 0 I 

l #2 5-19-71 ! I I I I I 

I 112 7-19-72 238.1 i .009 I< . 01 . 049 .73 10.5 I 18.4 12. o : 17. 3 1 I I 

I 
#2 1-11-781 [0. 012 <. 001 < . 1 I \<. 005 I ! i I ! 

I I I 

FOOTNOTES 

1. < means 1 ess than 

2. Turbidity expressed as Jackson Turbidity Units 

3':• T.S. • Total Solids 

4. T.O.S. • Total Dissolved Solids 

5. Cond. • Specific Conductivity expressed a umohs/cm at 25 C. 

6. P0 4 given as total phosphate 

7. 504 given as total dissolved sulfates 

8. Alkalinity in ppm CaC0 3 from phenolphthalein analysis 

9. Alkalinity in ppm CaC0 3 from methlorange analysis 
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TABLE 7-1 

WATER QUALITY ANALYSES FROM MUNICIPAL WELLS 
IN THE LEWISTON BASIN 

WATER QUALITY 

SOURCES 

A. Idaho Department of Health, Engineering, and Sanitation Division, 
January 1968, A Compilation of Chemical Analysis of Public Water 
Supplies in the State of Idaho, Boise, Idaho, p. 20. 

B. Idaho Department of Health and Welfare, Division of Env·ironment, 
January 1968-July 29, 1976, Region I, Chemical Analysis of Public 
Water Supplies in the State of Idaho, Boise, Idaho, pp. 19-20. 

C. City of Lewiston, Water Treatment Plant Laboratory, Lewiston, 
Idaho: Obtained from P. A. Durand files, donated to the archives 
of Penrose Memorial Library, Whitman College, Walla Walla, 
Washington. 

D. Washington Department of Social and Health Services, Health Services 
Division, Seattle, Washington. 

E. ABC Testing Laboratories, Spokane, Washington: Data obtained from 
Washington Water Power Company, Spokane, Washington. 

F. Washington Testing Laboratories, Inc., Spokane, Washington: Data 
obtained from Washington Water Power Company, Spokane, Washington. 

G. U. S. Geological Survey, Water Quality Data, Water Year October 1959 
to September 1960: Computer print-out of June 7, 1978 from U. S. 
Geological Survey, Water Resources Division, Tacoma, Washington. 

H. , Water ualit Data, Water Year October 1970 to Se tember 
1971: Computer print-out of June 7, 1978 from U.S. Geo ogica 
Survey, Water Resources Division, Tacoma, Washington. 

I. U. S. Geological Survey, Water Analysis, October 30, 1962: Obtained 
from Washington Water Power Company, Spokane, Washington. 

J. Idaho Department of Environmental and Community Services, 1978 
Laboratories Section, Potable Water Quality Report of L.O.I.D. 
(Lewiston Orchards Irrigation District) Well, April 26, 1978, 
Boise, Idaho. 
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TABLE 7-2 

SUMMARY OF BASALT WATER QUALITY: RANGE OF VALUES FOR 
DISSOLVED CONSTITUENTS IN AQUIFERS OF THE COLUMBIA RIVER 

GROUP AND AQUIFERS OF THE LEWISTON BASIN 
(GIVEN IN ppm or.mg/1) 

PRINCIPAL CATIONS PRINCIPAL ANIONS OTHER 
AREA Na Ca Mg C1 $04 HC03 Si(OH) 4 Fe 

Columbia 100-6 100-8 106-0 30-5 50-10 300-50 80-40 .30-.01 
River 
Group* 

Lewiston 130-2 57-4 238-.2 46-2 62-4 162-2 80-4 .84-.01 
Basin** 

*Common range of values for the Columbia River Group (from Newcomb, 1972). 
**See Appendix D for the water quality and sources of information for the 

individual wells. 
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TABLE 7-3 

WATER QUALITY FOR THE SNAKE RIVER NEAR 
ANATONE, WASHINGTON, FOR 1976* 

DESCRIPTION RANGE 

Field specific conductance (micro-mhos) 106-263 

Hardness (Ca, Mg) (mg/1) 51-140 

Dissolved calcium (Ca) (mg/1) 14-35 

Dissolved magnesium (Mg) (mg/1) 3.8-12 

Dissolved sodium (Na) (mg/1) 6.8-25 

Dissolved potassium (K) (mg/1) 1.4-3.5 

Dissolved sulfate (so4) (mg/1) 11-43 

Dissolved chloride (C1) (mg/1) 3.9-18 

Total nitrogen (N03) (mg/1) .71-5.3 

Total phosphorus (P) (mg/1) .01-.09 

Total arsenic (As) (ug/1) 2-38 

Total iron (Fe) (ug/1) 80-1300 

* Range of values during 1976 water year. 
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Snake and Clearwater rivers and their tributaries. As such, the quality 

of ground water in this aquifer will change as the water quality in these 

streams change. The river water quality is particularly important near 

the recharge areas shown on Figure 3-6. Potential sources of water quality 

degradation occurring from land use in these areas is also of major 

importance. Based upon available records, there has not apparently been 

any major change in water quality in the deep aquifer resulting from man•s 

activities. However, the potential for such change exists and should be 

recognized. 

A significant period of time is required for water to move through 

the aquifer from the identified recharge areas to the vicinity of the 

present municipal wells. A crude estimate of the rate of ground water 

movement may be obtained using Darcy•s law and the following input charac­

teristics: hydraulic conductivity of 1000 gpd/ft2 from pump test No. 5, 

a gradient of 3.3 feet per mile based upon water level data, and an 

estimated porosity of 0.10. Using these input values. an average ground 

water flow velocity of 0.84 feet per day may be claculated. This shows 

that there would be a significant time lag between the recharge of poor 

quality water at the recharge areas and subsequent discharge from pumpage 

in the municipal wells. 

The upper aquifer in the Lewiston Orchards area is not hydraulically 

interconnected with the Russell Aquifer. Significant movement of water 

from the upper aquifer to the Russell Aquifer will occur through improperly 

constructed wells. Care should be taken to insure that deep wells in 

the Lewiston Orchards area are cased and sealed throughout the upper 

aquifer. 
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CHAPTER 8. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summarv and Conclusions 

Groundwater pumped from the municipal and industrial wells of the 

Lewiston Basin is derived from the basalt aquifers of the Grande Ronde, 

Wanapum, and Saddle Mountains Formations of the Columbia River Group. 

The Grande Ronde Formation is the oldest of the three and contains the 

most productive aquifers. Only the upper 800 feet (240 m) of the Grande 

Ronde Formation basalt are used for groundwater production. The aquifers 

within this vertical section have been grouped and named as the "Russell" 

aquifer. Overlaying the "Russell" aquifer are aquifers of the Wanapum and 

Saddle Formations. The high productivity of the "Russell" aquifer is attrib­

uted to a lack of soil interbeds in the interflow contact zones in contrast 

to the aquifers of the younger formations. 

All of the formations of the Columbia River Group in the Lewiston 

Basin have been tectonically deformed by post-Miocene compression and 

faulting. The central feature of the basin is the Lewiston Syncline. 

Folds and faults on the margins of the synclinal basin were identified as 

the hydrogeologic barriers that define the lateral extent of the "Russell" 

aquifer and other groundwater flow systems of the Lewiston Basin. 

The major amount of recharge and natural discharge is believed to 

occur where the lateral continuity of the "Russell" aquifer is breached 

by faults, folds, and stream or river canyons. Recharge to the aquifer 

by precipitation is believed to occur on the southern margin of the Lewis­

ton Syncline. Most of the recharge to the "Russell" aquifer is believed 

to occur where the basalt flows dip at a concurrent angle greater than 

the stream and where the interflow zones of the basalt outcrop in the river 
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channel. Such areas occurs in the Clearwater River Channel approximately 

7 to 17 miles {11 and 27 km) upstream of its confluence with the Snake 

River and in the Snake River 3 to 9 miles (5 to 14 km) upstream of its con­

fluence with the Clearwater River. Two discharge areas were identified in 

the Snake River Channel where it crosses the topographic low of the Lewiston 

Basin downstream of the confluence. 

Two hydrologic features were delineated within the 11 Russell 11 aquifer. 

A groundwater flow barrier, believed to be a dike, was located during a 

1979 aquifer test in an area south and west of Clarkston, Washington. A 

second feature was the presence of highly productive aquifers located at 

the lower limit of the 11 Russell 11 aquifer. Examination of well lithologies 

and specific capacity data provided this information. 

Water level records from the 11 Russell 11 aquifer support the hypothesis 

of a river-aquifer interconnection. The original static water levels in 

the municipal and industrial wells were found to be nested within the range 

of elevations of the postulated areas of river recharge and discharge. The 

long tenn hydrographs of the municipal wells in the 11 Russell 11 aquifer do 

not show a steady decline. Finally, a rise in the water levels of the 

municipal wells coincides with the filling of the Lower Granite Reservoir. 

The mean static water levels in the municipal wells are lower than the sur­

face water level at the Snake River Channel discharge site. It is postulated 

that pumping has reversed the groundwater flow direction; the former dis­

charge area near Silcott, Washington is now a recharge area. 

The quality of groundwater was found to be suitable for direct munic­

ipal use without treatment. Therangeofdissolved constituents is similar 

with that of groundwater in the other basalt aquifers of the Columbia River 

Group. 
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Five aquifer tests have been conducted using the Clarkston-WWP 

municipal wells. Four of the tests were conducted in the mid-1950's and 

used two observation wells. The fifth test was conducted in 1979 and had 

additional observation wells in use. Evidence for a river-aquifer inter­

connection was also found in an aquifer test and specific capacity test 

conducted on the Clarkston-WWP wells. These indicated a positive or 

recharge boundary to exist in time-drawdown data during a period of 5,500 

to 7,000 minutes after pumping had commenced. 

Aquifer coefficients of transmissivity and storage were found to vary 

from well to well. Transmissivity values were found to range from approxi­

mately 1.1 x 105 to 1. 7 x 106 gpd/ft. (1 ,400 to 21 ,000 m2/day). Storage 

coefficient was found to vary from 1.1 x 10-3 to 1.4 x 10-5. The coeffi­

cients of transmissivity and storage calculated from Aquifer Test No. 5 of 

March, 1979, were 5 x 105 gpd/ft. (6200 m2/day) and 5 x 10-5 respectively. 

The potential for additional development of the 11 Russel1 11 aquifer 

for municipal ·alld industrial groundwater use exists. This conclusion 

is based on the analysis of municipal well hydrographs and aquifer tests. 

Recommendations for this development are given hereinafter. 

Recommendations 

1. Additional aquifer tests should be conducted in the 11 Russell" 

aquifer to better determine the location and extent of hydro­

geologic boundaries and aquifer coefficients of transmissivity 

and storage. These values have yet to be obtained from any of 

the Lewiston area wells. Groundwater development of this area, 

at present, could only be planned on the aquifer coefficients 

gained from the five Clarkston-WWP tests. Information gained 
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from additional aquifer tests would benefit the predictive 

accuracy of a computer model. 

2. A computer model of the "Russell" should be constructed. Such 

a model should contain positive and negative boundaries. This 

model could be used as a predictive tool for estimating draw­

downs in areas where future groundwater development of the 

"Russell'' aquifer is to take place. 

3. ~Jells constructed in the "Russell" aquifer should include solid 

casing through the interval of the upper aquifers used by shallow 

wells. Such construction would eliminate the possibility of 

aquifer "thieving" or draining of an upper aquifer by a well 

borehole. 

4. The present water quality may degrade due to upstream contamina­

tion of the Snake River. The presence of Lower Granite Reservoir 

may provide a site for additional concentration of dissolved 

constituents. Temporal plots of water quality should be con­

structed to monitor changes in concentrations of dissolved con­

stituents from the individual wells. Water quality samples should 

be taken and analyzed on an annual basis for each of the wells. 
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APPENDIX A 

WELL INFORMATION: LITHOLOGY, DIMENSIONS, AND HYDRAULICS 
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TABU A-1 Hfll l ITIIOLOCW 

£1 evations Given in Feet 11Sl 
* Denotes Water 

SWL ~ : Static Water Level in Feet HSl 

Well Name: City of Asotin Well Nl 
tocation: TION-R46£-S21 NW NW 

A'otin Co., Wash. 

Date Completed: 2/14/61 
Driller: Charles Jungman. 

Walla Halla., Wash. 

~hi ci~~s_s ____ From_ 4 _ ---~l_ogy_ ___ ::=r-=r-=::-.==---~· 
0 800 79u orown, l»--O<en rocK ann uouo ners 

14 790 776 cemented gravel 1 

4 776 772 grey, broken basalt 
II 772 761 black, medium, broken basalt 
21 761 740 grey, hard basalt 
12 740 728 brown, medium and grey, hard basalt 
4 728 724 black, medium, broken basalt 
4 724 720 brown, red, green, broken basalt 

18 720 702 brown, soft, broken basalt 
32 702 670 grey, medium, broken basalt 
41 670 629 brown, soft, broken basalt 
16 629 613 black, medium basalt 
10 613 603 brown, medium basalt 
2 603 601 brown, hard basalt 
5 601 596 black, medium basalt 

24 596 572 grey, hard bas a 1t 
17 572 555 black, medium basalt 
11 555 544 b 1 ack, hard basalt 
8 544 536 brown, medium basalt 
8 536 528 brown, hard basalt 
3 528 525 brown, medium basalt 
9 525 516 black, meditnn basalt 

12 516 504 black, hard basalt 
19 504 485 black, medium basalt 
II 485 474 black, hard basalt 
26 474 448 red, medium and hard basalt 
25 448 423 black, medium and meditnn hard basalt 
4 423 419 blue hard basalt 
3 419 416 black hard basalt 

13 416 403 red and black, medium basalt 
3 403 400 brown, hard bas a 1 t 
3 400 397 black, soft basalt 
5 397 392 black, hard basalt 
1 392 391 grey, hard basalt 
1 391 390 red, hard bas a 1t 
1 390 389 grey and very hard basalt 

10 1RQ 37Q bl~ck, hard and brown, hard broken 
basa It 

City of Asotin Well WI (con't.) 

!_!li5=kne~-~~ ---~hoi~~L-:r~~-------~-----2 J/~ Jll grey, 1ne sanu 
5 377 372 black, hard basalt 
5 372 367 black, soft, porous basalt 

19 367 348 black, medium hard basalt 
28 348 320 grey, hard ba sa It 
5 320 315 red, soft basalt 

11 315 304 red, medium hard basalt 
12 304 292 red, brown, black, medium hard basalt 
11 292 281 black, medium hard, broken basalt 
8 281 273 black, soft, medium hard, (some 

porous ) basalt 
12 273 261 grey, hard, broken and caving basalt 

Well Name: City of Asotin, Well 12 Date Completed: 4/15/61 
location: T10N-R46£-S16 S£ SW Driller: Charles Jungman 

Asotin Co., Wash. Walla ~alla, Wa. 

Thickness From To Lltholo~ 
33 760 727 over bu~en, boulders~sands and 

and gravels 
2 727 725 black and soft basalt 
4 725 721 grey hard basalt 

16 721 705 blue, medium, basalt* 
18 705 687 dark, medium, basalt 
14 687 673 decomposed red and black, basalt 
8 673 665 soft, blue, broken. basalt 
2 665 663 dark, medium, hard. basalt 
1 663 662 blue, hard, basalt 

17 66?. 645 dark, medium, hard. basalt 
15 645 630 dark, soft basalt 
20 630 610 brown, medium. hard, basalt 
15 610 595 grey, medium, hard, basalt 
5 595 590 brown, medium, basalt 
5 590 585 blue, hard, basalt 
9 585 576 dark, hard. basalt 
9 576 567 blue, hard, basalt 



1--' 
N 
N 

llllllF II I (font'd) 
CHy of 1\~otin, Well '" (mn't.) 

Thickness 
-1~-- -

15 
5 

26 
21 
37 
42 
19 
4 

lfl 
3 
3 

) -sn rt. 

rrom To 
~r- m 
-131 ·116 
416 411 
4ll 385 
3fl5 364 
164 327 
327 2B5 
285 266 
266 262 
262 244 
244 241 
?41 7.1R 

~~~i;~o~~ril-lia5ali: - -------- -- ---- · 
reddish, fractured, medium soft b<~sa 1t 
brown. medltm1 soft basa It 
medium hard basalt 
medium ~oft basa 1t 
dark hard basalt 
black and brown, medium soft, basalt 
dark, medium hard, basalt 
brown medium soft basalt 
black medium hard ha~alt 
dark medium hard basalt 
dark and hard basalt 
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TABU A-1 WEll liTIIOlOGY (con't.' 

Elevations Given in Feet MSl 
• Denotes Water 

SWL lil : Static Water level in Feet HSl 

Well NamP.: City of lewiston #lA 
tociltion: T36N-R6W-S36 NE SE 

Date Completed: l/28/62 
Driller: Midland Drilling Co. 

Well Name: City of lewt~ton Well 12 
location: T36N-R5W-S32 NU SW 

Date ComplPted: 9/24/48 
Drillpr: A.A. Durand ~ Son 

Walla Walla, Wash. 

Thickness 
is -
25 
35 
63 
29 
28 
33 

7 
10 
8 

l7 
5 

38 
18 
5 

18 
19 
35 

5 
5 

16 
10 
4 

15 
6 

17 
6 

D 

16 
26 
51 

8 
40 
33 
19 
14 

3 
'-7~ ft. 

Nez PP.rce County. Idaho Walla Walla, Wa5h. 

From To 
. 730 715 

715 690 
690 655 
655 592 
592 563 
563 535 
535 502 
502 495 
495 485 
485 477 
477 460 
460 455 
455 417 
417 399 
399 394 
394 376 
376 357 
357 322 
322 317 
317 312 
312 296 
296 286 
286 282 
282 267 
267 261 
261 244 
244 238 
218 225 

225 209 
209 183 
183 132 
132 124 
124 84 
04 51 
51 12 
32 -2 

7 -5 

· i~~~~H'~Y¥aver -- - - ···- · ---- -· 
coarse gr11vel * 
cement!'d gravl'l 
dark and medium dark, broken basalt 
light and medium hard sand 
clay on shells, broken basalt 
dark, medium hard, broken basalt 
grey, hard basalt 
dark, medium hard basalt 
grey, hard basalt 
grey, medium hard basalt 
hlack, soft basalt 
dark, broken basalt 
grey,medium hard basalt 
dark, medium hard basalt 
brown, medium, broken basalt 
dark, mediuM hard, broken basalt 
dark and black, medium hard. bro~en ba~alt 
grey, h~rd basa 1 t 
dark, medium hard ba~alt 
grey, hard basalt 
dark, medi~n hard, basalt 
grey, medium hard basalt 
grey, hard basalt 
grey, medium to hard basalt 
light brown, medium basalt 
dark brown, hard basalt 
brown, medium hard basalt 

(end of construction Hay 5, 1960) 
hard, grey basalt 
hard, dark basalt 
brown, soft basalt 
di!rk, hard basalt 
grey, \' ;-ry hard ba5illt 
dark, hard ba~alt 
hard, grey bilsalt 
variPgated hil~alt 
hard, grey bilsa1t 

Nez Perce County, ldilho 

IW.d.nes.s -~rom 
10 735 

7 725 
3 718 
7 715 
9 708 
3 699 
9 696 

27 687 
6 66D 

10 654 
25 644 
17 619 
3 602 

10 599 
13 589 
4 576 

11 572 
3 541 

22 538 
18 516 
10 498 
7 488 
5 481 

9 476 
7 467 

r-215 ft. 

~g5 --- ·---H~~l!Jgy ___ _ 

718 fine gravel 
715 coarse gravel 
708 boulder (probably bedrock) 
699 blue basalt. 
696 shattered basalt 
687 very hard basa 1 t 
660 medium hard basalt 
654 hard and medium hi!rd bas a 1t 
644 broken ba sa 1t 
619 medium hard bas a It 
602 hard basalt 
599 soft basa It 
589 basaltic conglomerate (gravel?) 
576 basalt w/some clay 
572 hard sandstone 
541 basalt 
538 sand 
516 basalt with hard streaks 
498 hard basalt 
488 soft basalt 
481 basalt 
476 hard basalt * warm wafnr with 

with tnn•r. est. 
sandy broken basalt 467 

460 grave 1-cobb 1 es up to 4 " 

------------ ----~---------"---

ter1p. 

Well Name: Clt.y of lewiston Well 13 
location: T3~N-R5E-S6 SW NW 

Nez Perce County, Idaho 

Date Compll't.Pd: 7/1/51 
DrillPr: A.fl. fluran.-t " Son 

Walla Walla, Wa5h. 

Thickness From To 
. --- 28 - -· .. 83T . 809 

47 809 762 
8 762 754 

20 754 734 
14 734 7?0 

~lt~l~gy ______ = -- - -- . 
Sl t, oirt and bou•ders 
hardpan with broken basalt 
medium hard grey gravel 
grey clay hard pan 
Gravel * ~wl lil 725 



I-' 
N 
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TABLE A-1 (Cont'd) 

City nf tf'wio;ton Well H1 (<:nn't.) 

Thickness From To Litho logy 
5 720 - ;g liartf ~n ·-
6 715 709 hlack sand 
7 709 70(1 houldf'r gr~vf'l 

71 702 6'!1 grey, h~rd har~ p~n 
44 691 647 gravel, cemented with cl~v 
B 647 639 brokP.n, hl~ck b~<;~lt 

138 6JQ 551 solid and fractur!'d h~salt 
l'l 551 532 c1 ~y an<l !>~sa 1 t 
12 532 520 h~rd black basa 1t. 
14 520 506 brnkP.n bas~lt with qreP.n clay 
?I 506 485 hrokPn hlack b~salt 
15 4!15 470 very hard hlue hasalt swl @ 7?1 
to HO 41i0 very hanl b~<;alt with crevirf'S 11f 

gr""" cl~y swl f<l 722 
4 460 156 very hard grey b~salt 
7 456 H9 black sand and hard blue chy 

45 449 404 soft green shale swl @ 722 
16 404 388 hard black basalt swl @ 743 
63 388 325 vpry hard, !fl"PY bas~ 1t swl @ 7J2-72'l 
6 325 319 medium hard grey basalt 
5 319 314 black, porous, soft basalt 

15 314 299 medl1nn hard blue basalt 
8 299 291 soft blue black basalt 
9 291 282 medium hard bluP. black basalt 

26 282 256 very hard, hlue black bas~lt 
4 256 252 soft, blue black, basalt 

15 ?57 ?17 very hard hlue, black basalt: 
) ofi{i(j ft. swl @ 729.5 

w;;-Tr flame: citv 01 T.eWlstmiWI>liT4 -oate completer:873t/51 __ _ 
loc~tion: T36-N-R5W-S32 NE SW Driller: A.A. Durand ~ Son 

Nel Pf'rce County, Idaho Walla Walla, Wash. 

Thickness from To Litho lot~ 
-------~-----10 iD rn c1ilder 111 

55 733 678 sand, gravpl, clay 
3 678 675 s~ndy shale 
2 675 673 brokPn bas a 1 t 
3 673 670 sand 

30 670 640 fracturPd basa It and hard bas a 1t 
53 640 587 hard b~s~lt 
Q4 587 49J h~rd, medium, an<l soft basalt 
15 493 458 fracture<! !>lack b~salt • 
3 458 455 soft 'l'"""n shale 
2 455 453 h~r<l qt·py h~sa It 

57 453 3<J6 grpP.n soft •h~le 
II lf1(, "{~r; fr~rfUt"Prl h~t·fl ~rtfl lltPrlilftll bfM~ ""'"Jt. 

· -1<;[! r t 

WelTNaiiie:-City oF lewlStoi1 w~ll /IS -
Location: T35N-R6W Sl2 

oa te Coiiiiil ;;"t;.d: 1 i iHi ~j 
Ori 11 er: A.A. Durand ~ ~'·n 

W.111 a t~a 11 a , w~ • h . Nez Pene County, Idaho 

Thickness ----8 
14 

3 
8 
7 

48 
40 
17 
60 
ll' 

44 
39 

10 
7 

166 
5 

6 
~ 

35 
10 
9 

46 
1:;600 ft. 

w-en Niiii.e:-

Location: 

Thickness -g 
4 

10 
54 
6 

34 
H 
10 
2 
7 

from To 
ss5 ·lin 
847 833 
833 8 30 
830 R22 
8{2 815 
815 767 
767 727 
727 710 
710 fi50 
6~0 filfl 

63R 594 
594 555 

555 545 
545 538 
538 370 
370 Jfi5 

365 359 
359 155 

J55 320 
320 310 
310 301 
301 ?~5 

~ 1itholE9.Y,._,_ . -·----~~ 
o ack bou "'er~ and topso1 
b 1 ~ck boulders 
coarse. black, bas~lt qr~vel 
yellow clay 
pink clay 
d~rk, dense, fine grain~<! ha~alt 
very hard, black ha>~lt 
brown cl~y interbed 
medium hard, hlack has~lt 
broken black basalt (~quifPr) 

* swl (il 685 
very hard black basalt 
medium and very hard hlack basalt 

*swl @ 695 
soft blue clay 
green soft c 1 ay 
very hard black basalt 
brown honeycomb basalt (~~uifer) 

*swl @ 715 
hard black basalt 
soft black basalt (aquif~r) 

•swl @ 725 
dense hard black basalt swl @ 71Q 
soft black basalt 
broken black basalt 
very hard to medium black bas~lt. 

intermittent aquifer zones 
-- ~-- ___ c_a'0_ng__-

cH:Y or lewTslOri WPTr # r -~r;; cotiiPletea:- 7!20i4f; · 
(Abandoned) Driller A.A. Ouranrl ~ Snn 

f36N-RfiW-S1fi N[ Walla Wall~. Wash. 

from To .1:_i_t_h_o I ogy 
710 Hs san<! 
715 711 gr~vel 

711 701 sand 
701 617 gt·avel and boulders 
647 641 broken rock 
fi41 607 basalt 
607 'i91 shattPre<l basalt 
5Q1 583 whitP sanrl ~nrl river qravel 
5R3 581 sand 
S111 571 hurnerl (?) snft basalt 



...... 
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( ity of tewi ~ton We 11 H 

Thickness J .. 
10 
I 
~ 
4 
4 

60 
14 
B 

19 
32 
13 
16 
5 
J 

) ·157 ft. 

From To 
574 . 571 
571 561 
561 560 
560 556 
556 552 
552 548 
5~8 488 
488 47~ 
.., 74 466 
466 447 
447 415 
415 -102 
402 3U6 
386 381 
3Bl 37!l 

(cnn' t.) 

nne 9~·.;-,;r- · 
shattered bas a 1t 
blue <halt> 
grey sand and gravel 
fine r<>d Silnd • 
coarse sand and gravel 
basalt 
basalt and grey shale 
hard blark basalt 
soft brown basalt 
b 1 ack bas a It 
grey basalt 
hard black basalt 
red bilsalt • 
brown basillt 

TABLE A-1 (!:ont'd) 



-~8L~ ~-1 'Cont'i) 

',jELL LOG 
~E'H l STON-CLARKSTON !f1PROVEr~ENT CO. 

:Statement of :~enry Adams) 

-~catea in ~ot 5 .,f 3lock LL 'lineland, Clarkston, ·~ash. Sec. 29, SW!o of SE'•· T llN, ' l6EWM, 
Asot~n :ounty, ~ash. Ground surface elevation 378.05 well ~outh. 

~ 

• 

5 

3 
'1 

'0 

., 
I• 

12 
13 

15 
16 
l7 

:s 

:o 

DEPTH-ft. ~ORK DESCRIPTION 11901) LAVE:< 
THICK 

~0 25 
25 JO 

SURFACE soil ana broken rock cut and blasted by hand 25 
BASALT ~OCK 1 i nes and crossed with seams; ari 11 wou 1 d ~ot .vork so this ·11as 

cut and blasted by hand at first :s 
40 " 70 ~ARD IELLOH CLAY, easy work but not much of it 30 
:o ., 

135 HONEYCOMB, easy drilling; the 12" hole was carried to th1s front and 
abandoned as it could not be driven through; a little 
·,o~ater was found but it did not rise 'l1Uch ~5 

135 " :75 YELLOW STICKY CLAY. 9 5/8" casing put in as cldy bound the tools, could 
drill 10·15 ft. per day lO 

175 205 HARD BASALT; Just hard enough to hold the casing back so that it had to 
be abandoned and 9 5/8" hole drilled 'l'lithout it. 30 

205 " 245 SOAPSTONE, sticky, bound the bit so that no progress could 'e made for fear 
of sticking, easy drilling JQ 

245 .. 233 l-IARD BASALT. lO ft. of rock held back the casing :o 
233 " 255 30APTONE; sticky, not 1eeo enough to interfere 10 
255 545 l-IARD 3ASALT; hardest layer we had; at first we could barely make ~ ft. per 

day. Lost tools as the sinker bar broke; did not get them 
out till the following year. Cost of well 56758.12 

Less Investm. 2245.00 
Cost of hole 4513. 92 (8.30 per ft.) 

(1902) 
545 to 575 ~RD BASALT, tools out, Jan. 10 drilling easy, 7 ft. per ddy; hole got 

crooked; much of day wasted; tool stuck several t~mes; had 
to fish for it; a few bits of wood came up. 

375 "590 HARD 3ASALT, very hard rock, could only do 4ft. per day 
590 " 685 HARD BASAL7, ~arch 4, had a fine run of 50 ft; 1 ost too 1 s, smashed everything 

At the time of the smash we haa the first of the very hard rock 
and could only do 2 ft. per day- expensive fishing job. 

685 " 710 HARD aASALT, Sept. ll, drilling again for ten days; could only ~ake 2 •t. 

7!0 .• 755 
755 ., 760 
760 .• 790 

oer day; then broke stem. ~cCarthy drilling, progress slow; 
rock hard; above 2 ft. per day. 

SOFT-POROUS, ROCK. Made above 45 ft. in 1 wk. but dangerous for caving. 
HARD ROCK, down to 2 • 1 foot per jay 
HARD ROCK, end of year, hardest rock now, 3 ft. per week 

(1903) 
790 365 HARD ROCK, Jan. 1. to depth of 865' the rock seemed harder :han ever; 

tools kept continously breaking and causing delay in dr11 1ing 
865 ·• 933 HARD ROCK, had a soft red streak (May 4); changed all at once for the 

next 4 weeks. We did 25, 14, 9 and 6 ft.; then the rock 
again got hard and we could only do 1 ft. per day 

933 ' g40 HARD ~OCK, June 15, 1903, rock hard - 1 ft. per day 
June 19, 1903 , ' ' " " 
July 31. 1903 lost the bit 3 times; it got stuck each :ime and 

much time spent fishinn, spudding and changing ~he shape of 
too 1 s. >~hat dri 11 i ng was done "as intermittent. 

940 " 186.5 ~o rock units given 

30 
15 

95 

25 
iS 
15 
31) 

75 

68 

~7 

copv C'ROM 7HE ~;L~3 OF A.A. DURAND !t SON 
: ::Jur3nd, l97'3' 
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W<>ll NnmP· L.O. I.D. (lpwi,ton 
Orchards lrrigati~n 

District) Well Hl 
I nr,tinn- DSN-RSW-S22 NW 11F 

NP7 rprrr> rnunt y. 1 d.,hn 

TMI fIl-l WELL LITHOLOr.Y (con't 

El~vations Given In fpet MSL 
• [lpnotPs Water Indication By Mu<i lnss 
SWI r<! : Static Walf'r level In fe<>t MSL 

u~te r.omrleter1· 2/1/78 
[lr i 11 Pr · E. E l uh<lor ff, 

Mn<;p<; Lake. Wash. 

ThicknPS' from To litho logy 
7o !553 H83 flasa n 

5 1~83 1~78 clay 
10 1178 1~68 basalt. 
5 1468 1463 c 1 ay 

fi5 1463 1398 ha sa 1 t 
5 1398 1393 c 1 ay 

115 1393 1278 basalt 
175 1278 1103 clay 
20 1103 1083 bas a 1t 
10 1083 1073 clay-basalt 
40 1073 1033 basalt 
15 1033 1018 clay 
65 1018 953 bao;al t-clay 
20 953 933 bas a 1 t 
15 933 ':lltl rhy 
IS 918 903 basalt 
20 903 1383 basa 1 t • 
70 8113 813 bas a 1t 
30 813 783 basalt • 
55 783 728 bas a 1t 
~5 728 683 basalt • 
50 683 633 basalt 
25 633 608 hasalt • 
15 608 5'11 hasalt 
~n 591 55.1 basa 1t • 
10 553 513 basalt 
10 511 173 bas a 1 t • 
80 173 393 t>asa 1 t 
~(I 393 353 ba,alt * 
50 351 303 haqlt 
30 303 273 basalt • 
95 273 17R has.lt • 
50 178 128 bas~lt • 
7~ 128 51 bo1Salt • 
?0 ~ 1 11 h"''l t 

·- i r,,:on P 



.:'=c:e.sc:Jcjc ·og ... , samo1es f-rQm :Jotlatcn .=ores-.::s, :nc. ':Jc-• .ve1:. 
3y ~.7. Stearns, Consu1:ing 3eo1ogist, ~ooe, :cane 

Novemoer :5, :952 

dr~ 1 1ed bv Paul Durand and Sons, ~a11a ~a1~a, Wasnington 
~rner Duniao, )r~ller 

Samoies .Jeoos~ted wi-::h ;~SGS, ;rouna-~.jater Jivis~on, :::1ano, ao~se. 

Samoies start at ~9 feet. 

(Adaendum by P.L.C. August, 1979: :urrently known as ~Fr we11 d., estimated 
~levation of wellhead is 741 feet aoove mean sea level., 

(feet) 
.:l9 

30 
25 
?0 

No samp·l es from 
ll7 
13.! & , ... --~/ 

143 
145 

, -. 
.:l~ 

~~ .... _ 

~0 samoles from -... to 176 j.) 

75 to 180 

:so to ~85 

Slescriot~on 

Hignly vesicular fine grained Columbia River ~asa1t 
Fine cuttings stuck together of various crystal grains. 

Could ~e from hard basalt, samole unwashed. 
Same as at 55' 
Same as at 55' 
Similar to 55' but wasned and wi:h many more clear auart: 

grains. 7hese could be coming ~own ;rom above, 
from interbedded sand, or from amygdaloidal :il1~ngs. 
Hole is suppcsea to be effectively cased below 
alluvium; hence quartz crains probablv are not :rom 
overburden. ~ • 

Similar to sample at 75' 
II II 

II It 

90 I -Ei 
Chios of fine arained hard ~asal:. Quar~: grains not present. 
Simiiar to 117; but quartz grains present again 

II '' 117' but wi:h few quart: arains 
~ixture of :nips of dense hard basalf and vesicular fraa­

ments. Evidently passing into a vesicular phase.~ 
Very fine cut~ings, probably indicating very nar~ dense 

basalt some clear crystals are probably fe!dsoar. 
Similar to 151' -Tested grains of white crystal and many 

are unquestionably ouar:z. 
l55 1 to 173t 
Sim41 ar to lSl' 

II 
II 151' But containing~~~ oieces of creamy second­

ary mineral from cavaties, orobably lime or one 07 
:he :eolites 

Simiiar to ~75-180' but containing fragments;;" to~~~ ac:"oss 
of highly vesicular basalt some containing whi:e 
zeolites (the source of some of :he clear white arains 
above). Also a few fragments of basait~c glass · 
altered to oalagonite along tne surface and high1y 
suggest~ve of a layer of oillow lava or a wet con­
tac: at time of lava extrusion. These .::agments 
indicate a good aauifer. 
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TABLE A-1 (Cont•d) 

(Log of P.F.I. well continued) 

185 to 190 

190 to 195 
195 to 200 
200 to 205 

210 to 215 
215 to 220 
220 to 225 
225 to 230 

230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 

290 
295 

300 

315 
320 

325 
330 

335 
340 
342 

Bottom of well, 

Chips of hard dense basalt mixed with chips of zeolites and 
palagonite. 

Similar to 185-190 1 
II II 185-190 1 

Similar to 185-190 1 except l-inch piece of palagonitized 
basalt. 

Same as 205-210 1 
Same as 205-210 1 
Same as 205-210 1 

Similar to above but very coarse chips, some vesicular 
and some with amygdaloidal fillings indicating 
softer lava. 

Similar to 225-230 1 but with fewer vesicular chips. 
II II 2301 

Chips of hard grey blue basalt. 
Similar to 240 1 

II 240 1 

II 240 1 
II 240 1 
II 240 1 
II 240 1 

II 240 1 

Brown and green silty clay. 
Pale green silty clay containing sufficient volcanic 

mineral grains to suggest an ashy sediment. 
Similar to 285 1 

Similar to 285 1 but contains some fragments of pale green 
hard shale. This would make an excellent confining 
member for an artesian structure. 

Similar to above but a l-inch fragment of a soapy green 
clay mineral outlining what appears to be relict 
vesicles. If so, this could be a leached and 
weathered surface of a lava flow. 

Similar to 310• but less weathered basalt. 
11 to 315 • but sti 11 1 ess weathered and with some 

hard fresh basalt chips. 
Similar to 320 • 

11 to 320 1 but fragments xx ~~~ across are numerous 
and some are vesicular. 

Chips of hard fresh gray basalt. 
Same as 335• 

11 as 335• 
October 27, 1952 
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TABU A-1 WUlllTIIOUlGV (con't.) 

fl~v~tlon~ Giv~n in reet MSL 
•Denotes Wat~r 

SWI t1 : Static W"ter level In Feet MSI. 

WP.II Naill!!: rrt (Potlatch rore~t.~ Inc.) 
Well 12 fast Levee 

l.ocation: T3f\N-R5W-S2R SW SE 

Oate Complete~: 7/8/55 
Orlller: A.A. Ourend ~ Son 

Walla Walla. Wash. 

Well Narne: PFI (Pothtch Fore~t.s Inc) 
Wei I *1 West tevee 

Oate C~npleterl: 7/27/57 
Driller: A.A. ~rrand ~ 

~on 

Walla Walla, Wa. 
Thlckne~s From To --hl!~o!!'.9.r_~ -mn--1~--- -- --~-- ---- -·-- -----

!h_i~~n_!!_S~-- _ __fr0f11 _ ___!_o ______ L itho_!~J9Y ____ . IT'--- 7~6 . 1~-- ar grave an 1011 er~ 

5 729 724 hard grey basalt 28 742 71<1 river channel alluviu,.. 
4 724 720 hard black ba~alt 21 714 693 n~dium roc~ and ~anrl 

10 720 690 hard grey basalt 3 69J 690 hard ba~alt 
19 690 611 medium grey basalt 16 fiQO 67-1 hard basalt • ~682ft: 

I 671 670 broken basalt and blue clay swl @ 725 
4 670 666 medium grey basalt 9 674 665 hard sand and rock lS 666 651 broken basalt and brown clay 9 665 656 hard basalt 

14 651 637 hard grey basalt 14 656 642 medium brown basalt 
22 637 615 medium grey basalt ·~wl @ 736 25 642 617 soft grey and brown basalt.-
45 615 570 hard grey basalt broken 
2 570 568 lllf'dium blue clay 33 617 584 medium grey ba~alt 
2 568 566 hard grey basalt 28 584 556 hard grev basalt 

23 566 543 soft blue clay 27 556 529 ~harp hilrrl grey ha~a 1t 
6 543 537 soft yellow clay 16 529 513 hard grey basalt 

11 537 526 medium grey basalt 47 513 466 soft green clav (caving) 
9 526 517 medium grey ~tidy clay 7 466 459 soft grey clay (caving) 
8 517 509 medium grey basalt 7 459 452 soft red clay (cavinq) 

39 509 470 hard grey b~s~lt 2 452 450 hard. grey basalt (cavinq) 
10 470 460 ~oft green ~wey clay (very sticky) ') 450 441 soft grey clay 
2 460 458 hard grey bas a 1t 11 441 430 hard qrey bas a 1t • @ 436 ft. 1 

14 458 4H soft grey clay swl @ 728 
28 -144 416 medium grey bas a 1t 1 430 429 soft grey clay 
18 416 398 hard grey basillt R4 429 345 hard grey basalt 
7 398 391 soft red c1 ay 6 345 339 soft yellow clay n 391 364 medium grey ba~alt *swl @ 73R 20 339 319 me<lium grey basalt 
5 364 359 me<lium hrown basalt 4 319 315 h~rd grey basalt 

?3 359 336 h~rd grey basalt •swl @ 719 9 315 306 soft blue clay (very sticky) 
2 3.16 334 soft red clay (very sticky) 6 306 300 soft red clay (very stic~y) 

'9 334 295 hard grey basalt . 7 300 293 hard grey basalt 
l 295 2R8 medium grey sand 4 793 289 medium blue clay (very ~tidy) 

13 21!8 255 hard grey ha<~lt 11 2!!9 27R blue shale 
5 255 250 mediu111 red clay 114 llR 144 merlium har<l to har<l QrPy basalt. 

13 ?50 237 llll'dlum bro•1n clay @ 19~ ft: ~wl Q 711 
30 217 207 hard. qrey basalt • swl @ 740 17 1411 IJ2 hard brown ba~alt 
lJ 7117 194 medium qrey ba~~lt • ~wl @ 741 IO 132 122 hard hla~k basalt with red rnr~ 

) Cf,i);i ft.. 
30 172 'J? merlium qrey ba~a 1 t. 

; ci)Sfj ft.. 
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Well Name: PrJ (Potlatch Fore~t.s Inc.) 
Well N~ 

loc~Lion: T16N-R5W-S32-"E SF 
Nez Perce C01mt y, Idaho 

T 1\BU A-1 Wf:U L ITIIOI.Ot;Y (con' t. ) 

flev~tion~ r.iven in fPet HSL 
*Denote•. Water 

SI-ll ft : St~tic Water level in Feet nSL 

--~- ---------- --- ------ --------- -------- ----- ---

Date Completed: 2/26/65 
Oriller: Charles Jungman, 

Walla Walla, Wa. 

Twin City foods (con't.) 

Thi dnes_s ____ !r~-- _ _To___ _ __ l_it_IJo_IJjy ___ _ Thickness . -. il"'' i mo_l_ogy ----From To rn --- ~o · -- --
12 
9 

29 
14 
35 
11 
14 
17 
8 

r-i53 ft. 

74o 728 
728 719 
719 690 
69D 676 
676 641 
641 630 
630 616 
616 599 
599 591 

cobble~ and boulders • 
cemented qravel 
sand, clay 
broken basalt 
grey bas a 1t 
black basalt 
grey hard ba~alt 
dark basalt, brown basalt • 
hard qrey basalt 

Well Name: Twin City roods 
(formerly Sno-Crop) 

l.ocation: T16-R6W-S36 NW SE 

Date Completed: April, 1951 
Oriller: A.A. Ourand lo Son 

Walla Walla, Wash. 
Nez Perce County, 1 daho 

Thickness . F_r_!llll _ _l'~--- __ !Hh!>J9L ___ 
8 732 724 sand, gravel and topsoil 

20 724 704 river gravel and boulders 
18 704 686 gravel with some sand 
51 6fl6 6;19 gravel and seams of broken basalt, 

*swl (a 716 ft. 
7 629 622 sandy clays and broken basalt 

33 622 589 yellow clay, boulders, sand, some qravel 
11 5119 578 dark, hard ba,alt 
2 'ill) 576 brokrn ba sa 1t 
8 576 568 dark medium basalt 
9 568 559 hard grey basalt 

I? 559 5.,7 dark basalt * (water level apparently 
fluctuates with river rise ) 

27 SH 520 l'dremely hnd qrey basalt. Ball tested 
drawdown to 582 ft. 

11 r;;>o Ml'l hnd black basalt with intermitt!'nt 
crevices 

lfi ~11'1 ~ll solid black basalt 

13 ~71 

59 460 
15 401 
55 386 

') Dl 

34 326 

6 292 
5 286 

22 281 
9 259 

44 250 
17 206 
75 189 
3 114 

l:~62f ft. 

460 

401 
386 
331 
326 

292 

286 
281 
259 
250 

206 
189 
114 
ll1 

brokl'n brown medium basalt 
*swl @ 7ll ft. 

hard black and grey ba,alt 
brnken brown basalt 
hard grey basalt *swl ~ lOR ft. 
bard grey bas a 1t, badly 

creviced 
medium blad and grey basalt 

•swl @ 707 ft. 
grey basalt, creviced 
grey basalt 
fractured basalt, caving 
dark grey basalt, bail tested 

@ 210 gpm 13 ft. drawdown 
for one hour 

vE"ry bard black and grev basalt 
broken rl'd basalt 
hard grey and black basalt 
broken black and grey basalt 
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TIIRI.E A-I Wflt l ITIIOLOiiY (con' t.) 

Elevations IHv~n In Feet 11Sl 
•Denote~ Water 

SWL ' : Static Water lev~1 In fpet 1!<;1 

Well Name: WWP '1 Date C~pleted: July, 1957 
Orlllf'r: A.A. Durand & Son 

Walta Walta. Wash. 
locatllln~ Tl1N-Il46E-S29 N[ Nf 

1\~oUn County, Wa~h. 

Thickness_ £!:..~- _. _T.£._ _____ hJ!!'p_l!J.9L _________________ . 

18 
70 
68 
96 

8 
~6 

lt19 
87 
46 
59 
l3 
73 
1 

50 

<10 
5 

72 

59 
:l!7f) rt. 

850 
832 
762 
684 
588 
580 
534 
385 
298 
252 
193 
180 
107 
106 

56 
16 
II 

-Iii 

832 top soil and gravel 
762 gravel and boulders 
684 hart! ~nd medium grey ba~alt 
588 hart!, dark, basalt 
580 sand • swl ~ 70A 
534 clay 
385 cl~y and shatterf'd basalt 
298 soft and medlunt, dark, ba~a 1 t 
252 soft .porous, ba~alt 
193 hard, dark, basalt 
180 soft basalt 
107 hard and medltnn, dark basalt 
106 soft (clay?) 
S6 medium and soft dark basalt: 

16 
11 

-61 

-170 

87 ft. msl: depth of 
original borehole, swl 
@ lOR 'l/17/S6 

medium and hard, dark, basalt 
soft (clay?) 
medium and hard, dark, basalt; 

-19ft. msl: depth of first 
deepening, swl ~ 717 
ll/26/56 

medium, dark, hasalt: -120 ft. msl 
final dPpth, ~wl @ 720 
1/14/57. 

w~TT~~~~-:-~ ~Wl3~~:~=~=~:=-..-:-nilico;;;~-"Ju~-1~-----
'-ocation: TI1N-R46F-S29 SW S~ Orillpr: Zinkqr~ff Orilllnq Co. 

1\'nti n r.ounl v, Wash. Spok~ne. Wa~h. 

Thl ckne~.~-
25 
53 
I~ 
lfi 

From To 
99if- · m 
974 916 
916 0112 
90? mu; 

. _!:_l,t_h~.!._~gy __ ,-,-- -·-. 
•nuu a no qravt>' 
broken basalt ((avinq) 
clay 
hro~en b~salt anrl day 

WWP *1 (r:on't.) 

1 hi ckness 

12 
. fr~ ___ rQ. ______ .!-_i~~p_l!l.9Y __ 

II 
25 

!Ofi 

9 
20 
26 

59 
25 
44 
23 
20 
11 
8 

21 
11 
35 

80 
24 

5 
33 
41 

31 
35 
7~ 

~1 

35 
23 
27 
30 
~5 

13 
; -I j(i"l ft.. 

B86 874 
874 863 
863 838 
R3R 7P.2 

782 741 
741 721 
721 695 

695 636 
636 6ll 
611 567 
567 544 
544 524 
524 513 
513 505 
!:i05 484 
4114 473 
473 438 

43R 35B 
358 334 
334 32'l 
329 296 
29(, 251 

253 222 
222 HJ7 
1R7 112 

112 6Q 

69 34 
J4 11 
ll -16 

-16 -46 
-46 -91 
-91 -104 

bas a 1t 
ba~a 1t and c 1 ay 
shale and ha~alt boulrlPr~ 
hard grey baqlt o:avinq 

from ahove 
green shale, cavin~ and sticky 
basalt and shale 
hard grey basa It; @ 701 ft: 

swl fol 724 
hard and soft basalt 
hard basalt 
soft bas a 1t 
hard has a 1t 
soft basalt 
hard ba~a 1t 
crevice (cavinq) 
soft bas a 1t -
hard basalt 
~oft Qrev basalt; @ 44n ft; 

swl fol f!";ll 
hard grey basalt 
soft broken basalt 
hard basalt 
soft black basalt 
hard qrev has a 1t; @ 27 4 r t.: 

swl @ 725 
soft black basalt 
hard brown cavinq basalt 
hard and soft layers of black 

bas a It 
red caving ba~alt, drill 

cuttings lost 
hard bas a 1t 
soft black and red ba,alt 
medium black basalt 
soft brown cavi~g basalt 
medium and ~oft has a It. 
hard ha,alt. 



....... 
w 
w 

Well Name: wwr 14 
location: TllH-R46f-S33 HW NE 

Asotin County, Wash. 

TABLE A-1 WELL LITI~LOGY (con't.) 

Elevations Given in Feet MSL 
*Denotes ~Ia ter 

SHL @ : Static Water level in Feet HSL 

Date l;ompleted: June, 1960 
Driller: Holman Drilling Co. 

Spokane, Wash. 

WWP I~ (con't.) 

Thickness From To litholo9y 
--26 -----876 ___ 850 -- gravel 

Thic_k_'!_e~ _ __!_r_om __ To _____ _!._g_h~l_!J_gy_ ____________ 

44 1137 1093 sand and gravel 84 850 766 broken basalt and gravel 9 1093 1084 sand, cIa~', an<l grave 1 
63 766 703 soft basalt (caving) 11 1084 1073 clay 
17 703 686 hard basalt 5 1073 1068 gravel 16 686 670 soft basalt * 22 1068 1046 broken basalt 
24 670 646 soft basalt 23 1046 1023 hard dark basalt 
50 646 596 hard basalt 24 1023 999 broken dark basalt 
50 596 546 soft basalt 12 999 987 dark basalt 
37 546 509 hard basalt 19 91)7 968 clay 
22 509 487 soft basalt 23 968 945 broken basalt 
31 487 456 shale and clay, caving 17 945 928 clay 
33 456 423 soft basalt 11 gz8 917 basalt and clay 
7l 423 346 hard basalt, caving from above 14 917 903 sticky blue clay (caving) 
31 346 315 soft basalt 13 903 890 medium hard dark basalt 
31 315 284 hard basalt 28 890 862 sticky clay (caving) 
10 284 274 sand 44 862 818 basalt and clay seams 
57 274 217 soft basalt 33 G18 685 medium hard basalt 
9G 217 ll9 hard basalt (caving) I 685 684 shale 
21 ll9 98 soft basalt 91 684 591 medium hard basalt 
8 98 90 hard basalt 26 593 567 hard basalt with clay streaks 
9 90 81 red basalt 28 567 539 medium hard basalt with clay 

12 31 69 brown basalt (sticky) streaks 
42 69 27 very soft brown basalt ** 42 539 497 broken basalt 
37 27 -10 soft brown and black basalt 128 497 369 hard dark basalt 
44 -10 -54 medium black basalt 13 369 356 . broken red brown basalt 
38 -54 -92 medium and hard basalt 8 356 348 medium hard broken basalt 
44 -92 -136 black and brown basalt 147 348 201 medium hard dark basalt 

r~!Oi2 ft. 12 201 189 hard dark basalt 
**hole caved in and filled to 32 189 157 medium hard dark basalt 

36 ft. msl 14 !57 143 medium soft brown basalt 
6 143 137 medium hard dark basalt 

17 137 120 medium soft dark basalt 
Well Name: wwr IS Date Completed: 1961 8 120 112 medium dark basalt 
location: TI1N-R46E-S30 SE SW Driller: Junoman Drilling Co. 32 112 80 medium brown basalt 

A~otin County, Wash. Walla Walla, Wash. 4 80 76 medium hard dark basalt 
24 76 52 medium hard dark basalt 
2 52 50 medium hard brown basalt 

T_h i_<;~_e~ _ __!:rQ!ll _ ____!!l__ _____ li tho 1 ogy 63 50 -13 medium hard dark basalt 
10 1147 1137 yellow clay 47 -13 -60 hard dark basalt 
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wwr 1 5 (con't.) 

Thickness - ___ l ____ _ 

6 
3 

-10 
15 
8 

17 
3 
5 
7 

15 
r~ 1330 ft. 

From To -=Gc-- -- -f'i - . 
-64 -/0 
-70 -73 
-73 -113 

-113 -128 
-128 -136 
-136 -153 
-153 -156 
-156 -161 
-161 -168 
-168 -183 

We 11 Name : wwr 16 
location: TION-R46E-56 SE NW 

Asotin County, Wash. 

Thickness From To 
-- --5----993 ---988--

5 988 983 
89 983 894 
H 894 880 
57 880 823 

5 823 818 
36 818 782 

9 782 773 
21 773 652 
10 652 642 
11 642 631 
11 631 620 
55 620 565 
23 565 542 
35 542 507 

2 507 505 
r,g ~05 44fi 

TABLE A-1 WELL LITIIOUIGY (con' t. ) 

E1evattons Gfven tn Feet MSL 
~tes Vater 

SWL f : Static Vater level in Feet M~l 

wwr' 6 (con't.) 

-~<Nl-~o~g!n-ttarr ilasalt __________ -- Thickness From To 

soft brownish dark basalt 
medium soft brownl~h dark basalt 
medium hard basalt 
hard dark basa 1 t 
medium h~rt! dark basalt 
hard dark basalt 
medium hard brown basalt 
medium soft brown basalt 
medium dark basalt 
hard dark basalt 

Date Completed: June, 1961 
Driller: Junoman Drflltnq Co. 

lithologr_ 
topsoil -
sand and gravel 
gravel -
cP.tll!!nted gravel 
gravel 

H~11a ~all~. Wash. 

--~6-- --446- ·----oo ---
31 
18 
17 
19 
14 
17 
10 
11 
10 
6 

42 
38 
36 
19 
20 
18 
6 

135 
17 
22 

T.=10G9 ft. 

430 
399 
381 
364 
345 
331 
314 
304 
293 
283 
277 
235 
197 
161 
142 
122 
104 
98 

-37 
-54 

399 
381 
364 
345 
331 
314 
304 
293 
283 
277 
235 
197 
161 
142 
132 
104 
98 

-37 
-54 
-76 

w.,11 Name: wur I 7 

litho~ 
----nard dark baSill----

brown and black basalt 
medium hard dark has a 1t 
hard basalt 
soft brGWn basalt 
medium hard dark basalt 
hard basalt 
brown basalt and clay 
medium and soft dark basalt 
hard black basalt 
hard black basalt with clay lensPs 
medium hard basalt 
medium hard brown and grey basalt 
hard dark basalt 
medium hard and soft dark basalt 
hard dark basalt 
medium dark basalt 
hard dark basalt (caving) 
medium hard basalt 
soft dark basalt 
dark hard basalt (cavlnq) 

cemented gravel 
hard dark basalt 
clay 

location: T11N-R46£-532 NW SW 
1\sotin County, Wash. 

Date Comrleted: 2/4/77 
Driller: Holl'lan Orillinq Co. 

SrokanP, WasiL 
medium and hard basalt 
hard basalt 
dark porous basalt 
medium and hard basalt 
hard basalt 
medium hard basalt 
medium hard brown and black basalt 
blue clay 
medium hard ba~alt 

Thickness From Tn __ 12 ___ 1180--~ 
72 1152 1080 

120 101!0 960 
41 960 919 
70 919 849 
2? 849 f.27 

lithology__ 
sand_v iopson·· 
soft brown basalt 
hard black bas~lt 
yellow clay 
medium brown basalt • 
medium blac~ basalt 
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WWP I 7 (con't.) 

TABLE A-1 WEll liTHOlOr.Y (con't.) 

Elevations r.iven in Feet MSL 
*Denotes !·later 

SWL ~ : Static Water level in Feet MSL 

T_~_i_c_knes_s__ Fr0111__ !_o __ ___!._!!!!_q_!Qgy ___________ _ 

107 1327 720 hard black bas~lt 
29 720 691 clay and brown basalt • 
31 691 660 brown <:lav 
54 660 606 medium black basalt 
19 606 587 black basalt and grey clay 

165 587 422 medium blac~ b~~~lt 
37 422 385 medium fractured hasalt * 
19 385 366 soft red basalt • 
53 366 313 medft111 black bas a 1 t 
12 313 301 soft red basalt * 
16 301 285 medium black basalt 
15 2135 270 soft red basalt • 
90 270 180 hard black basalt 
43 180 137 red soft basalt * 
74 137 63 black medium basalt 
24 63 39 medium red basalt * 
38 39 1 medium black basalt 
11 1 -10 soft red basalt * 
25 -10 -35 medium black basalt 
19 -35 -54 soft red basalt * 
90 -54 -144 medium black basalt 
7 -144 -151 medium red basalt * 
9 -151 -160 hard black basalt 

l:~J40 ft. 
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TARLE A-1 WfLL LITHOLOGY (con't.) 

Elevations Given In Feet t~L 
•Denotes WATER 

SWL ' : Static Water Level in Feet MSL 

-----~--- ----- --- -------- ~--- ------------
Well Name: l'ort of Whitman County i'2 
location: TIIN-R46£-~JO 

Whitman County, Wash. 

Oate COMPleted: 9/15/77 
Orlller: Adcock Air Ortlllng 

Lewiston, Idaho 

_Thic_!t_n~_s~ __ _l!:_~ __ _!!!_ ____ lltho~y _____________ _ 

25 760 
25 735 

brown silt 
large gravel 

17 710 
33 693 

715 
710 
693 
660 
610 
585 
490 
401 
377 
375 
345 
310 
238 
230 

cobblestone and large gravel 
brown basalt 

50 660 
25 610 
!JS 585 
89 490 
24 401 
2 377 

30 375 
35 345 
72 310 
8 ?38 

1:"510 ft. 

very porous rock 
red and brown rock 
grey basalt 
brown basalt 
grey basalt 
porous rock 
hard basalt 
porous rock 
red brown basalt 
hard qr~y basalt 

Well Name: rort of Whitman County I I 
location: Tl1N-R4fi-SI9 

Whitman County, Wash. 

_!!!_is!_nes_s __ _F!_om ___ }_o _____ Litho 1 ogy_ 

Oate Completed: 6/28/74 
Ori ller: A and W Ori 11 ing Co. 

lewis ton, Idaho 

78 760 682 river r.hanel ~ands and gravels 
320 682 362 bedrock 

8 367 .154 pea grave 1 
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OJ MENS IONS 

TABLE A-2 WEll OATA 

HYORUAlJCS COMHENTS ... , , -.. .;,r~''"' .. -c..,., ,,,,,,,. ""'"'"'" ••• Js Or i g. Rottom P~ perforatIons S. W .l. 
011- open hole (feet 

( given In feet msl ) msl) ----- r··--·--·- --z·-------~-- -- 4-
-----
City of 
Asotin II 1800 to 261 112" 800 to 383 

C lty of 1760 to 238 120" 760 to 725 
Asotin 12 16" 760 to 662 

12" 760 to 359 

City of 730 to 378 20" 730 to 641 
lewis. #I 16" 730 to 560 

12" 7JO to 44~ 

City of 730 to -5 24"' 730 to 642 
Lewis. *IA 20" 730 to 548 

16" 563 to 225 

City of 
lewis. #'l 735 t.o 460 (c11slng schedu 

City of I 837 to 237 126" 837 to 715 
lewis. #:1 16" 747 to 443 

City of 1743 to 385 116" 743 to 676 
Lewis. 14 12" 743 to 609 

City of 1855 to 255 ji6" 855 to 815 
l!•wls. 15 10" 550 to 525 

383 to 261 011 736 
12" dla. 

359 to 2313 OH 727 
12" dia. 

445 to 378 OH 705 
15" dla. 

540 to 227 p 688 
227 to -5 OH 

16" dia. 

e not available) 715 

443 to 237 OH 729 
15" dla. 

609 to 384 011 728 
12" dla. 

815 to 770 OH 727 
15'~"dla. 

770 to 550 011 
12" dla. 

525 to 255 
10" dia. OH 

I --

Specific Oate and rlla_t_a_S-ourc_e ___ _ 
Capacity length of 

(gpm/ft dd) te~l col foot 
and dlscho. no. note ---..-----. 5 ~--- - -- 6 

66.7 reb., 1961 
@ 800 gpm 4 hrs-

14.3 
@ 599 gpm 5/18/61 

4 hrs. 

2.9 2/2'l/52 
@ 480 gpm 6'> hrs. 

7.9 
@ 1677 gpm Jan., 1962 

24 hrs. 

3.7 
@ 720 gpm 

48 hrs. 

22.6 7/03/53 
@ 1200 gpm 8 hrs. 

32.8 11/28/51 
@ 295 gpm 

7.5 Ill 13/53 
@ 805 gpm 12 hrs. 

1-! 
f 

!-• 
e 

1-3 
4 .~ 
6 

1-f 

1-f 

1-5 
6 

1-3 
4 ,! 

1-f 

E 
A 

A 

Chlorinator tube In top of casing prevented 
steel tape measurements of depth-to-water in 
1978-79. Accuracy of airline unknown 

same as above 

8CF I First municipal W!'ll; abandoned due to "dog 
8 leg" at 200 ft depth breaking pump shaft. 
80 

E Completed to 225 ft. elev. May, 1960. Spec. 
Capac. ~ 5.4 gpm/ft dd at 617 gpm. Well 
deepened in Nov., 1961. 

F 1 Known as the "Pepsi Park" well. H~S odor and 
l00°f. water found during construction but 
disappeared after pumping. Stratigraphy 
limited to top of "Russell" 11quifer. 

EF I Known as the "Cemetery Well". Used as obs. 
8 well In Aquifer Test 14 

G 
F 

E 

Known as the "Old C.P.R.R. Well". Oeclln" in 
s_W.l. for period of record. Appe;o•·s to lay 
In separate aquifer above the "Russell" aqui­
fer and possibly Influenced by P.F.!. 12 and 
14 wells. 

Formerly owned by Roy Huffman, 2100 Country 
Club Or., Lewiston, !d. 
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DIHENSIOfiS 

fAitf A-f -wm.- DATA (Con'i. f 

IIVIJAAIJliCS 

!.k-11 Na~nel Surhce to (a~lng Scherlule Product.fon Zone~ OrhJ. ~peciffc Date and lllat11 Source 
~ttOM I'= perforation\ S.W.l. Capacity length of 

Ofl= OJif!fl ho14! (fl't!t (p/ft dd) test col. foot 

C!J4H£NTS 

·--. . __ 1" _ (_qt_vj!_n_ln-te!!t._~!j_ J IISI)~~!.ChJI..:... _______ _I.!!_O..:_!I!l!!! _______ 
6

___ _ ___ _ _ ______ _ ' ---1------r ---- --·--------- .. -- ------··- ···------·--· 
l.C.I. 1978 to -8 12" 978 to ?08 I not 

(li'WI s 
ll<~•·k ltw,lr 
r.om,<tny) 

19" 978 to 803 av111lable 
!!" 9711 to IJ03 ~ 

L.O.I.D.Illl553 to 33 
{lew. 'Jr. 

24" 1553 to 1520 1559 to 33 
16" 1553 to 550 

p 

h·r. ·Oht. 

l'.f .I. I? 
(FAST 
UV{E) 

".F.I *3 
(W[ST 

lEVH) 

8" 559 to 33 

746 to 194 I 24" 746 to 728 
20'' 746 to 708 
16" 746 to 20J 

234 to 203 P 
203 to 194 OH 

19" dta. 

7-17 to 'J2 I 28" 742 to 718 1666 to 540 OH 
20" 742 to 666 20"dfa. 

429 to 92 OH 
15" 

P.r .I. 111 74-1 to ~91,12" 744 to 691 1674 to 591 Ofl 
10" 794 to 674 10" 

fWIH CITY I 732 to 102,24" 732 to 674 15RO to 102 OH 
rooos 20" 732 to 580 10" 1 

wwr Nl 

wwr W? 

850 to-1201 24" 850 to 768 
20" 850 to 755 
16" 850 to 369 
12" 390 to 301 
10" J27 to 75R 

7<1J to 1 12" 7QJ to 674 

299 to 292 P 
290 to 265 P 
258 to-120 OH 

10" dla. 

unknown 

730 47.4 June 1955 1 1-5 
(.June 450 gptW 12 hrs. 6 

B 
H 

1955) 

730 3.8 
550 gpm 

Feb. 1978 
2.5 hrs. 

1-5 
6 

E 
IK 

not 
available 

1-3 
6 

B 
J 

7321 75.6 
208 gpm 

692 I 8o.o 
240 gpm 

101 I 8.0 
1700 gpm 

711 <'2.6 
2980 grom 

73.11 17.5 
jll/16/55 (1)1350 gpm 

6/04/5S I 1-6 BJ 
10 min w/ 
baller 

3/02/65 
8 hrs 

2/21/52 
3 hn 

1-5 [J 

1-3 
4,5 

F 
B 

6/01/61 ~1-3.6 B 
64 days 4,5 H 

6/01/61 I 1.2,4.6 B 
65 days 5 H 

rrobably ff-rst deep well In lewiston B.1sln 
Orf lied to procure a free flowing well. In­
vestigated for water supply for WWP Co. bv 
A.A. Durand A Son, Hay-June 1955. Used in 
Aquifer Tests 11-4. Presently paved over, 
fi lied with rock and u~ed for gas line 
anode we 11 by wwr Co. 

low spec. cap. due to Installation of perf. 
casing before removal of drilling ~1d. Bore 
hole has geophysical log. 

Industrial well. Original 19" open hole 
caved. Repaired by Jungman Drilling Co. with 
ext. grave 1 packed lfi" casIng, June-1\ug. I Ofi~ 

Industrial well. 

Stratigraphically ahove "Russell" aquifer 
water levels Indicate aquifer conne(tion to 
PFI #l and City of Lewiston 14 wells. 

Previous name: "Sno-Crop #l :· Known lntPr­
connectlon with WWP #1 and ;)2 and City of 
Lewiston #I wells. Pumped 2000 gpm from 
July 1 to August 15 annually. 

Deepened twice for incrPt~SP of YiPid Pt~P 
bowls ~et at 471 ft.msl. 

Formerly known as "Swallows Nest Wildcat Oil 
Well". Specific capacity test showed no 
further drawdown after 5500 ~ln. Small bore­
hole dia. prevents larger pump bowl emplace­
~ent. rump bowls set at 554 ft. msl. 

----------------- ·------ --------
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DIH£NSIONS HYORAUll CS 

Hell Na~Tc;~rfa~-e-;~- ~~s;~-g-~c-;;-~u;~~du-ctton ZoneT-Orig. Spectftc 
Bottom P;perforations S.W.l. Capacity 

~~; open hole (feet (gpn/ft dd) 
(given In feet msl) •sl) and dtschg. 

-~~=~-=--r- ___ 3·-==-_ _L ______ s 
WWI' I 3 

WWI' I 4 

WWP I 5 

riWI' I 6 

WWI' 17 

999 to -1041 24' 999 to 9741 440 to -104 OH I 724 
20" 1199 to 440 1 dla _ 

876 to -136124" 870 to 7341 425 to 16 0111121 
20" 876 to 463 1 dla. 
12" 475 to 425 

1147 to -1831 30" 1147 to 107 
24 • 1147 to 80 
20" 1147 to 40 
16" 420 to 6 

993 to -76 I 30" 993 to 818 
24 • 993 to 752 
20" 993 to 393 
w· 403 to 91 

287 to 257 P I 707 
217 to 77 P 
60 to -183 OH 

15" dat. 

245 to 230 P I 732 
208 to 178 r 

91 to -76 Oil 
15" dta. 

1180 to -t6(j 20'' 1180 to 10801 527 to -160 Oil I 730 
16" 1180 to 527 15"dla. 

Port of I 760 to 354 
14hltman I 

10" 760 to 676 I 676 to 500 0111 7 
10" dla. 

(fil Wlln1a) 

Port of I 760 to 230 
Whitman I 
!fil Wilma) 

500 to 354 Ott 
8" dla. 

14" 760 to 6851 345 to 230 OH I 735 
12" 685 to 480 8"dla. 
8" 480 to 345 

33.9 
ll 4200 gpm 

10.3 
1!1 1600 gpm 

13.8 
p 2200 gpm 

14.8 
ll2450 gpm 

38.8 

500 gpn 

400.0 
lll320 9Jllll 

Cotf-IENTS 

length of 
test ol. foot-

10. note 

Date ~ndJ -~--;:- Sourc;-

---- -- ________ :=_§_-==~-====~~-==--
6/1~/61 ll-6 
51 days 

8/02/61 ll-6 
8 days 

6/21/61 ll-5 
72 days 

6/13/61 ll-5 
62 days 

II 

H 

H 

H 

1/20/78 l-3,5 E 

June 197411-5 

Sept. 197l 1-5 
24 hrs. 

J 

E 

Principal well of WWP Co. water utility In 
Clarkston, Wash. Airline bro•en since 1974. 
Pun~ bowls set at 498ft. msl. 

Borehole cared and filled to 36 ft. msl. 
Pump bowls aet at 531 ft. msl. 

Aquifer Test 15 Indicated hydrogeologic 
boundary separating this well from Clarkston 
and lewiston wells wtthln "Russell" aquifer. 
Pump bowls set a~ 499ft. msl. 

Response of water levels similar to WWP 15 
during Aquifer Test 15. Pump bowls set at 
494 ft. msl. 

llydrograph record of Aug_ -Sept. 1971l shows n 
connection to H\IIPI5. Geophysical log exists. 

Water levels monitored In 1979 showed 
response to river levels near confluence. 

Response san~e as Port of H'll tman 11 with 
respect to river stage at confluence. 



TABLE A-2 

WELL DATA SOURCES 

A. From well logs in City Hall file as of December 1978. City of 
Asotin, Asotin County, Washington. 

B. Paul A. Durand Files, 1978 Whitman College Archives, Walla Walla, 
Washington. 

C. City of Lewiston, 1946, City Engineers' Annual Report, Lewiston, 
Idaho, p. 24. 

D. , 1948, City Engineers' Annual Report, Lewiston, Idaho, 
p. 38. 

E. Driller's well log from respective state agency. 

F. City of Lewiston, 1959, Department of Engineering: Graphic Well 
Logs, File No. F-63 of March 20, Lewiston, Idaho. 

G. Castelin, Paul, 1978, Department of Water Resources, Boise, Idaho, 
(personal letter of December 15). 

H. Washington Water Power, 1978, Engineering Department: File 
No. PC-83-A and PC-83-B, Drilling Logs and Pump Data for Clarkston 
Wells No. l-7, Spokane, Washington. 

I. Ralston, D. R., 1978, Department of Geology, University of Idaho, 
Moscow, Idaho, {personal communication of August 8). 

J. Kalz, E. M., 1979, Potlatch Corporation, Lewiston, Idaho {letter 
of January 31). 

K. Geophysical log obtained from Department of Geological Engineering, 
Albrook Hydraulic Laboratory, Washington State University, Pullman, 
Washington. 

L. Clegg, Robert, 1979, Manager-Port of Whitman, Colfax, Washington, 
{well log information via telephone call of July 13). 
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TABLE B-l 

1-'UNIC!PAL wt:LL STAT!!.. \'lATER Lt:VELS UF LEWISTGt;, 
IDAHO AND CLARKSTGN, wASHINGTON, 1961 - 1 S78 

DATE: GIVEN AS YEAR-MONTH-DAY 

DEPTH: WATER LEVEL OEPTH IFEETl 

ELEv.: WATER LEVEL ELEVATION (FEET MSLI 

CITY OF LEWISTON NO. 1 CITY OF U:WISTCN NO.1 CITY OF LEWISTON NO. 1A 

DATE 

64-12-03 
65-·H-04 
1-'i-.)2-0L 
"'5-·J3 -o 2 
6 5-.)4-•)5 
f, 5-•)5-04 
o5-•J6-02 
65-·)8-0L 
65-)9-01 
65-10-04 
6 5-ll-11 
<';'5-12-03 
66-01-0t 
~6-02-01 
6f>-()3.0.01 
66-.J4-04 
66-·H-05 
66-11-01 
66-12-0 l 
67-01-03 
6 7-·)2-0 l 
,<-7-03-01 
6 7-•)4-03 
67-05-0t 
67-06-01 
6 7-:>7-05 
67-)8-31 
H-11-·)1 
67-12-01 
70-() 1-1) 2 
70-·.12-02 
70-·JJ-()3 
70-04-•).1 
7')-')5-08 
70-•)6-()3 
70-)7-0 1 
70-)8-01 
7')-08- 31 
70-10-0 5 
70-ll-04 
70-12-01 
71-·H-04 
71- )2-02 
71-•B -1) 1 
7l- )4-•)9 
71-·)5-1)1 
7l-·J6-01 
71-')9-01 
71-1J-04 
71-11-22 

DEPTH 

43.6 
43.6 
34.9 
27.0 
25.0 
23.0 
41.0 
'55. 0 
47.J 
51. •) 
49.0 
45.6 
44.6 
44.0 
32.5 
29.0 
72.0 
54.0 
46.6 
34.J 
30.3 
29.0 
211.8 
28.5 
29.0 
66.0 
76.5 
16.0 
32.0 
31.5 
29.5 
30.0 
30. c 
30.0 
36.0 
49.) 
49.0 
53.0 
4l.J 
36.0 
31.0 
31.:) 
23.0 
27.) 
25.0 
27.) 
27.J 
53.0 
37 .I) 
33.0 

E LEV. 

6dl.4 
o8o.4 
695.1 
703.0 
705.0 
7J7.0 
o89.0 
bl5.0 
683.0 
o79.o 
6dl.O 
o84.4 
od5.4 
666.0 
697.5 
701.0 
658.0 
676.0 
6o3.4 
<:>96.0 
699.7 
7o 1.0 
701.2 
701 .5 
701.0 
664.0 
653.5 
694.0 
o9a.o 
698.5 
700.5 
700.0 
700 .o 
700.0 
694.0 
681.0 
o8l.O 
677.0 
o89.0 
1.>94.0 
o99.J 
699.0 
702.0 
703.0 
705.0 
703.0 
7:)3 .o 
iJ77.0 
693.0 
o97.0 

DATE 

71-12-02 
72-·J 1-03 
72-0l-31 
72-03-03 
72-04-07 
72-05-09 
72-09-15 
72-10-02 
72-12-04 

DEPTH 

31.0 
32.0 
29.0 
30.0 
26.0 
28.0 
47.0 
43.0 
32. 0 

ELEV. 

o99.o 
698.0 
701.0 
700.0 
704.0 
702.0 
683.0 
687.0 
698.0 

CITY OF LEWISTON NO. LA 

DATE 

66-01-01 
66-02-01 
66- )3-0 1 
66-0<t-04 
66-05-04 
66-•)5-31 
66-08-01 
66-09-02 
66-10-04 
66-17-01 
66-12-01 
67-01-03 
67-02-01 
6 7-03-0 1 
67-04-03 
67-05-01 
67-06-01 
6 7-09-•11 
67-10-01 
67-11-01 
67-12-'H 
69-0l-02 
69-JZ-03 
69-03-03 
69-04-02 
69-·J5-04 
69-06-02 
69-08-03 
69-10-01 
69-11-·) 1 
69-12-03 
76-01-12 
76-02-09 
76-03-11 

DEPTH 

44.6 
44.0 
32. 5 
29.0 
39.0 
40.0 
71.5 
61.5 
62.0 
54.0 
46.6 
35.5 
30.3 
29. 5 
28.8 
29.5 
29.0 
58.5 
18 •. ') 
36.0 
31. 5 
27.0 
29.0 
26.1) 
3'5.J 
25.J 
26.5 
59.0 
41.0 
56.5 
33.;) 
5.0 
4.0 
3.0 

142 

ELEV. 

o85.4 
686.0 
697.5 
701.0 
o91.o 
690.0 
o58.5 
6o8.5 
o68.0 
0 76 .o 
683.4 
694.5 
o'1<J.7 
71)0.5 
701.2 
7il0.5 
701.0 
671.5 
712.0 
o94.0 
696.5 
703.0 
7ul.o 
704.0 
695.0 
705.0 
703.5 
671.0 
689.0 
673.5 
o97.0 
725.0 
726.0 
727 .o 

DATE 

7o-04-05 
76-05-0'5 
76-06-08 
76-)9-14 
76-ll-03 
76-12-01 
77-01-·)3 
77-·12-0 1 
77-03-01 
77-04-04 
77-15-03 
77-06-01 
77-09-02 
77-10-03 
77-11-03 
77-12-05 
78-01-10 
78-02-22 
7 8-03-07 
78-04-05 
78-05-23 
78-·)9-06 
78-10-01 

DEPTH 

1. 8 
7.0 

12.0 
21.0 
11.0 
13.0 
5.0 
5.4 
5.5 
4.5 

10.0 
11.5 
21.5 
12.0 
9.0 
7.0 
5.0 
2.5 
2.5 
2.0 
2.0 

11. a 
12.) 

ELEV. 

72 8.2 
723.0 
71 d. 0 
709 .J 
719.0 
717 .o 
725.0 
724.6 
724.5 
725.5 
720.0 
71 d. 5 
708.5 
718.0 
721.0 
723.0 
725 .o 
727.5 
72 7.5 
728.0 
728.0 
713 .o 
716 .o 

CITY OF LEWISTCN NO. 2 

DATE 

64-11-04 
64-12-·)3 
65-0l-04 
65-02-01 
65-03-02 
65-04-05 
fl5-05-04 
65-06-02 
65-19-1)1 
6 5-10-04 
6 5-11-01 
6 5-12-03 
66-0l-01 
66-02-01 
66-03-01 
66- ]4-•)4 
66-05-04 
66-05-31 
66-07-05 
66-10-04 

DEPTH 

20.4 
20.0 
1~.4 

18.2 
15.6 
15.0 
14.0 
18. •:> 
27.0 
22.0 
21.0 
19.8 
19.0 
19.0 
18. 0 
17. 5 
19.0 
19.0 
16.0 
24.0 

ELEV. 

714.6 
715 .o 
716.6 
7lo .8· 
719.4 
720.0 
721.0 
717 .o 
708.0 
713.0 
714.0 
715.2 
716.0 
716 .o 
717 .o 
717.5 
716.0 
716;.0 
719.0 
711.0 



TABLE 8-1 !CON'T.J 

Cl TY Gf LEWlSTOt. NG. 2 LITV OF- LE~lSTCN NC. 2 Cl TY UF LEwISTON NU. 3 

JATE DEPTH E LE 1/. DATE DEPTH ELEI/. DATE DEPTH ELEV. 

'·"-11-·) 1 21.6 713.4 7 7-·)9-0 2 16.0 719 .o 7 0-0.2-02 136. 0 699.0 

oo-12-•H 21 • () 714 .u 77-10-03 14. 0 721.0 7')- )3-1) 3 136. J 701.0 

67-·)1-03 H.O 71o.o 77-11-·)3 14. 0 721.0 10- )4-0 1 135.0 702.0 

•>7-J?-1)1 12.3 722.7 77-12-05 13.5 7 Zl. 5 7 0- ·)5-0 8 1 3'h 5 702.5 

67-·B-01 23.0 712.0 1g-o1-10 12.0 1;:3.0 70-·J6-01 175. 0 662.0 

t 7- )4-1)3 16.5 718.5 7'3-02-22 12. 0 723.0 70-J7-0 1 156.0 681 .o 

,., 7-oJ5 -o 1 ll. 5 723.5 78-03-07 12.0 723.0 70-18-1) 1 165. 0 672.0 

b7-J7-05 2J.2 71'+.8 7~-04-05 12.5 722.5 70-08-31 181.) 656.0 

t 7-10-01 34.0 701.0 78-05-23 12. 0 723.0 70-10-05 15 0. 0 o7'J.O 

o 7-11-0 l 20.5 714.5 B-08-16 17.) 71&.0 71)-ll-04 146.0 691.0 
o7-l2-01 19.') 716.0 73-09-06 15.0 720.0 70-12-01 139.0 o98.0 

f. 9-01-02 16.0 719.0 7f3-10-0 1 14.0 721.0 71-01-04 13 7. 0 700.0 

69-JZ-03 15.0 720.0 71-03-01 135.J 7C2.0 
1>1-)3-03 1 ~- 0 719.0 71-•)4-09 134.0 103.0 

6'1-·.)4--JZ 15. u 720.0 CITY OF LEWISTON NO. 3 71-05-01 145.0 692.0 
69-')5-·)4 13.0 122 .o 71-06-01 14<). 0 697.0 
t9-')6-')2 1b.O 719 .o DATE DEPTH ELEV. 71-07-02 141.0 69b.O 

1>9-l')-0 1 21.0 714.0 71-08-03 196.0 641.0 
69-11-:) l 22.0 713 .o 64-ll-04 144.0 693.0 71-•)9-0 1 172.0 t.os.o 

69-12-·)3 19.5 715.5 64-12-03 144.0 o93.0 H-10-04 147.0 o90.0 
7·)-·)[-•)2 19.5 715.5 65-01-04 140.0 697.0 71-11-22 139. c 6':18.J 

1 'l-·12-02 17.0 71ti.O 65-02-01 139.0 698.0 71-12-02 141.0 t>96.0 

70-·H-03 17.5 717.5 65-03-02 132. 0 105.0 12-01-o3 139. 0 6'fa.o 

70-04-01 1-i.O 117.0 65-04-05 130.2 706.8 7 2-·)1-31 143.0 694.0 
7•)-;)o;-•}8 1 a. ·1 717.0 65-,)5-04 138.4 698.6 72-03-03 143.0 694.0 

70-o~-H 25.0 710 .o 6'5-12-03 142. J 695.0 72-)4-07 136.0 701.0 

70-10-05 21.0 714.0 66-01-·)1 139.0 698.0 72-05-09 140.0 697.0 

70-ll-04 19.5 715.5 66-02-01 138.0 699.0 12-1 o-n 161.0 676.0 

70-12-01 1~.0 717.0 66-03-0.1 135 .J 702.0 72-12-04 138.0 699.0 

71-)l-o4 19.0 716.0 66-04-04 129.0 708.0 
71- )2-02 16.0 719.0 66-')5-04 150.0 667.0 
71-·>3-01 lb.O 719.0 66-05-31 164. 5 o72.5 CITY Of LEwiSTON NO. 4 
71-•)4-·)q 15.5 719.5 66-07-05 160.0 677.0 
11-•)5-0l 16.0 719.0 66-08-01 155.5 681.5 DATE DEPTH ELEV. 
71-10-04 zo. ·J 715.0 66-09-02 158.0 679.0 
11-11-27 19.0 716. J 66-10-04 156.0 681.0 64-11-04 50.5 6C,2.5 
71-12-1)2 1a.0 117.0 66-11-01 150.0 6&7.0 64-12-03 49.9 693.1 
7 7.- ') 1-1)3 19.0 716.0 66-12-01 1lt3.0 o94.0 h 5-11-·J t c;q.J 685.0 
72-01-31 18.0 111.0 67-0l-03 137.0 100.0 66-09-02 67.5 o75.5 
77.-03-·)3 17.0 718.0 67-02-•1 1 142.0 695.0 66-10-04 69.0 1.>74.0 
72-)4-07 15.J 720.0 67-03-01 133.5 703.5 66-ll-01 6>3.0 675.0 
72-•)5-09 16.0 719.0 67-04-03 133.0 704.0 67-1)5-01 69.0 b 74 .o 
7Z-J9-l5 23.0 112 .o 67-05-01 134.0 703 .o 67-12-01 76. 3 666.7 
7"-H-12 13.0 722.J fo7-06-01 150.0 687.0 67-12-05 75.5 667.5 
76-·JZ-09 12.5 122.5 6 7-07-05 169.J 66d.O 60-10-01 %.0 o57.o 
76-·>3-11 12. 5 722.5 6 7-08-31 132.0 65s.o· 69-l1-·J1 8~. 0 657.0 
7!>-)4-05 12.0 723.:) t 7-•)9-0 1 185.0 652.0 70-B-03 d5. 5 o57.5 
76-05-0'5 14.0 1'i. 1 • I) 67-10-·Jl 153.0 t>84.0 70-04-Jl 86.0 657.0 
76-)6-08 15.0 720.0 67-11-01 1 1+3. 0 o94.0 70-05-08 86.0 t>57.0 
76-·)7-07 1R.O 117.0 67-12-01 139.0 698.0 70-07-01 37.0 o5o.u 
76-·)8-01 19. ·:) 1lo .o 6()-01-02 133.0 704.0 70-JS-01 86.0 o5 7 .o 
7~-·N-14 17 • .) 716. J 69-·)2-03 135.0 702 .o 70-12-01 90.0 o5J.O 
76-10-06 15.5 719.5 69-·J3-0 ~ 133.0 704.0 71-04-09 37.0 656.0 
76-11-)3 14.0 721.0 6 9-14-02 110.0 127.0 71-)6-•)1 10 .o 653.0 
7fo,-12-·.) 1 13.5 721.5 69-J<;-04 139.1) 698.0 11-•)9-01 93.0 t>50.0 
77-01-•H 13.0 722.0 69-·16-02 143.0 6o9.o 71-10-04 n.o 651.0 
77-•);-•l1 13.5 74:1.5 69-07-01 158.0 679.0 71-11-22 92. J 651.0 
77-H-'H 13.0 122.0 69-10-01 1<;7.0 680.0 71-12-02 92 •. ) o51.0 
17-'>4-•)4 13.0 722 .o t,9-ll-Ol 155.5 6S 1. 5 72-J4-07 94.0 64'J.O 
77-·)5-)3 1 o;. J 120 .o 61-12-03 145.0 o92 .o 72-•)5-09 65.0 t>78.0 
77-Jc-ol 14.5 120.5 70-JL-o; 143.5 693.5 72-10-•12 95.0 643.0 
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TABLE B-1 ICON 'T. l 

CITY GF LEtdSTON NO. 4 CITY CF Li:wl STON NO. 5 WwP NG. 1 

Dt.TE DCPTH ELEI/. OATE DEPTH ELEV. UATE DCPTH ELEV. 

76-·JL-12 l J2. 0 641.0 77-01-03 127.0 72!!.0 62-10-25 153.1) c97.0 
76-·12-09 110.0 t>33.0 77-•)2-1) 1 127.5 727.5 62-ll-0 1 172.0 67o.o 
76-•J4-05 111.0 o32.J 77-03-01 127.0 728.0 6 2-ll-04 157. 0 o93.0 
76-05-05 101.0 642.0 77-04-04 127.7 727.3 62-11-)!3 155. 0 695.0 
76-12-.Jl 116.0 o27.0 77-05-03 127. •) 72 8 .u 62-11.-23 15 6. ') 694.0 
7 7-·)l-•)3 115. 0 62 8. 0 77-06-01 127.0 728.0 62-12-09 162.0 688.0 
77-02-01 115.•) o28.0 77-•)9-02 128.0 72 7. 0 62-12-23 148. 0 702.0 
7 7-1)3-0 1 114.0 o29.0 77-10-03 128.0 72 7. 0 63-01-06 148.0 702.0 
7 7- )5 -I) 3 117.0 626.0 77-ll-03 127.0 728 .o 63-01-22 148. c 702.0 
77-1)9-02 122.0 621.0 77-12-05 128.0 727.0 63-1)2-03 153.0 6C,7.0 
77-10-03 169. r) 574.0 78-01-10 142.0 7U.O 63-·JZ-28 150. 0 700.0 
77-11-03 122.0 o2l.O 78-02-22 138.0 717 .o 63-)3-10 150.0 700.0 
77-12-•)c; 122.0 621 .u 78-·)4-05 135.5 719.5 63-1)3-24 153.0 697.0 
78- H-10 122. 0 621.0 .79-05-23 136.0 719 .o 63-04-21 169. 0 661.0 
7~-·JZ-22 121.0 o22.0 63-04-27 1 71. 0 679.0 
78-·H.<-16 129. 5 613.5 63-06-05 16 7. 0 683.0 
H- )9-06 172.0 571.0 lo.WP NO. 1 63-06-09 160.() 690.0 
78-10-01 132. 0 611.0 63-06-13 174 • .) 676.1) 

DATE DEPTH ELEV. 63-J9-22 l85.C 665.0 
63-09-26 190.0 660 .o 

CITY Of LEWiSTON NO. 5 61- 1)2-01 125.0 725.0 63-10-03 198.0 652.0 
61-•)2-08 125.0 725.0 63-10-06 192.0 658.0 

DATE DEPTH ELEV. 61-')3-02 143. 0 707.0 63-10-20 185.0 665.J 
61-03-08 143.0 707.0 63-11-0 3 164. 0 686.0 

64-12-0 3 1511.0 697.0 61-·J3-10 142.0 708.0 63-11-17 156.0 <>94.0 
65-03-02 147.::> 708 .o 61-05-21 108.0 742.0 63-12-01 155.0 695.0 
65-')4-05 145.0 710.0 61-06-02 180.0 670.0 63-12-15 157.0 693.0 
65-·05-04 153.0 702.0 61-07-29 208.0 ()42.0 63-12-22 160.0 !>90.0 
66-10-04 165.0 690.0 61-10-12 174.0 a76.0 63-12-29 155.0 695.0 
66-11-01 163.0 692.0 61-10-16 174.0 676.0 64-01-05 157.0 o93.0 
66-12-01 155.0 700.0 61-10-19 172. 0 678.0 64-·)1-19 152. c o98.0 
70-1)1-02 154.0 701.0 61-10-26 171.0 679.0 64-02-02 150. 0 700 .o 
1 o-o2 -o 2 152.0 703.0 61-11-0 5 172. 0 678.0 64-02-11 150. 0 700.0 
70-03-03 152.0 703.0 61-11-19 171. 0 679.0 64-03-01 150. 0 700.0 
70-•)4-0 1 153.0 702.0 61-12-03 169.0 681.0 64-.)3-15 150.0 700.0 
70-0"i-08 151.0 702.0 61-12-17 146.0 704.0 64-03-29 1 81 • 0 oc9.0 
70-07-·')l 164.0 691 .o 61-12-31 146. 0 704.0 64-04-12 174.0 676.0 
7·)-10-05 167.0 688.0 62-01-14 144.0 706.0 (.;4-04-26 181.0 (,69.0 
70-11-04 158.0 697.0 62-•H-28 144.0 706.0 64-05-03 162. 0 6&8.0 
70-12-01 153.0 702.0 62-02-11 144.0 706.0 64-.)6-07 164.0 686.0 
71-01-04 151.0 704.0 62-02-25 146. 0 704.0 64-0'l-06 178.0 672 .o 
71-02-02 151.0 7J<t.O 62-03-11 149.0 701.0 64-•)9-13 1 85.0 oo5.0 
71-03-01 147.0 708.0 62-03-25 153.0 697.0 64-09-20 169.0 681.0 
71-)4-0'l 148.0 107.0 62-04-0R 14 7. 0 703 .o 64-10-04 16-+.J 6oc..o 
71-05-')1 153.0 702.0 62-05-06 155.0 6'15.u 64-10-16 169.0 6o1.u 
71-06-·Jl 152.0 703.0 ·62-J5-10 155.0 695 .o 64-10-28 160.0 690.0 
71-1 0-<)4 158.0 697.0 62-05-13 150.0 700.0 64-11-16 167.0 6d3.0 
71-11-22 152. 0 703.0 62-<15-20 175.0 675.0 64-ll-27 171.0 679.0 
71-12-•)2 153.0 702.0 62-05-24 151. 0 699.0 64-12-16 167.0 o8.3.0 
72-08-01 197.0 658.0 62-05-27 148.C 702.0 64-12-31 155.') 695.0 
72-·19-15 168.0 687.0 62-·)9-09 204.0 o46.0 65-01-12 150.0 700.0 
7 2- 10-02 169.0 o86.0 62-·)9-13 17R.O 672.0 65-·)1-27 157.0 69 3 .o 
72-12-04 153.0 702.0 62-·19-16 1 78. 0 672.0 65-JZ-11 155.0 6'15.i.J 
76-01-12 127.0 728.0 62-09-2 0 187.0 663.0 65-02-18 160.0 690.0 
76-·)2-04 126.0 729.0 62-09-23 192.0 <>58.0 65-02-24 14o. c 704.0 
71J-03-11 127.·) 728.0 62-09-27 195.0 655.0 65-03-09 144.0 706.0 
76-v<+-05 126.0 729.0 62-09-30 176.0 674.0 65-03-23 144.0 10tJ.O 
76-05-05 133.0 722.0 62-10-04 171.0 o7'1.o 65-1)4-12 144. 0 706.0 
76-06-08 1 H. 0 72<t.O 62-10-11 157.) 693.0 65- )4-27 148. 0 70 2. J 
76-10-06 127.0 721J.O 62-10-14 155.0 o95 .o 65-05-03 150.0 700.0 
76-11-03 127.0 728.0 62-10-18 155.0 o95.o 65-1)5-21 164. 0 68a.u 
76-12-01 127. J 72o.o 62-10-21 153.0 69 7 .u 65-·17-22 176. 0 614.0 
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TASLE B-1 ICGN'T.l 

"'"'p NO. 2 iOWP 'lO • 2 wWP NO. 2 

DATE DEPTH ELE V. )ATE ')EPTH ELEV. DATE DEPTH EL EV. 

63-•>3-24 71.0 716. J 66-12-09 '38.0 70 5. •J 72-ll-02 d3. ,) 710 .o 
r.3-•l4-•17 79. ;) 714.0 bb-12-21 77. J 716.0 72-11-10 fl7.() 70c.u 
IJ3-•J4-21 d7.0 roo .o 67-01-(')3 77.0 710. () 7 2- 11-1 'i a7.J 706. J 
63-·)6-•)6 1 1'3.0 690.0 67-01-24 74. 0 719 .o 72-ll-28 33. c 710.1) 
b3-·)6-09 'lq.o 705.0 6 7-02-07 74.0 719.0 72-12-14 83. (') 71 J. 0 
t:\-•1'1-19 93.0 700.0 67-J2-27 77 .o 716.0 72-12-22 R3. 0 710.0 
'· 3- 1 1 -o 3 36.0 707 .·J 67-03-0A 74. 0 719.0 72-12-29 83.0 710.0 
'>3-ll-17 81.0 71Z.J 67-03-21 81.0 712 .o 73-01-05 80.0 713.0 
1:>3-12-01 ~1.') 712.0 67-11-09 7'1. 0 714.0 73-·JL-15 713.0 715 .o 
f, 3- 12-15 79 .o 714.0 6·7-ll-30 77.0 71o.O 1'3-·11- 2 3 82. 1 711 • 0 
h)-12-2'1 71.0 7lo .0 6 7-12-20 78. 0 715.0 7 3-•)L -30 82. ') 711. J 
1'>4-•H-05 77.0 716. J 67-12-2'1 74. 0 719 .o 73-02-12 79.0 !1 5 • •) 
f-4-Jl-1'1 74. J 11'1.0 68-01-02 74. J 719.0 13- )2-2 /) 82.0 711.0 
64-)2-1)2 17 .o 716.0 68-01-16 74.0 719.0 13-03-01 31.0 1li .J 
64-02-16 71.·) 716.0 68-01-26 74.0 719.0 73-03-08 81.0 71Z.O 
u4- )3-·11 17 .o 7lo.O 68-02-13 74.0 719.0 73-03-13 83. 0 71J.O 
64-03-15 77.0 1lb. 0 68-02-26 74.0 719.0 73-·)3-21 ~z. o 111.0 
64-•J3-Z9 11.0 7lc .o 6d-03-09 17.0 716.0 73-<)3-2 <; f!4. a 70'1.0 
o4-14-26 38. c 705.0 68-03-22 ]q • . ) 714.0 13-10-31 aa.o 705.0 
64-06-•H 95. •J 6<; tl.l) 68-10-30 81.0 712.0 7 3-11-1 3 il4. 0 709.0 
64-06-1 g 84.0 709.0 6 9-11-07 81.0 712.0 73-11-26 84.0 10'1.0 
64-·16-21 7~ •. ) 714 .o 68-11-19 71.0 71 (>. 0 13-12-07 84.0 709.0 
64-•H-19 97.J o96.v 68-12-0<J 74.0 719.0 73-12-13 fl3. 0 71 o.o 
64-oJB-02 111.0 682.0 68-12-20 77 .o 716.0 13-12-20 S3. •) 1lv.o 
64-10-16 88.0 705.0 69-01-02 17 .o 716.0 73-12-2 6 33 .I) 710.0 
64-10-211 86.0 707.0 69-01-15 74.0 719.0 74-·Jl-04 t33.0 710.1) 
61o-ll-16 34.0 709 ~0 69-01-2 9 74. 0 719.0 74-01-11 94.0 7JS.O 
':>4-ll-30 81.0 112 .o 69-02-11 74.0 719.0 14-01-22 77.0 71t.. 0 
64-12-16 81.0 71.2.0 69-02-24 72. c 7 21 .o 74-01-28 11. 0 716 .o 
64-12-31 79.0 71'>.0 69-03-11 74.0 719.0 74-02-04 S2 .0 711.0 
65-0:H-12 77.0 1lo.o 69-03-26 72.0 721.0 74-02-12 Bl). 0 713 .o 
65-01-27 81.0 nz.o 69-•14-03 77.0 716.0 74-02-20 ~).0 713 .o 
b'>-02-11 77.0 11 b. 0 69-04-14 12 .o 721.0 74-02-28 BO. •J 713.0 
65-·Jl-1 it 79.0 714.0 69-04-29 74.0 719.0 74-03-04 76. 0 117 .o 
65-02-24 72.0 721.0 69-10-27 96.0 707.0 74-·)3-14 90.0 713 .o 
65-·)3-·)9 72.J 721.0 69-11-04 86.0 707.0 74-03-20 s1. a 71.:.0 
65-·B-23 72. c 721.0 69-11-18 79.0 714.0 74-03-28 ~2. •) 711.0 
65-04-12 7•). ') 7Z3 .o 69-12-01 17 .o 716.0 74-')4-04 a2.o 711.0 
65-•)4-2 7 70.0 723.0 69-12-12 79,0 714.0 74-04-11 76.0 71 7. ·J 
65-·)5-•)2 74.0 719.0 69-12-26 86.0 705.0 74-11-12 83.0 71 J. J 
"5-·)8-22 102. c b1l .o 70-01-04 at.o 712 .o 74-ll-21 91.0 7G4. G 
65-·)8-26 95.0 69tl.O 70- )1-23 79.0 71't. 0 74-11-27 89.0 7J4.0 
65- )8-2 9 93.0 700.0 7a-·J2-04 71.0 116.0 74-12-04 B6. 0 7i)7.J 
65-,)q-15 <iR.O b95.J 70-0Z-17 77.0 71<>.0 74-12-1 1 a~. c 7J7.0 
65-10-22 ~~.a 705 .o 70-02-27 17. ') 71t..O 74-12-1'1 '!4 • r) 709.0 
65-11-J2 aa.o 705.0 70-03-12 79.0 714.0 74-12-24 32. 0 711. c 
<>S-11-ZZ 84.0 709.1) 7')-03-26 74. () 719.0 74-12-31 85.0 7:)6.0 
~S-12-06 17.0 7lo.O 70-1)4-03 77.0 716 .o 75-,Jl-09 84.0 709.0 
65-12-17 77.J 1lo. 0 72-02-07 76.0 117 .J 75--Jl-15 84.0 709.0 
oS-12-30 79.) 714.u 72-rJ2-1 7 78. 0 71:i.O 75-01-24 s3. a 710.0 
6o-•Jl-•17 81.0 71.2. 0 72-02-24 78.0 715.0 75-01-30 83.0 7lu.o 
66-)l-2t. 74.0 71'1.0 72-03-03 19.0 714.0 75-oJZ-Ot. lB. 0 710.0 
etJ-,)2-07 71.0 716.0 72-)3-10 78.0 715 .o 75-02-14 83.') 71 J. 0 
H- )2-23 77.0 716.0 72-·B-17 7R.oJ 115 .o 75-02-19 83.0 71C.O 
f..~-H-11 79.0 714.0 72-03-24 71.0 716 .o 75-02-26 so.o 713.0 
oo-06-0'i 84.J 709.0 72-,)3-31 11.0 716 .o 7'i-·J2-27 79. •) 714. J 
~6-·16-12 116." 6 77 .iJ 7 2-•J4-11 76. 0 717.0 75-•)2-28 78.0 715.0 
t>t-lJ-16 o6.c 707.0 72-04-20 76.0 717.·J 75-•13-1)3 74 •. ) 7l <; .o 
66-10-24 db. 0 707.0 72-·)4-26 77.0 716.0 7 5-·13-04 7Q .I) 714.0 
,6-11-)8 81.J 71<:.1) 72-05-13 AO .0 713.0 75-03-06 71.0 71 C>. 0 
66-ll-17 91. •0 71..!.0 72-10-20 8~. 0 706.0 75-03-07 77 •. ) 716.0 
6~-u-zq 61. c 11.:. 0 72-10-27 85.0 7Jd.O 15-03-10 13.0 720 .o 
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TABLE B-1 IcON IT.) 

~wP 'lO. 1 I.WP NO. 1 WWP NO. 1 

:JA TE DEPTH E LEV. DATE DEPTH EL EV. iJ ATF. DEPTH ELEV. 

c5-·)o-26 178.0 6 72 .o 76- )1-14 134. ') 716.0 78-•12-15 143.6 706.4 
h5-·)8-29 178.0 672.0 76-01-21 134.0 716.0 73-·JZ-22 139.0 111. a 
I, 5-·)9-0 5 173.0 617 .o 76-01-28 139.0 711.0 78-·)3-01 139.0 711.0 
o5-0'1-15 171. 0 679.0 76-02-11 141.0 709.0 78-03-08 136. 7 713.3 
65-·)9-24 1 78. 0 672.0 76-02-19 141. 0 709.0 78-03-15 141.3 7'.)3.7 
65-10-06 1 7l. 0 o79.0 76-'B-0 4 141.0 709.0 78-03-22 143.6 706.4 
6 c;- 10-22 167.') 6d3.0 76-•)3-11 139.0 711.0 7!!-•B-29 143.6 706.4 
65-il-03 160.0 690.0 76-03-17 139.0 711.0 78-04-05 134. J 71t>. 0 
I: 5-11-2 2 15 o. 0 700.0 76-03-24 141.0 709.0 78-04-12 139. 0 7ll. 0 
65-12-0h 143.0 702.0 76-03-31 139.0 711 .o 78-04-19 139. i) 711.0 
65-12-17 155. I) o9 5 .o 76-04-07 141.0 709.0 78-·)4-26 139.0 711.0 
1::5-12-30 155.0 695.0 76-04-18 139.0 711.0 78-05-03 137.4 714.6 
'>6-01-07 162.0 688.0 76-04-2 5 139.0 711.0 78-05-11 139. 0 711.0 
66-1)1-26 146.0 704.0 76-05-01 146.0 704.0 78-1)5-21 139. 0 711 .o 
66-JZ-1)7 155.0 695.0 76-05-29 144.0 706.0 78-1)5-28 139.0 711.0 
66-02-23 144.0 706.0 76-06-15 157.0 &93.0 
66-·J3-11 155.0 695.0 76-18-09 162.0 688.0 
66-03-30 144. 0 706.0 76-08-15 162.0 688.0 lOoP NO. 2 
66-)4-08 162. 0 688.0 76-10-10 153.0 697.0 
66-)4-19 1 5·). c 7oo.o 76-10-20 153.0 697 .o DATE DEPTH ELEV. 
66-·)4-3) 167.0 6d3.0 76-10-28 146.0 704.0 
&6- JS- Jil 169.0 t>d1.0 76-ll-04 150. 0 700.0 61-·19-21 95.3 o'H .7 6t--·)5-l5 153.0 697.0 76-11-17 144. 0 706.0 61-10-09 Sd.3 704.7 66-·)6-05 155.0 695.0 76-ll-24 153.0 697.0 61-10-12 86. c 707.0 66-)6-t 2 167.0 bd3.0 76-12-01 141.0 709.0 61-10-16 86.0 707.0 66-07-13 164.0 6d6.0 76-12-09 139.0 711.0 61-10-18 86.0 107.0 66-07-10 181.0 669.0 76-12-16 144.0 706.0 61-10-22 88.0 705 .o 75-·13-04 137.0 713. I) 76-12-29 146.0 704.0 61-10-26 aa.o 705.0 75-·)3-07 142.0 708.0 77-·H..:c5- 144~o---7o6;o 61-ll-05 87.0 706. \) 75-03-14 143.0 707.0 17-01-13 141. a 709.0 61-11-19 83. 0 710.0 75-)3-21 140. 0 710.0 77-01-19 148.0 102.0 61-12-03 84.0 709.0 75-·J3-24 133.0--, 717.0 77-01-26 144.0 706.0 61-12-17 71.0 722.0 75-)4-aS 136. 0 714. a 77-02-02 146.0 704.0 61-12-31 70.0 723 .o 75-J4-·18 131. ,) 719 .o 11-02-oq 139.1) 711.0 1'>2-01-14 70. 0_ 723.0 75-04-11 140. () 710.0 77-02-16 139.0 711.() 62-01-28 70.0 723.0 75-)4-14 140. 0 110 .o 77-02-23 1 3<). c 711.0 62-02-ll 70.0 723 .o 75-)4-18 142.0 708.0 77-03-02 139.0 711.0 62-·02-25 72. 0 72l.J 75-04-21 136. 0 714 .o 17-03-10 144. 0 706.0 62-03-11 74.0 719 .o 75-·)4-25 136. ) 714.0 77-a3-16 139. 0 711.0 62-03-25 74. a 719.0 75-04-28 137.0 713 .o 77-03-30 148.0 702..0 62-04-08 74.0 719 .o 75-·15-02 144.0 706.0 77-04-06 141. 0 709.0 62-05-24 77.0 716 .o 75-·)5-07 142.0 70d.O 77-a9-04 155.0 695.0 62-05-27 93. J 700.0 75-05-iO 143.0 707.0 77-09-10 167.0 t.83.0 62-09-13 103.0 690.0 75-•)5-l 3 140.C 71U .0 71-09-19 157.0 693.() 

62-09-16 104.0 689.0 75-)5-16 139.0 711.0 77-10-03 139.0 711.0 62-09-30 93.0 700.0 75- )5-t 9 155.0 695.0 77- t0-10 139. 0 711.0 62-10-04 as.o 705.0 75-·)5-24 153.0 t.97.o 77-10-17 139.0 711.0 62- tO-ll 81.0 712.0 75-•)5-21 16d.O 662.0 77-10-2 5 143.6 70o.4 62-10-14 81.0 712 .o 75-·)8-31 162. 0 u3d.O 77-10-31 139.0 711.0 62-10-18 78.0 715 .o 75-10-04 16 2. ,) 6t!8.0 77-ll-07 13<J.O 711.0 62-10-21 78.0 715.0 75-10-14 150. c no.o 77-ll-14 146. 0 704.0 62-10-25 17.0 716.0 75-10-21 155.:) 695.0 77-ll-29 141.3 708.7 62-11-1)2 86.0 707.0 75-10-28 154. c 696.0 77-12-07 139.0 711. () 62-ll-04 84.0 709.1) 7 5-ll-•)6 144. Q 706.0 77-12-15 139.0 711.0 62-11-08 d1.0 712.0 75- t 1-1 z 146.0 704.0 77-12-21 139. Q 711.0 6 2-11-22 81.0 712 .t) 75-11-19 157,1) 693.0 77-12-28 148.3 701.7 62-12-09 81.0 71 ... 0 75-11-26 146. i] 704.0 78-0l-04 141.3 708.7 62-12-23 77.0 716.0 75-12-)5 144.) 706.0 78-Jl-11 141.3 70d. 7 6 3-i) l-t) 6 77 .o 716.0 75- 12-11 144.0 706.0 7'1-Jl-18 134.4 715.6 63-01-21 74. c 7l'J.O 75-12-17 144. a 706.0 78-·11-23 134.4 715 .o 63-•12-03 74. ·) 719 .o 75-12-31 142.) 708.0 78-02-01 136. 7 713.3 n3-·J2-2B 74.0 719.0 7t,-Jl-08 134 •. ) 71&. 0 78-0Z-08 139.1) 711.0 63-1)3-l 0 78.0 715 .o 
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TABLE B-1 (CON'T.l 

.. ~p ~c • 2 WWP NO. 2 IIWP NO. 3 

DATE DC: PTH ELEV. ')ATE JEPTH ELEV. :>ATE DEPTH i:LEV. 

7'5-·)3-11 71. () 7l6 .o 77-iB-10 o8.J 7 2 5. 0 62-'12-14 2 3o. o 713.0 
75-03-12 1h.C 717 .o 77-03-16 68.0 7 2 s. 0 f:2-•J2-25 23'1,0 7l J. 0 
75-·13-13 75,.) 71:3.0 77-03-30 70.0 72J.O 62-03-11 2'11 .o 706.0 
75-•B-14 ,.., • a 717 .o 77-09-2 5 97.) 69t...O 62-03-26 289.0 71 J. 0 
7'5-)3-1 7 72.J 721.0 77-10-0 3 71.0 722. J 62-)4-08 29•). J 70'1.0 
7'5-03-21 74. c 71~.J 77-10-10 71. J 722.0 62-05-03 307.0 692 .G 
75-•>3-?4 71.0 722.0 77-10-17 71.0 122..0 62-05-10 Z96.o 703.0 
75-·J3-2 8 75. J 7l8 .o 77-10-25 75.J 718.0 62-05-1? 291.) 706.0 
75-·)3-31 76.0 717 .o 77-10-31 &~.0 725.0 62-•)5-20 300.0 699.0 
7'5-·)4 -1)4 74.0 719.0 77-11-07 73.0 72 'J. 0 62-')5-24 2 91). 0 709.0 
7<;-04-:}7 69.0 724.0 77-11-14 72.0 7 21 .o b2.-05-27 287.0 7U.O 
7':>-•)4-11 73.0 72.J.O 77-11-29 72. 0 721.0 62.-•)6-•B 3 ')9. J (.)'i 0 .o 
7'i-)4-14 76. a 717.0 77-12-07 71.0 722.0 f:.2-0n-:J7 314. ·) od5.0 
7 ~-')4-18 73.0 720. J 77-12-15 6'1.0 724.0 62-07-04 332.0 o67.a 
7 5-•)4-19 73.0 720.0 77-12-21 70.0 723 .o 62-08-05 335. Q ct.4,0 
1-;-04-20 73. 0 720.0 77-12-2A 73.0 720.0 62-08-26 344.0 o55.0 
75-04-21 72.0 7 21.0 78-01-04 70.0 723.0 62-08-30 339.0 bb o.o 
75-04-25 73.0 720.0 78-01-11 70.0 723.0 62-09-30 312 • o) 687.0 
75-·)4-213 72.0 721.0 78-01-18 64.0 729.0 62-10-11 300.0 699.0 
7'5-10-14 36. c 70 7. 0 73-01-21 66.0 727 .o 62-10-14 300. •J b~9.0 
1'5- 10-21 78.0 715.0 78-·)1-2 3 67.C 726.0 62-10-18 297. ·) 702.0 
75-10-28 76.0 717 .o 78-02-01 67.0 726.0 62-10-21 291.0 702.0 
75-ll-06 71.0 122.. 0 78-02-08 70.0 723.0 62-10-25 296.0 703 .o 
75-ll-12 73.0 720.0 78-02-15 68.0 725.0 6 2-11-·)4 30J.O 699.0 
75-11-19 ao. 0 7lJ .o 78-JZ-22 68.C 72':>.0 62-11-08 293.0 706.0 
75-11-26 73. J 720 .o 78-03-01 68.') 725.0 62-11-22 296.0 703.0 
75-12-05 72 .o 7 2.1. 0 18-·03-0P 67.0 726.0 62-12-2 3 289.0 710 .o 
75-12-11 70.0 723 .o 78-03-15 67.0 72o. 0 63-01-22 289.J 710 .o 
75-12-17 71.0 722.0 78-03-22 69.0 724 .o 63-02-28 290.) 709.() 
75-12-22 6':1.0 72':J.O 78-03-29 69.1) 724.0 63-03-10 2~9. 0 710 .o 
75-12-30 7').0 12:,.o 78-1)4-05 65.0 728.0 63-')4-07 300.0 699.0 
76-H-08 70.0 723.0 78-04-12 67.0 726.0 63- )5-J5 309.0 690.0 
76-0l-14 6a.c 725.0 78-04-19 66.0 7 2 7. 0 63-05-30 339.0 o6o.o 
7.,-J1-21 &a.c 725.0 78-')4-26 66.0 727.0 63-06-02 321.0 67o.O 
76-01-28 b8.0 725.0 63-06-06 3!l9.0 o9o.o 
76-1)2-04 7('). i) 723 .o 63-c)6-09 300.0 t-'19.0 
76-.JZ-11 71.0 722 .o wtoP NO. 3 63-06-22 328. 0 o71.0 
76-)2-18 70.0 723.0 

DATE 63-06-30 330.0 b6'1.u 
76-·)3-•)4 67.0 726.0 DEPTH ELEV. 63-07-11 335.0 o64.0 
76-·H-11 6o.o 725.0 63-.JS-11 353.') o4o.o 
76-J3-17 ti7.J 72o. 0 61-01-04 288.0 711.0 63-•)8-2':> 342.0 t>57.0 
76- H-24 67.0 726.0 61-Jl-11 289.0 710.0 63-09-15 330.0 669.0 
76-•)3-31 66.0 727.0 61-01-18 289.0 71G. 0 6 3-11-17 295.0 704.0 
76-04-16 67.0 72 6.0 61-01-25 2'38.0 711.0 63-12-01 293.J 70o.o 
7~-1·J-28 78. c 715 .o 61-02-17 288.0 711.0 63-12-22 277.0 72 2. 0 
7b-ll-04 7-+. 0 719.0 61-02-20 289.0 7l0. 0 63-12-29 2'H .o 1oa.o 
76-11-17 71.0 122 .a 61-03-01 289.0 7lJ.O ~4-01-')5 2 73. •J 721: .• 0 
76-11-24 17 .o 71 (J .o f) 1-•)6-03 313.0 C-86.0 64-01-19 2a8.o 711.0 
76-12-01 71.0 722.0 61-0P-2 5 350.0 o49.0 64-02-02 291.0 70u.O u.- 12-oc; n9.0 724. J 61-08-31 332.0 667.0 64-•)2-16 291. ') 7oa.o 
76-12-17 75.0 718 .o 61-•)9-05 312.J 667.0 64-03-01 326.0 o73.0 
76-12-29 70.:) 723.0 61-)9-)7 323.0 o76.u 64-')3-15 32o.O o73.0 
77-01-05 71.0 72.2 .o 61-09-21 318. 0 681.0 64-)3-2<; 385. J 614.0 
77-)1-13 69.0 724.0 61-·J9-2a 31'1.0 6dl..u 64-·)5-24 352.0 0'+ 7 • 0 
77-•H-19 71.0 722 .o 61-10-02 316.0 663.0 &4- 1)6-•)4 367.0 632.0 
77-'H-26 6~.0 724.0 61-10-') 5 316. ') 683.0 64-06-·H 339.0 660.0 
77- )2-02 6::}.0 724.0 61-10-09 312.0 o87.0 64-06-l 0 340,() b59.0 
77-•17-0Cf 68.') 12 5 .J 61-12-17 2 89.0 710.0 64- ')6-21 335.0 664.0 
17-02-16 65.0 725.0 61-12-31 2 99. c 710.J 6 4-')7-1) 5 369.0 630.0 
77-07-23 68.0 72 5 .J 62-01-14 2911.0 711.0 64- H-19 360.0 t>39.0 
77- )3-02 6'l.0 724.0 f-2-o1-28 2'36.1) 713.0 f:4-03-1)2 3 79. 0 62.;.0 

62-JZ-11 2'36.) 713.0 64-0B-06 397.0 o02.0 
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TABLE B-1 ICON 1 T.I 

,;{I? ~jQ. 3 wlo!P NO. 3 n~P NO. 4 

JATE DEPTH EL~V. DATE DEPTH ELEV. DATE DEPTH ELEV. 

u.- ·1B-l6 4·14.•) 595.0 73-08-19 434.0 5o5.0 62=-11-22 173.0 703.0 
A4-J9-20 36'5.0 634.0 73-08-26 437.0 ~62.0 n2-12-09 1 130.0 t.96.0 
h4-10-04 365.0 634.0 73-09-23 393.0 606.0 6 2-12-2 3 168.0 708.0 
n 5-07-2 5 388.0 611.0 63-01-06 168.0 708.0 
65-·)8-15 390.0 609.0 6 3-•) 1-21 173.0 703.0 
n?- Jl:l-22 381 .I) o18.0 .. wP NO • 4 63-•)2-•)3 168.0 708.0 
'>8-'15-05 369 .a 630.0 63-02-28 168.0 708.0 
69-·)5-26 355.0 644.0 DATE DEPTH ELEV. 63-03-10 173.0 703.0 
71-il-2:? 294.0 705.0 63-03-24 1 13.0 703.0 
72-')1-05 301.0 698.0 61-·H-0 2 218.0 658.0 63-04-07 178.0 698.0 
72-01-06 294.0 705.0 61-JA-21 22R.O 648.0 63-04-21 187.0 689.0 
72-·)1-'17 297.0 702..0 61-)8-25 226.0 o50.0 63-05-05 182.0 694.0 
72-Jl-13 292.0 707.0 61-)8-30 221.0 655.0 6 3-·)5-15 203.0 673.0 
72-H-1'1 290.0 709.0 61-·)9-05 191.0 o85.o 63-06-02 198. 0 678.0 
7 2-) 1- 31 30).0 699.0 61-'19-21 194.0 61:!2.0 63-06-06 184.0 o92 .o 
7 2- )2-07 289.0 710.0 61-09-26 196. 0 680.0 63-·06-09 177.0 699.0 
72-)2-16 293.0 706.0 61- 1)9-28 194.J o82.0 63-0o-l '3 189.0 687.0 
72-02-24 29).0 709.0 61-10-02 201.0 675.0 63-06-23 201.0 6 75.0 
72- J3-1 0 2 98. 0 701.0 61-10-09 1 '34. 0 692 .o 63-06-27 210.0 666.0 
72-04-12 294.0 705.0 61-10-12 114.0 6ti2.0 63-')6-30 203.0 o73.0 
72-·)4-26 296.0 703.0 61-10-16 194.0 662.0 6 3- H-11 205.0 6 71 .o 
72-J5-06 303.0 696.0 61-10-19 191.0 685.0 63-08-15 228.0 C.48.0 
72-05-13 2'12.0 7l 7. 0 61-10-22 191.0 ob5.0 63-•)8-18 231.0 645.0 
72-05-21 296.0 703.0 61-10-26 190. 0 b86.0 63-08-22 2 31. 0 645.0 
72-·)5-2 7 306.0 6~3.0 61-11-1)5 191.0 o65.0 63-08-25 212. 0 6o4.0 
7 2-06-0 3 323.0 676.0 61-11-19 1!l'l.J 687.0 63-09-01 221.0 655.0 
72-)6-11 305.0 6':!4.0 61-12-03 189.0 o87.o 63-·)9-05 228.0 648.0 
7 2-·)6-1 B 323.0 0 71.l) 61-12-16 161:!.0 708.0 63-09-15 203.0 673.0 
72-06-24 312.0 o87.0 61-12-31 166 0 J 710.0 63-09-19 194.0 682.0 
72-·)6-25 3 07. 0 692.0 62-·)1-14 166 0 0 710.0 63-09-22 2 01. c 6 75.0 
72-07-09 330.0 669.0 62- H-28 164. 0 71Z.O 63-10-20 203.0 673.0 
72-JA-20 330.0 069.0 62-•)2-11 164.0 712.0 63-ll-03 1 82. 0 b94.0 
72-·09-03 344.0 655.0 62-02-2 5 167.0 709.0 63-11-17 1 73. 0 703.0 
72- )9-10 32q.o 671.0 62-03-11 168.0 708.0 63-12-01 173.0 703.0 
72-J9-1o 312. 0 ot37.0 62-·)3-2 5 167.0 709.0 6 3-12-15 1 75. 0 701.0 
72-10-06 307.0 692.0 62-•)4-08 166.0 710 .o 63-12-22 179.0 697.0 
72-10-20 296.0 703.0 62-04-19 198.0 678.0 64-01-05 1 75. 0 701.0 
7 2- 11-0 2 296.0 703.0 62-05-03 183.0 o'13.0 64-·0 1-19 171.0 705.0 
72-11-26 296.0 703.0 62-05-06 l 73.0 703.0 64-02-02 l 71.0 705.0 
7 3-02-20 29'1.0 701.0 62-05-10 173.0 703.0 64-02-16 171.0 705.0 
73-)4-15 3 )9. 0 690.0 62-05-13 167.0 709.0 64-03-01 168.0 708.0 
73-)4-22 309.0 690.0 62-05-17 187.0 689.0 64-03-15 168.0 708.0 
73-·)5-06 314.0 6c5.0 62-05-24 1 7l. 0 705.0 64-·)3-2 9 189.0 687.0 
73-05-26 307.0 6'12. 0 62-r)5-2 7 163.0 713.0 6 4- )4-12 1d9.0 6137.0 73-06-03 384. J c15.0 62-05-31 194.0 682.0 64-·)4-2 5 189 • .) 6& 7 .o 73-•)6-1 3 425.0 574 .J 62-06-03 185. 0 c9l.O 64-'15-03 1 80. 0 t..96.0 73-06-14 423.0 57t>.O 62-·)6-07 1 76. J 700.0 1': 4-•)5-1 I) 205.0 671.0 73-·)6-15 420.0 579.0 62-06-10 188.0 688.0 64-:)5-24 290.0 586.0 73-<16-16 419.0 560.0 62-06-14 203.0 o73.0 64-06-04 20tl.O o6&.o n- J6-17 411.0 58d.O 62-:Jl-19 227.0 649.0 64-06-07 180.0 696.0 73-·)6-18 413.0 58o.J 62-·H-22 225.0 651 .o 64-·)6-14 189.0 687.0 73-'lh-1 'l 415.0 5 ti4. 0 62-08-·15 2oa.o 6C,8.0 64-06-1 a 1 78. 0 698.0 73-'16-2 0 416.0 583.0 62-J8-13 219.0 65 7. 0 64-06-21 177. 0 699.0 73-1c-24 430.0 569.0 62-10-10 1 89.0 61:J7 .o 64-08-02 198.0 c7o.u 73- )6-25 425. J 574.0 62-10-11 175.0 701.0 64-'18-23 226.0 650.0 71-·)6 -2 6 425.0 574.0 62-10-14 173.0 703.0 64-08-27 219.0 657.0 73-07-n 1 448.0 5 51.0 62-10-18 1 72. 0 704.0 64-08-30 2 01. 0 675.0 7 3-·H-OA 441.0 55ci.O 62-10-21 171. 0 705.0 64-09-06 194.0 682.0 7 3-•17-07 -+35.') 56't.O 62-10-25 1 7l. 0 705.0 64-09-13 201.0 1>75.0 73-07-23 435.0 564.0 62-ll-02 191.0 685.0 64-09-2 0 187.0 6ti9.() 7 3-07-29 4qo.o 519.0 62-11-04 171. c 699.0 64-·)9-2 7 1913.0 67a.o 73-·JS-12 441. i) 556.0 62-ll-08 1 71. 0 705.0 64-10-·)4 166. 0 710.0 

148 



TABLE B-1 ICGN'T.l 

...... p ·m. 4 wWP ~10. 4 WwP NO. 4 

')ATE DEPTH ELEV. DATE DEPTH ELEV. DATE DEPTH ELEV. 

"4- 1 ·)-16 1'37.0 6b9.0 66-12-27 168.0 708.0 6'l-·)6-29 177.0 699.0 
..,4-10-25 177.0 o99.0 67-01-03 168.0 706.0 69-•)9-2 1 182. c v'14.0 
I; 4- 11-16 1 ao. o 696.0 6 7-0 1-2 1~ 166. a 710.0 69-09-28 1 76. 1 700.J 
64-11-27 190.0 uJ6.0 6 7-•12 -117 166. 0 710 .o 69-10-08 175.0 70 1. 0 
64-12-16 1 85. 0 6 y 1. 0 67-02-27 166. 0 71 o. 0 o'l-10-21 1 73. 0 703.0 
64-12-31 i 74. 0 702.0 67-03-07 164. J 712.0 69- tl-04 1 75. IJ 701.0 
65-01-12 1 71. c 705.0 67-03-21 1 73. 0 703.0 69-ll-18 171. 0 705.0 
(.5-·11-27 1 a.J. o o'16.J 67-04-17 164.0 712 .o 69-12-01 161.0 715.0 
f 5- )2 -11 175.0 101.0 f-.7-04-26 161.0 715 .o 69-12-12 164. 0 712.0 
65-•)2-1l' 177 .o 699.0 67-05-04 168.0 708.0 69-12-26 1 '30. •) o9o.O 
65-)2-24 164. 0 712 .o 67-<)5-15 15'l.O 717.0 70-01-09 1 7<). 0 706.0 
t-'>- B-09 161.0 715.0 67-05-21 177.0 699.0 70-·)1-2 3 l6d.O 705.0 

>,5-13-23 11> l • ) 715 .o 67-05-2fl 184. 0 692.0 7!)-·)2-04 16d.O 708.0 

;,<;-)4-12 1 59. 0 717 .o 67-06-04 173.0 703.0 7')-02-17 1 59. 0 71 7. 0 

65-)4-27 166.0 710.0 67-t)6-18 187.0 689.0 7rJ-1)2-27 166. 0 710.0 

f s- 1~-02 166.0 710.0 67-06-25 1 75. 0 701.0 70-B-12 161 • 0 715.0 

A'5- )5-21 1 90. ) o96.0 6 7-10-<19 184.0 692 .o 70-13-26 162.0 714.0 

&5-•)5-30 1 93.0 o93.0 67-10-18 1 75. 0 701.0 70-04-03 166. 0 710.0 

6~- )6-12 191.0 685.0 67-10-26 1 75. 0 701.0 70-1)4-.?4 168.0 708.0 

'o5-·H-·>5 2.01.0 675.0 67-11-09 171.0 705.0 7-1-05-10 164. ') 712.0 

65- )7-2 2 1 'H. 0 685.0 67-11-30 166.0 710.0 70-.)5-17 173.0 703.0 

65-08-22 191. 0 685.0 67-12-15 l 75. 0 701.0 70-.)5-31 182. 0 644.0 
65-')6-26 194.0 682.0 <,7-12-29 1 73. 0 703.0 70-06-14 175.0 701.0 
65-·)8-29 194.0 o82.0 68-')1-02 l 73. 0 703.0 .70-06-28 137. 0 689.0 
65-)9-15 1 84. 0 692 .o 68-•Jl-16 166.0 710.0 70-08-02 182.0 o94.0 
65-09-24 194.0 682.0 68-·J 1-26 168.') 708.0 70-09-06 241.0 635.0 
65-10-06 1 :39. 0 6d7.0 68-JZ-13 1 71. 0 705.0 70-19-13 180.0 o9o.O 
6~-10-22 1:34. 0 692.0 6fl-02-26 164.0 712.0 7•)-<)9-26 184. 0 692.0 
6 5- 11-•13 1 73.0 703.0 68-04-09 166. 0 710.0 70-10-12 1 75. c 701. J 
65-11-22 166. 0 710.0 68-04-22 1 73. c 7 03.0 70-10-29 180.0 696.0 
65-12-06 159.0 717.0 68-05-26 195. 0 681.0 70-11-05 1 80.0 691>.0 
65-12-17 159. 0 717.J 68-06-02 191.0 685.0 70-ll-25 1 84. 0 692.0 
"'5-12-31) 173.0 703.0 68-06-09 171.0 705.0 70-12-02 192.J 694.0 
C>o-01-07 1 75. 0 701.0 68-•)6-16 187.0 &89.0 70-12-03 1 97. 0 689.0 
66- 'll-26 161 •. ') 115.0 68-·)6-23 191. 0 685.0 71-01-11 168.0 708.0 
66- J2-17 16 8. 0 708.0 68-08-18 187.0 689.0 71-01-26 157.0 719.0 
66-)2-23 l6l. 0 715 .o 68-·)8-2 5 194.0 682.0 71-02-12 16o.O 710.0 
h6-}3-1l 1 73 .I) 7 03.0 68-19-01 187.0 6£9.0 71-02-25 168.0 7Cd .o 
66-J3-30 159.0 717 .o 68-09-<)8 196.0 680.0 71-03-10 169.0 708.0 
(,t)-.J4-·)8 175.1 701.0 68-09-15 187.0 689.0 71-03-23 161. <) 715 .o 
66- )4-1'l 1 A6 • 0 710.0 68-0'l-22 1 n. c 699.0 71-·)4-0 1 1 71. 0 705.0 
6o-•J4-30 1 'lO. 0 696.0 68-10-10 175. 0 701.0 71-·J4-20 173.0 703.0 
66-05-08 1 94.0 692.0 63-10-30 189.0 oe7.0 71-14-28 173.0 703.0 
Ah- JS-15 1 71.0 705.0 63-11-117 1 90.0 o96.0 71-05-17 163. 1) 70 8. 0 
,,_ )5-22 1 7P.. r:: 698.0 6"-11-19 1 75. 0 701.0 71- ·)5-3 0 1 n. o 70o. 0 
f.lo- )5-~9 189.0 oil7.0 68-12-09 l 73. 0 703.0 71-·16-·)6 164. 0 712.0 
f-6- }6-•)<; 172 •• ) 704.0 68-12-20 173.0 703.0 71-06-20 1 73.0 703.0 
66-)6-12 1 82. 0 u94.0 69-')1-02 1 75. 0 701.0 71-06-27 177.0 699.0 
66-06-19 189.;) 667.0 69-01-15 1 71. 0 705.0 71-08-24 202.0 6 74.0 
6h-<)6-26 1 84. 0 692.0 69-01-29 1 71. 0 705.0 71-<)9-12 194. 0 692.0 
66-)8-27 201.0 IJ 73 .u 69-02-11 166. c 710 .o 71-09-26 177.0 6'1-1.0 
66-·)0-•)4 19d.O 676.J 69-02-24 166.0 708.0 71-10-08 1 8J. 0 696.0 
66-09-11 212.0 co4.0 69-03-11 1 71. 0 705.0 71-10-21 1 71. 0 705.0 
66-·19-2 5 1 98. ') 676.0 69-03-2 6 16 8. c 708.0 71-11-01 1 71. 0 705.0 
66-10 -o 2 187.0 689.0 69-04-03 175.0 701.0 71-11-16 168.0 70d.O 
O>o-10-08 173.0 703.0 69-04-14 164.0 712.0 71-11-29 166. 0 71J.J 
66-1-J-16 1 .92. 0 694.0 69-)4-29 l 73. c 703.0 71-12-10 166. c 71'.) .o 
6o-lJ-24 187.0 669.0 69-05-10 1 73.0 703.0 71-12-20 164.0 7L.:.o 
66-11-·Ja 1 75. 0 701.0 69-JS-1 a 168.0 708.0 72-01-05 l6b.O 708.0 
66- 11-17 1 75. 0 701. J 69-·15-26 168.() 706.0 72-·)2-17 166.0 710.0 
66-11-2 9 177.0 699.0 69-06-01 168.0 708.0 72-·J2-24 166. 0 710.0 
f::f;-12-09 1fl9.Q 687.0 fl9-06-15 196. J 680.0 72-03-10 1 71. ·1 705.0 
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TABLE B-1 !CCN'T.I 

wWP NO. 4 WWP NC. 4 wwP NO. 4 

:)ATE DEPTH ELEV. DATE DEPTH ELE V. DATE DEPTH EL EV. 

72-·)3-1 7 173.0 703.0 7 1·- )1-22 1 82. c c:.S/4.0 75-04-11 161. (') 715.0 
72-•J3-24 16il.O 70d.O 7 4-·Jl- 2 2 166.0 7l o.o 75-·)4-14 161.0 715.0 
72-J3-31 168.0 708.0 74-02-04 166. 0 710 .o 75-04-18 161. 0 715.0 
72-•)4-11 16A. 0 708.0 74-02-12 177.0 699.0 75-14-19 164. I) 712.0 
72-04-20 164.0 712 .o 74-02-20 177.0 699.0 75-04-20 164.0 71~ .o 
7 2-·)4-26 168.0 708.0 74-02-28 1 71. 0 705.0 75-•)4-21 161. 0 715.0 
72-•)5-13 164.0 712.0 74-03-04 l66.0 710 .o 75-·)4-2? 159.0 717.0 
72-)5-21 168.0 708.0 74-03-14 173. 0 703.0 75-04-28 160. 0 716.0 
72-06-11 175.0 701.0 74-03-20 168.0 708.0 75-·)5-02 168.:) 708.0 
72- )6-24 191 .o 685.0 74-')3-2 8 168.0 708.0 75-05-07 162. 0 714.0 
72-·)6-25 187.0 689.0 74-•)4-04 168.0 703.0 75-J5-10 164. c 712.0 
72-·17-09 196.0 680.0 74- •)4-11 166.0 710.0 75-06-05 191.0 685.0 
72-07-23 203.0 o73.0 74-04-18 1 7J. 0 706.0 75-06-08 187.0 689.0 
72-·)8-20 20 l. 0 b 75 .o 74-04-2 7 168.0 708.0 75-')6-14 198. 0 67d.O 
72-09-10 210.0 6o6.0 74-05-05 180.0 o96.0 75-06-21 182. 0 694.0 
72-09-17 184.0 692.0 74-05-06 145.0 731.0 75-06-27 175. 0 70 l. '.) 
72-09-24 18'l.O 687.0 74-05-•}7 1 73. 0 703.0 75-·)8-24 180.0 6'16.0 
72-10-01 1 80. 0 o96.0 74-·)5-14 175.0 701.0 75-08-31 177.0 699.0 
72-10-03 191.0 685.0 74-06-07 1 7l. 0 705.0 75-09-07 167.0 709.0 
72-10-20 1 73.0 703.0 74-06-11 210.0 666.0 75-09-10 194.0 682.0 
72-10-27 180. 0 o96.0 74-07-06 1 'l6. 0 6dO.O 75-09-13 198.0 o78.0 
7 2-11-0 2 1 73. 0 703.0 74-08-03 228.0 o48.0 75-)9-21 191. 0 o85.o 
7 2-ll-l 0 184.0 692.0 74-09-11 205.0 o71.0 75-09-2 8 191.0 685.J 
72-11-15 177.0 6'19.0 74-1)9-15 212.0 664.0 75-10-04 180.0 o9o.o 
72-11-28 171. 0 705.0 74-09-22 214.0 6o2. 0 75-10-14 168. 0 708.0 
72-12-14 1 73. 0 703.0 74-09-29 208.0 66d.O 7?-10-21 175. c 701.0 
72-1?-22 173. J 703.0 74-10-06 201.0 675.0 75-10-28 173.0 703.0 
72-12-29 175. 0 701.0 74-10-14 2 01. 0 675.0 75-11-06 164.0 712 .o 
73-01-05 173.0 703.0 74-10-21 198.0 678.0 75-11-12 166.0 710.0 
73-01-15 168.0 708.0 74-10-30 189.0 687.0 75-11-19 1 75. 0 701.0 
73-01-23 1 77. 0 b'N.O 74-11-12 173.0 703.0 75-11-26 166. 0 710.0 
73-01-30 177.0 699.0 14-11-21 191.0 685.0 75-12-0 5 164.0 712.0 
73-.)2-12 1 71. 0 705.0 74-11-27 184. 0 692.0 75-12-11 164.0 712.0 
73-02-2 0 171.0 705.0 74-12-04 177.0 699.0 75-12-17 164.0 . 712.0 
73--)3-0 1 171.0 705.0 74-12-11 182. 0 694.0 75-12-22 154. c 722.0 
7 3-03-0<3 174. 0 702.0 74-12-19 175.0 701.0 7 5- 12-31 164.0 712.J 
73-)3-13 178.0 69d.O 74-12-24 173.0 7:J3.0 76-01-0f> 157.0 719.0 
73-03-28 1 75 • •) 701.0 75-01-24 177.0 699.0 76-01-14 157.0 719.0 
7 3-04-05 177.0 699.0 75-01-29 173. c 703.0 76-01-21 157.0 719.0 
73-04-15 177.0 699.0 75-02-06 1 75. 0 701.0 76-•)1-28 159.0 717. J 
7 3-·JI+-2 2 l -'31.0 o95.0 75-02-14 177.0 699.0 76-02-04 161.0 715 .J 
73-·)4-2 9 191.0 6d5.0 75-<02-19 175. 0 701.0 76-02-11 161.J 715.0 
73-)5-06 182.0 o94.0 75-02-26 168.0 708.0 76-02-18 159.0 717.J 
73-JS-26 181). 0 o96.0 75-02-2 7 167.0 709.0 76- )3-04 154. 0 722.0 
73-06-17 19h.O oBO.O 75-02-2 8 166. c 710.0 76-03-11 154.0 722.0 
73-07-01 210.0 666.0 75-03-03 161.0 715.0 76-03-17 1 54. 0 722.0 
73-09-09 2 03.0 673.0 75-03-04 174.0 702.0 76-03-24 159.0 717.0 
73-09-16 203.0 o73.0 75-03-06 166. 0 710.0 76-1)3-31 154.0 722.0 
73-09-23 137.0 689.0 75-03-07 166. 0 710.0 76-04-0 8 161.0 715. J 
73- ')9-30 184. J 692.0 75-03-10 159.0 717.0 76-·)4-18 157.0 719.0 
73-10-09 191. 'J o65.0 75-03-11 171.0 705.0 76-04-2 5 157.0 n9.o 
73-10-16 1 80. 0 I; ')6. 0 75-03-12 184.0 692.0 76-')5-01 171.0 705.0 
73-10-24 189.0 6o7.J 75-)1-21 164. J 712.0 76-05-09 187.0 689.0 
73-10-31 1 !32. 0 694.0 75-03-13 161.0 715.0 76-05-15 l c]2 • 0 694.0 
73-11-13 l 75. c 701.0 75-03-14 168.0 708.1) 76-·)5-23 177.0 o'19.J 
7 3- 11-2 6 177. I) 699.0 75-)3-1 7 159. J 717.0 71:>-·)5-29 166.0 710.0 
73-12-07 1 ao. o c96.J 75-)3-21 164.0 712.0 76-1)6-06 177 .o 699.0 
73-12-12 177.0 699.0 7 5- )3-24 157.0 719.0 76-)1:>-13 1 73.0 703.0 
73-12-20 180. J ()96.0 75-03-2A 166.0 710.0 76- )6-20 174. 0 702.0 
73-12-26 173.0 703.0 75-·)3-31 157.0 719.0 76-06-27 198.0 67ti.l) 
74-1)1-04 177.0 699.0 75-04-04 16l. J 715.J 76-07-25 2 01. c 675.0 
7 4-·) 1-11 175.0 7J 1. 0 75-04-07 156. 0 720.0 76-·)8-22 1 77. J 699.0 
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TAB Lc B-1 (CON' T. l 

~o~<P NC. 4 ,,.p r-<c. 4 W~P NO. 5 

DATE DEPTH El EV. UA TE Dt f'TH El EV. QAT E DE?TH El EV. 

71,-·)8-2<; 1~4.0 6 <)2. u 7fl-•)2-22 154. 5 7<.1 .5 66-10-02 460.0 6!!7.0 
76- )C-12 1'12.0 o9<t,Q 78-·)3-01 136. 7 739.3 66-10-08 455. ·J o92,Q 
7h-0A-19 1 il2. 0 694.0 78-03-•J 8 154. 4 721.6 66-10-16 455.0 692 .o 
76- )9-26 182.0 o94.0 78-·J3-15 156.7 719.3 66-10-24 455. 0 692.0 
76-10-03 195.0 6J1.0 7fl-03-22 161.4 714.6 c6-ll-08 455. c 6'12.0 
7f--10-10 1 7 3, I) 703.J 79-)3-29 159. 1 ll6. 9 66-11-17 460. J 657 .o 
h-1'J-2J 16'3.0 708.J 78-04-05 16 3. 7 712.3 66-1 :?-09 460.0 6~7.J 

76-10-28 161.0 715.0 78-1)4-l'Z 1 56. 7 719.3 66-12-27 455. c 692 .o 
76-11-04 161:!.0 70o.u 78-·)4-19 156.7 719.3 66-12-29 455.0 o9Z,O 
76-11-17 161. c 715. J 78-04-26 156. 7 719.3 0 7-Jl-03 455. c c92.0 
7b-ll-24 168. 0 70i:l.O 78-05-03 154,4 7 21.6 A 7-) 1-24 450.0 697.0 
7':>-12-01 161.0 715 .o 78-05-11 156. 7 719.3 67-02-07 450.0 tJ97.o 
76-12-09 154. 0 722. J 78-•)5-21 156. 7 71 '1.3 67-02-27 455. c o92.0 
76-12-1 f 164. c 712.0 78-)5-28 161. 4 714.6 67-03-08 450.0 697.J 
76-12-29 161.0 715.0 6 7-1)3-21 455.0 c92.0 
77-,)1-05 16 3. 7 712.3 67-04-17 450 .o 697.0 
77-)1-13 1 5<;. 1 716.9 I'IWP NO. 5 67-·'J4-26 450.0 o97.o 
77-)1-19 163.7 712.3 67-05-04 450.0 6'17.0 
77-H-2o 1~1.4 714.6 DATE DEPTH ELEV. 67-05-15 45•). 0 69 7 .o 
7 7-•J2 -0 2 159. 1 716.9 67-05-21 450. c o97.J 
7 7- ·)2 -09 154.4 7 21.o 61-08-09 5 73.0 5 74.0 67-05-28 450. 0 697 ,t) 
77-02-16 156. 8 719.2 61-08-10 557.0 590.0 67-06-04 450.0 &97.0 
17-()2. -2 3 159. 1 1lo ,9 61-0A-16 5 54.0 587.0 67-06-18 450.0 o97,0 
77-0?-02 157.0 11 'J .o &1-08-19 5 58. 0 ~d9.0 67-·'J6-2 5 450.0 &97.0 
77-03-10 159. 0 717.0 61-·'J8-22 553.0 594.0 67-1)9-10 490.0 657.0 
7 7-1)3-16 159,0 111.0 61-08-24 545.0 ti02.0 67-·)9-24 460.C 6o7.i.J 
77-J3-30 164.'] 712.0 61-<)9-1)5 452. 0 o95,0 6 7-10-09 455,C 692.0 
77-·J4-06 154. 0 722 .o 65-%-12 490.0 657.0 67-10-18 455.0 692.0 
77-·)4-13 1 75. •) 701.0 65-06-2 0 430.0 667.0 67-10-26 455. I) 692 .o 
77-04-20 l 71.0 705.0 65-08-0 5 530.0 617.0 67-ll-09 455.0 692.0 
77-07-10 194.7 681 .3 65-08-15 510.0 637.0 . 67-11-30 45'5. 0 6'12.0 
77-07-17 198. 3 677.7 65-,)8-22 480. a o67.0 67-12-20 455.0 692 .J 
77-()7-24 214.5 661.5 65-08-26 475.0 672 .o 68-·)1-02 455. c 6'72.0 
77-·H-31 210.0 bo6,0 65-08-29 475.0 672.0 68-01-16 455.0 c<;z.o 
77-18-t) 7 212.0 664.J 65-09-05 478.0 669.0 68-01-26 455.0 692 .o 
77-08-14 219.0 657.0 6'5-09-15 4 75. a 672.0 68-02-13 4 55. 0 b92.0 
7 7-•)fi-21 2 05.0 6 71.0 65-09-22 510.0 637.0 68-02-26 4 55. 0 692 .o 
77-)8-Zfl 197. 5 6tl8,5 65-•)9-24 455.0 692.0 68-1')3-09 455.0 692.0 
77- 1)C.-04 171.0 705.0 65-10-0o 4 55.0 692..0 68-03-2 2 455. 0 o92.0 
77-·)9-10 1 75. 0 701.0 65-10-22 4 55. 0 692.0 68-05-12 4 50. t) 697,0 
77-·19- 19 L 73. •) 70 3. 0 65-11-03 46J. 0 687.0 68-1)5-19 450.0 697.0 
77-•)9-2 5 1 71 • :) 705.J 65-11-22 460.0 6d7.0 68-<)5-2 6 450.0 697.0 
77-10-1') 3 156. 7 719.3 65-12-06 457.0 690.0 68-06-•)2 4 5·1. 0 697.0 
77-1'J-10 156. 7 719.3 6 'i-12-1 7 455.0 692.0 68-•16-09 ~50. 0 &97.0 
77-10-17 1o1.4 714.6 65-12-30 4'55.0 692.0 68- 1)6-16 450.0 6'17.0 
77-11)-25 1 7'). 6 705.-. 66-·11-1)7 455.0 692 .o 68-)6-23 4 70 .o 6 77.0 
77-11)-31 154.5 7d .5 66-·11-26 450.0 697,0 68-07-14 460.0 6t37 .o 
77-11-07 168.3 707,7 66- J2-07 455.0 692.0 68-1)8-18 460.0 l..b7,0 
77-ll-14 161.4 714.6 66-·)2-2 3 455. 0 692.0 68-0fl-2 5 460.0 687.0 
77-11-29 16fl,6 707.4 66-03-11 455. () 692 .o 68-·)9-01 45'J.O 6'17.0 
77-12-·)7 15'1. 1 716.9 66-J3-30 450.0 697.0 63-09-08 457.0 690.0 
77-12-15 159. 1 716.9 66--)4-08 450.0 697,D 68-09-15 455. 0 b92 .o 
77-12-21 156.il 719.2 66-)4-19 450.0 697.0 68-•)9-22 460. r) 61:l7.0 
77-12-2.8 159. 1 716.9 66- )4-30 450.0 697.0 68-10-10 45 7. J 690.0 
78-01-04 15CJ. 1 71 {; • 9 66-05-1)8 450.0 697.0 6d-10-30 455.0 692.0 
7 3- Jl- 11 159.1 716.9 66-)5-15 450.0 697.0 63-11-07 460.0 6b7.0 
79-·)1-18 149.3 726.2 66-·)5-22 4 70.0 6 77 ,() 65-11-19 455. c c92,0 
78-·Jl-21 152. l 723.9 66-·)6-05 450.0 c97.0 6d-12-09 455. c o'>2.0 
79-cJl-73 152. 1 72 3. 9 66-')6-12 450.0 6'17.0 68-12-20 455.0 692.0 
7'l-)2-01 l"i2.1 723.9 66-)9-·)4 455. 0 692.0 69-01-')2 4 55. Ci 692.0 
79-02-oa 156. 7 719.3 66-)9-11 45 'l. c bd9.0 69-·11-15 455. c 692.0 
7 3-·)2-15 161. 4 714.6 66-09-2 5 458.0 689,0 69-·)1-29 455.0 692 .o 
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TABLE B-1 ( cON I T 0 ) 

o.wP NO. 5 l.loiP NO. 5 WWP NO. 5 

JATE DEPTH ELEV. DATE DEPTH ELEV. DATE DEPTH EL EV. 

6 ·J- ·)2 -11 455. c b'-i2.Ll 71-05-30 470.0 6 77 .v 73-J4-•) 5 4'55.0 692.0 
F-"'-·)2-24 455.0 692.0 71-06-06 445.0 702.0 73-04-15 455. 0 692.0 
69-03-11 455.0 692 .o 71-·)6-20 445.0 702.0 73-04-22 45'5.0 692.0 
o9-03-26 450.0 t:.97.0 71-06-27 450.0 697.0 73-04-29 455.0 692 .o 
'>9-04-03 450.0 697 .o 71-07-11 460.0 687.0 73-05-06 455.0 &92.0 
69-04-15 4 5•). 0 697.0 71-•)9-12 457.0 690.0 73-05-13 455.0 692 .o 

73-05-26 465.0 682.0 60-•)4-29 4 5•). 0 697.0 71-)9-21'> 455.0 692.0 
73-06-03 470.0 6 77 .o 69-·)5-10 450.0 697.0 71-10-08 455.0 692.0 
73-06-24 540.0 607.0 6 9- )5 -18 450.0 6'17.0 71-10-22 455.0 t>92 .o 
73-09-09 4'35.0 662.0 69-05-2 5 450.0 697.0 7 1-11-0 1 455.0 692.0 
73-09-2 3 470.0 677.0 69-06-01 450.0 697.0 71-11-16 455.0 692.0 
73-09-30 460.0 687.0 6'1-06-08 450.0 697.0 71-11-29 460.0 687.0 
73-10-09 455. c 692.0 6<)-06-15 450.0 697.0 71-12-10 455.0 692 .o 
73-10-16 460.1) 687.0 6 q- 1)6- 2 2 490.0 657.0 71-12-20 455. 0 b'12.0 
73-10-24 460.0 6tl1.0 A9-)6-29 450.0 697.0 72-01-05 455.0 692.0 
73-10-31 460.0 68 7.0 69-07-·) 7 450.0 697.0 72-02-07 445.0 702.0 
7 3-11-13 460.0 687.0 69-•)9-08 465.0 bd2.0 72-02-17 450.0 697.0 
73-ll-26 460.0 t>87.0 6 9-•)9-14 460.0 687.0 72--JZ-24 450.0 697 .a 
73-12-07 460.0 687.0 1--9-09-21 460.0 687.0 72-03-03 450.0 o97.0 
73-12-12 460.0 68 7 .o 69-09-28 460.0 6b7.0 72-03-10 450.0 697.0 
73-12-20 460.0 b87.0 69-10-08 460.0 687.0 72-03-17 450.0 o97.0 
73-12-26 460.0 687.0 69-10-27 460.0 687.0 72-03-24 450.0 697 .o 
74-01-04 460.0 t.81.0 f9-11-04 4oO.O () d7. 0 72-03-31 450.0 697.0 
74- ·)1-11 460.0 667.0 69-11-16 460.0 637.0 72-04-11 450.0 697.0 
74-0l-22 460.0 687.0 69-12-01 ~57.0 6C,O.O 72-04-20 450.0 697.0 
74-01-2 8 457.0 690.0 69-12-12 -+55. 0 692.0 72-04-26 450.') o97.o 
74-02-04 457.0 690.0 69-12-2 6 460.0 687.0 72-05-06 450~0 697.0 
74-02-12 460.0 687 .o 70-·)1-09 455. 0 692.0 72-05-13 450.0 697.0 
74-02-20 458.0 t.b9.0 70-01-2 3 457.0 691.0 72-.)5-21 450. () o97.o 
74-·)2-2A 457.0 690.0 70-02-04 555.0 592.0 72-05-27 450.0 697.0 
74-03-04 455. G 692 .o 70-J2-17 455. 0 692.0 72-0o-03 450.0 697.0 
74-03-14 457.0 690.1) 70-02-27 455.0 692 .o 72-06-12 450.0 697.0 
74-03-20 457.0 690.0 70-03-12 455.0 692.0 72-06-18 450.0 697.0 
74-03-28 453.0 o94.0 70-03-26 455.0 o92 .0 72-)6-24 490.0 657.0 
74-04-04 460.0 687.0 70-04-03 455.0 t>9 2 .o 72-06-2 5 452.0 t>95.0 
74-04-11 450.0 69 7 .o 70-04-2 4 452.0 695.0 72-07-09 465.0 682.0 
74-·14-19 450.0 697.(, 7)-)5-1 0 461) .o 6d 7. 0 72-07-2 3 460.0 b81.0 
74-'}4-2 7 450.0 697.(, 70-05-17 4o0.0 687.0 72-08-20 465.0 682.0 
74-06-12 450.0 697.0 70-•15-24 450. 0 o97.o 72-·19-17 460.0 687.0 
74-07-06 4 75. c 6 72. J 70-05-31 450.0 697.0 72-·19-24 460.0 687.0 
74-•19-15 465.0 6d2.J 70-06-14 450.0 697.0 72-10-01 457.0 690.0 
74-09-29 470.0 677.·~ 70-·)6-2 1 450.0 697.0 72-10-08 455.'0 692.0 
74-10-06 460.0 667.J 70-·)6-2 8 470.0 677 .o 72-10-2 0 457.0 690.0 
74-10-14 460.0 687.J 70-08-02 460.0 b67.0 72-10-27 457.') 690.0 
74-10-27 460.0 o87.J 7 i)- .)0 -1 3 455. a 692.0 72-11-02 457.0 o90.0 
74-10-30 460.0 687.u 70-09-26 455. 0 o92.0 7 2-11-10 460.0 687.0 
74-11-12 457.0 690.0 70-10-12 455. 0 b92.0 72-11-15 460.0 687.0 
74-11-21 4b0.0 687.u 7')-10-29 455.0 692.0 7 2-11-2 8 460.0 687.0 
74-11-2 7 460.0 687.2 70-11-05 455. c t>92.0 72-12-14 455. c 692 .o 
74-12-04 460.0 687.0 70-11-25 455.0 692.0 72-12-22 455.0 o92.o 
74- 12- 11 4611.0 bd7.0 70-12-02 4 55. 0 692.0 72-12-29 455. 0 692.0 
74-12-19 460.0 f,8 7 .o 70-12-2 3 455.0 692.0 73-01-05 455.0 692 .o 
74-12-24 460.0 6d 7 •• : 7 1-·) 1-11 450.0 697.0 73-01-15 455.0 o92.0 
74- 12-31 46').0 6iH • .J 71-01-26 450.0 t-'11.0 73-01-2 3 455.0 6'72.0 
75-H-09 457.0 I.)IU .,; 71-·JZ-12 450.0 697.0 73-01-30 4"55. G 692.0 
7 5-) 1-1 ~. 457.0 o90 •. , 71-02-25 450. 0 697.0 73-02-12 455. 0 t>92.0 
75-.)l-24 457.0 b90.0 71-03-10 450.0 697.0 13-02-20 455.0 692.0 
75-01-30 4AO.O 687.0 71-13-23 450.0 vn .o 7 3-03-•) 1 455.0 6'72.0 
7'5-02-0 7 457.() 6'10.u 71-04-20 450. 0 6S7.C 73-03-08 455.') 6'12. 0 
75-·)2-14 41>0. c) 687.J 11- 'J4-2 e 450.0 6'17.0 73-03-13 455.0 t>92.0 75-02-19 45 7. •) 640.u 71-rJ5-1)9 450. J 697.0 73-03-21 455.0 692 .o 7'5-)2-26 445. 0 702.0 71-)5-17 445.0 702..0 73-03-29 4'55. 0 1:>92.0 
1 5-n-2 1 445.0 102.0 
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TABLE B-1 (CON'T.l 

loonP r,. ...... 5 """" NL. 5 rllo/P f\lO. 5 

uA TE DE t>TH ELE:V. OATE DEPTH ELEV. DATE OEPTH ELEV. 

7">-·JZ-28 443. 0 704.0 7 6- >3-:; 1 42S.J 7i.2.U 1 ~-) 2 -o 1 430.0 717. J 
75- J3-03 44·). 0 707.0 76-·)4-07 430.0 717 .o 78-02-03 4 35.0 112. a 
75- )3-04 440.0 707.0 n-04-1 a 42 7. 0 720.0 78-:)2-22 435.0 712 .o 
7'i- )3-1)6 4-5t). 0 697 .o 7f-04-2'i 430.0 717.0 7'3-03-0 1 430. () 717 .o 
75-B-07 44•). ·0 70 7. 0 76-05-01 430.0 717.0 78-03-08 430.0 /17. J 
7 '5- )"3 -1 0 440.0 707.0 76-i)5-09 430.0 717.0 73-·)3-15 43.1. 0 7l 7. \) 
75-B-11 441). 0 707.0 76-1)5-15 430.0 717.0 7R-03-22 435.0 71.:! .o 
7 5-·13 -12 437.0 710.0 76-05-23 42 7. c 720.0 7 8-1)3-29 430.0 717.J 
75-)3-14 44.). 0 707.0 76-·)5-29 435.0 712. J 79-04-,)5 4 3•). 0 717 .o 
7'5-)3-17 415. 0 712.0 76-06-06 430.0 717.0 78-04-12 -+30.0 717.0 
75-D-21 441).0 707.0 76-16-12 448.0 699.0 78-04-19 r, 35. 0 712.0 
75-1)3-24 4 35 •. 1 712.0 76-06-20 4 30.0 717.0 7'!-·)4-26 430.0 717.0 
75-B-28 435. 0 71L.J 76-07-24 470.0 b 77 .o 78-•)5-03 43).0 7l 7. u 
75-.J3- 31 4 35. c 712.0 76-1)8-0 1 455.0 b92 .o 78-05-11 431.0 717.0 
75-·14-04 430.0 717.0 76-08-08 435.0 712.0 78-·)5-21 430.0 717 .o 
7 5- )4-0 7 430.0 717 .o 76-C8-15 435.0 712.0 78-·)5-28 431.0 717.0 
75-14-11 430.0 717.0 76-08-22 430.0 717.0 
7')-)4-14 432.0 715.0 76-l0-0 3 470.0 677.0 
7 5-.14-1Q 430. G 717.0 76-10-10 430.0 717.0 
7?-ll .. -1'1 43!1.0 717.0 76-10-20 430.0 717.0 
75- )4-20 430.0 717.0 76-10-28 430.0 717.0 
75-)4-21 430.0 717.0 76- 11-0 4 431), 0 717 .o 
75-J4-25 431). 0 717.0 76-ll-17 430.0 717.0 
75-04-28 430.0 717 .o 76-11-24 430.0 717.0 
75-15-02 <+30.0 717.0 76-12-01 430.0 717 .o 
75-05-07 430.0 717.0 76-12-09 430.0 7l 7 .o 
75-)5-1·) 430.0 717.0 76-12-16 430.0 7l 7. 0 
75-·)5-13 430.0 717 .o 76-12-29 430.0 717.0 
75-)5-16 430.0 717.J 77-01-0 5 432.0 715.0 
75-05-19 430.0 717.0 77-01-13 430.0 717 .o 
75- )5-24 430.0 717 .o 77-01-19 432. J 715 .J 
75-)6-14 480.0 b67.0 77-01-26 430.0 717.0 
75- )6-21 440,0 707.0 77-02-02 43!l. 0 717.0 
7<;-)t:-27 430.0 667.0 77-02-09 430.0 717.0 
75-•)A-17 510.0 637.C 77-02-16 428.0 719.0 
7'5-·)3-2 4 4dO.O 667.u 77-)2-23 430.0 717.0 
75-JR-11 43-J.O 717.0 77-)3-02 430. ·) 717.0 
7':>- )0-21 435. 0 712.0 77- ·13-1 0 430.0 717.0 
7~-10-04 4 51). 0 o9 7 .•J 77-·)3-16 430. ') 7l 7 .o 
7'>-10-14 430.0 7l 7 .o 77-03-30 430.0 717.0 
75-10-21 430.0 717.') 77-1)4-06 425.0 72.2.0 
75-1:)-28 4 30. ·) 717.0 77-J4-13 490.0 o57.0 
7';-11-·16 430.0 717. J 77-'H-03 5 35.0 612.0 
7'5-11-12 430.0 717.0 77-07-17 520.0 62 7 .o 
75-11-19 43•). 0 717.0 77-08-28 435.0 712.0 
7'>-11-26 430.0 717.0 77-,)9-04 425.1 722 .o 
75-12-1'15 430.0 717.0 77-)9-10 425.0 722.0 
75-12-11 430.0 717.0 77-·)9-19 440.0 707.0 
75-12-17 430.0 717.0 77- )9-2 5 430.0 717.0 
7'5-12-ZZ 430.J 717.0 77-10-03 430.0 7l 7 .o 
75-12-31 430.0 717.0 77-10-10 430.0 717.0 
76-Jl-Ofl 430.0 717.0 11-10-11 430.0 717.0 
71'-,-Jl-14 430.0 717.0 77-10-25 4 30. 0 717.0 
7 6- ·) 1-21 430.0 717.0 77-10-31 430.0 717.0 
76-•H-28 430.0 7l 7. 0 77-ll-07 430.0 717.0 
7t;-.)2 -•)4 430.0 717.0 77-12-15 430.0 717.0 
76-J2-11 430.0 717.0 77-12-21 430.0 717.0 
76-02-18 4 30. J 717.0 77-12-28 430. •) 717.0 
71':-•13-04 430.0 717.0 78- )l-J4 430.0 71 7. 0 
7"-13-11 43).0 7l 7. 0 78-)l-11 435.0 712 .o 
76-)3-17 4~0.') 717.0 7P.-Jl-18 430.0 717.0 
76- .. 13-24 4 30. ) 7l 7. 0 7R-•Jl-23 430.0 7l 7 .o 

153 



APPENDIX C 

AQUIFER INTERCONNECTION, INTERWELL DISTANCES, AND 

AQUIFER TEST NO. 5 DATA 
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lflfq I 

',1H~"'M~Y (lf ~fLf(TfflM:J'j]()!'Al A'i[l 

J•t:JU\TRlAL Will<, or TH[ l[\o.']',7 1J', RASI'l 

1;N r' ~~~ L l'~6 ~ ~~ ~;i~ f r.; 1 r,·~ 

PART A. SUMI-1ARY OF A(]UIFFR J',T(Rffl'l'i[(TFl~J 

WEll 
NAME 

LIA 

l2 

l3 

l4 

L5 

LDID I 

TCF 

Cl 

C2 

(3 

ll&ENfJ: A- lntertor.nettlon tndtcdted frrm aqu1fer tests 

Ll~ 

' 6EO~ 
7100 

9400 

14,100 

-

1200 

10. 1 00 

2; ,5oo 

14,500 

- lnterconnett1on indicated by basalt stratigraphy and/or historic water level response 

ft'paration ind•tated by h_vdrogeologtc boundary 

- separation indhated by basalt stratigr.;,phy 

l2 I lJ l4 I l5 lOID I TCF Cl C2 

B ~ D ~ B A A A 

~ B D B 6 B B B 

8000 """ D A B A A A 

2500 9900 ~ D D D D D 

16,100 8200 18,500 ~ B A A A 

22,400 21,700 - 22,800 ~ B B B 

7800 7000 10,500 13,800 - ~ A A 

15 .~00 10,400 18,500 10,500 - 10,300 ~ A 

24,500 16,400 - 8300 - 21.100 14,600 "'-
19,300 12,300 9900 8250 - 13.600 53'lll 9650 

C3 

A 

B 

A 

D 

A 

B 

A 

A 

A 

""-

(4 C5 lt l7 PWI PW? 

A c c A c c 

B c c B c c 

A c c A c : 

D c c D c c 

A c c A c c 

B B c c c c 

A c c A c c 

A c c A c c 

A c c A c c 

A c ( A ( c 

(4 12,400 16,100 • 8500 18,400 4300 - II ,800 635n 9200 4375 '-........ c ( A c c 

C5 17,600 23,400 16,200 -- 11,800 - 16.700 7650 10,700 3900 

C6 22 ,BOO - 18,700 - 11,700 - 21.900 14,100 4450 8775 

(7 16,900 21.600 14,200 24,300 8900 - 16.300 7700 7900 2750 

PW1 15,700 23 .ooo 18,200 - 18.100 - 15.200 8000 17,500 10,500 

PW2 18,200 25,000 20,600 - 19,800 - 17.200 10,200 17,800 12,000 

A2 -- - 24,200 - 15.600 - - - 11.700 21,300 

PFI3 12.200 6200 15,000 4.?00 22,600 - 13,300 22 .n~c - -

WELL LIA L2 L3 l4 L5 lOID I TCF Cl C2 C3 
NAME 

PART B. SUMMARY OF INTERW£Ll DISTANCES (obtained from USGS 7 ... series 010ps) 

(distances are given in feet. blanks indicate that the inter-well distance is greater than 25.000 feet) 

l!A - l5 

lOID I 

TCF 

Idaho 

City of lewiston ~ell Nos. lA-S 

Lewiston Orch:•rds Irrigation District 

Well No. 1 

WEll NAMES 

Twin City Foods Well (fonnerly called " Sno-Crop Well No. 1") 

PFI 3 Potlatch Forests Inc. Well No. 3 (Uest levee) 
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8200 ............... A c c c 

10,400 8100 ~ c c c 

5800 3100 66()(, ~ c c 

13,700 9300 17,400 11,800 ~ A 

15,500 9700 17,900 12,900 2000 ............... 
19,600 22,600 15,200 19,800 -

- - - - -

C4 C5 C6 C7 PWI 

Washinqton 

CI-C7 WWP (Washington Water Power Co.j !tell Nos. 1-7 

of Clar~ston 

PWI.PW2 Port of Whitman tat Wilma) Wells Nos. 1 and 2 

A2 City of Asotin Well No. 2 

-

-

PW2 

A2 PFIJ 

B B 

B B 

B B 

D D 

B B 
i 

B B 

B B 
I 

' 

B B I 
B B 

B B 

B B 

c c 

c c 

8 B 

c c 

c c 

.............. 8 

- "'-
A2 PFIJ 



TABLf C-2 

~.OU I FER TEST NO. 5: BAROHETER ~NO RIVER STAGE on• 

Jate T1me 3ta. ~. s. @ R.S. (l R.S. ·~ Gate Time Sta. R.S. @ R.S. ~ R.S. ~ 
?ress. Confl. Anatone Sp1dng. Press. Con fl. Anatone Sp 1 dng. 

.i ~arcn 08:0 6. 2 4.0 ~arch :30 6.37 5.84 4. 
c979 :30 6.52 4.08 12:00 28. 75 6.34 5.80 4.78 

09:00 .69 6.64 6.41 4.08 :30 5. •ll 5.80 4.83 
:30 6.48 6.31 4.08 13:00 . 75 6. 51 5.85 5. 07 

10:00 .70 6.58 6.20 4.08 :30 6.54 5.93 5.28 
:30 6. 10 4.08 14:00 .76 6.65 6.06 5.45 

11:00 .69 6. 33 5.00 4. 08 :30 6.42 6.21 5.56 
:30 6. 18 5.91 4.08 15:00 .77 6.27 6.37 5.63 

12:00 .68 6.17 5.85 .+.08 :30 6.29 6.52 5.67 
:30 5.81 4.08 16:00 .78 5.34 5.66 s. 70 

13:00 .66 6. 16 5.31 4.08 :30 6.40 6.77 5. 73 
:30 6.07 5.87 4. 08 17:00 .79 6.39 6.88 5.75 

14:00 .56 6.00 5.97 4. 08 :30 5.85 6.98 5.79 
:30 5. 82 6.11 4.~8 t 18:00 .79 5. 77 7.09 5.82 

15:00 .65 5.78 6.23 4.09 :30 7.17 5.85 
:30 6.44 4.09 19:00 .80 5. 71 7.21 5.87 

16:00 .55 5.70 6.60 4.10 :30 7. 21 5.90 
:30 6. 77 4. 12 20:00 .80 5.55 7. 18 5.93 

17:00 . 66 5.44 6.94 4. 13 :30 7.11 5.96 
:30 7. 11 4. 15 21:00 .31 5.27 7.03 5.99 

18:00 .66 5.29 7.25 4.17 :30 6.94 5.01 
:30 7.36 4. 19 22:00 .81 5.23 6.84 6.04 

19:00 .67 5.21 7.45 4.23 :30 6.76 6.07 
:30 7.52 4.25 23:00 .81 5.07 6. 68 6.09 

20:00 .65 5.01 7.57 4.28 I :30 6. 62 6.12 
:30 4.93 7.58 4.30 6 March 24:00 28.31 4.05 6.58 6.15 

21:00 .55 4.91 7.59 4.32 :30 6.55 6.17 
:30 4.91 7.55 4.34 01:00 .81 5.47 6.54 6.20 

22:00 .66 4.91 7.51 4.35 :30 6.53 6.22 
:30 4.91 7.45 4.37 02:00 .32 6.10 6.55 6.23 

23:00 .66 4.90 7.41 4.39 :30 6.60 6.22 
:30 5.09 7.39 4.40 ' 03:00 .31 6.30 6.70 5.16 

5 March 24:00 28.66 5.22 7.37 4.41 :30 6.81 6.08 
:30 7.34 4.U 04:00 .82 6.87 6.90 5.99 

01:00 . 57 5.96 7.31 4.42 :30 7.11 6.99 5.92 
:30 6.07 7.26 4.43 05:00 . 83 7.29 7.03 5. 87 

02:00 .68 6.20 7.21 4. 44 :30 7.03 5.84 
:30 7.13 4.45 06:00 . 84 7.46 6.99 5.83 

03:00 .68 5.59 7.06 4.46 :30 6.94 5.83 
:30 6.88 6.99 4 . 46 07:00 .85 7.45 6.86 5.35 

04:00 .58 7.09 6.92 -<.47 :30 7. :7 6.78 5.87 
:30 6.88 4.47 08:00 . 86 7.09 6.69 5.89 

05:00 .66 7.36 6.83 4.48 :30 5.59 5.91 
:30 7.55 6.79 4. 48 09:00 .36 6.90 6.49 5.92 

06:00 .69 7.80 6.76 4.49 :30 6.82 6.37 5.94 
:30 6.72 4.51 10:00 . 86 5.76 6.27 5.95 

07:00 .71 7.60 6.67 4.52 :30 6.17 5.96 
:30 6.60 4.53 11:00 .84 6.53 6.07 5.99 

08:00 .73 6.35 6.52 4.55 :30 5.98 6.05 
:30 6.42 4.57 12:00 . 87 6.35 5.91 6. 17 

09:00 . 73 6.60 5.32 4.59 :30 6.22 5.86 6.32 
.30 6.42 6.21 4.62 13:00 .79 6. 17 5.34 6.-!7 

10:00 . 73 6.12 6. 10 4.64 :30 5.87 6.59 
:30 6.24 6.00 4. 67 14:00 28.79 5.93 5.98 6.57 

11:00 28. 75 6.22 5. 31 4.69 :30 6.12 5.72 

~otes: Station Pressure from Lewiston A i rpo rt 'tiSO (Elev. 1438 ft ms 1) - inches of Hg . 
R.S. @ : River stages at the confluence, Anatone, Wa., and Spalding, I d. gauging stations 
given in feet above datum. 
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n·~r 2 
;..wP 2 
w-..!P 2 
1-WP ~ 
IOI,jp 2 
l.wP 2 
W'IIP 2 
\·WP 2 
'rrWP 2 
·~wP z 
wi.JP 2 
1\WP ~ 

I. 'IP 2 
'..iWP ? 
o,.wP z 
\olloiP 2 
WWP ;> 

W I'IP ' 
,.;..,;p ;' 
lo;WP 2 
w..JP 2 
W~·iP 2 
•,.\·JP ~ 

w ... p 2 
··•.•P ? 
hWP 2 
loo WP 2 
WwP 2 
\ooWP 2 
w•,;P ') 
II..IP 2 
w ... P 2 
II WP 2 
\ol\oiP 2 
wWP 2 
· .. wP 2 
',·d.JP 2 

T A~.-Li: C·3 

!= • T • P 'J M " .J F r : E L" P sf J T I i·E c F ~ c :... '-' ·, o: .' Y F ~ c •.; L H s 1 P u H P Hi.; ·~ i· 
rl n ° :-J 1J • 3 ( ? U t-~ P C F F .IT 0 tJ : 0 G , 3 .,, A r~ C. rl b l 'l ) 

iO. T. P•nP r.'l: ~ LAPSELi T l •"'E GF ·.;\- r' :,L. 3 ?IH-·F ii • .:; 
(PU.\4° JN .IT Od:J;:, 5 'li.FO.:rt 1'!79) 

wAT!:R L:O'/~L: ;<.[•\DINGS FRGt~ STFEL ~Jf\~tYU~'S l.'.f'c .HT:.Cf•l::~ 

T'J ELECTr<lC "AH:i<. Lt:VEL S0ui.CEr. 

::: • T • 
;'•JM? 

I' Ff 
( ~ [i'~. ) 

1 71 •) 
1712 
1 71 5 
!flOC 
130 5 
H7l 
1'374 
19!'0 
19 g 7 
2 )C' 

21Q4 
222 2 
2lf>1 
2316 
22?11 
2424 
24A I 
2:.6 2 
z 46 3 
2 55 5 
2 55h 
2 5'i 'J 
2. '>·•) 
2 .,.:. 1 
713S 
2 7J 7 
2 'H· 1 
2 ,,., 7 
2 -11 1 
2 H 1 
2 '17 2 
2874 
2 'l 75 
2 3? 7 
2 390 

2395 
2Qf') ) 
2905 
2 Q t•) 
2 ~1 1 

WATt:~ 

u:v~L 
(FE [ T) 

7:'."!5 
72.91 
72. H 
72. 7 ·) 
72. 6; 
72.51 
72.51 
72.2 4 

72.25 
71. Q7 
7l,H 
71.6 1 
71. (> l 
71.35 
71.3 3 
71. ')'.. 
70. 1 'i 
7'),"!3 
71. 'I 1 
7) ."9 
71. ,, 1 
7(). ,, 7 
7). '+ 3 
7•), ~ J 
7), 19 
7'). 1 7 
6 "l. ''1 ~ 
69,'17 
6'1. 17 
69. '16 
69. <6 
o~.c;6 

6q. 9 r, 
69. 'l3 
69.91 
69,92 
'>9. 9 1 
7 .J. )() 
6'l. d'l 
I)Cf.:;7 

WELL 
NAME 

llwP 2 
1ft't1P 2 
\o.WP Z 
l'loiP 2 
\iWP 2 
l•wP 2 
1\WP 2 
1-t\oiP 2 
loi\OP 2 
·,.wP z 
wWP 2 
loiWP 2 
WWP 2 
WlftP 2 
wWP 2 
WWP 2 
WWP 2 
\i\IP 2 
WWP 2 
\iWP 2 
\iWP 2 
WWP 2 
-.wP 2. 
1\WP ;' 
\<WP 2 
'lfi'IP 2 
wWP 2 
\o/WP 2 
P.WP 2 
WWP 2 
\o/WP 2 
\iwP 2 
\o/WP 2 
liWP 2 
\iWP 2 
WWP 2 
W\JP 2 
wWP 2 
lo,'lo,'D 2 
wWP 2 
lotWP 2 
'IIWP 2 
wwP 2 
WWP 2 
WWP 2 

E. T. 
PUMP 
ON 
I·~ IN. I 

') 

l 
2 
3 
'5 
6 
7 
R,5 
9.5 

12 
13 
14 
1 5 
16 
1 6. 8 
1 7. 5 
1 8. 3 
2').3 
2 l. 3 
n.' 
23 
24 
26 
27 
2 8. 2 
29 
.? -;.a 
'2 
3 3 
34 
3'5 
36 
37 
39 
39 
44.5 
45.5 
4 7. 5 
5 l 
52 
53.5 
54.5 
56.5 
5Q.5 
'>1.5 

157 

wAHR 
LEVEL 
I FEET) 

69.87 
69.88 
69.30 
6Q,fl'i 
69.83 
69.88 
69 •. 19 
69,R9 
69,89 
69.82 
69. 'l1 
6 9, 38 
69.88 
69.90 
69.9) 
69,9:) 
69,90 
61.?1 
69.92 
69.92 
69.92 
o9.92 
69. 'f3 
f:,0,9<t 

69.6 9 
69,95 
69.95 
69,96 
6 9. 9 3 
69,97 
69.97 
69.98 
69,98 
~9.98 

6~.9° 

7 (),!) 1 
70.03 
70.01 
71.04 
7:1. 06 
70.07 
1 o. ')7 

70.0R 
711,()9 
7 ). 10 

"';::L L 
f;A ,.._•c 

,,l~lp :"' 
·,.wP ., 
,..,.JWP ., 

W .<P :' 

\<1\P 2 
t .. \·ID .., 

Y.1W p ? 
WWP 2 
WWP 2 
~~~. p 2 
WWP 2 
1-i.,.P 2 
lt<WP 2 
ri\OP 2 
WWP 2 
\iWP 2 
loi'I'IP 2 
\iWP 2 
\•WP 2 
w ,;p 2 
\oiWP 2 
WWP 2 
WWP 2 
WWP 2 
WWP 2 
wwP 2 
wwP 2 
W'.oiP 2 
w,..p 2 
WWP 2 
WWP 2 
"'·'p :> 
wWP 2 
V. 'liP 2 
WWP 2 
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...... p 2 
WWP 2 
W'.-/P 7 
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w .. P 2 

[0 • T • 

;:"""" 
r " ., 
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63.5 
6'5 
7 ') 

74 
17 
R l 
33.5 
85 
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93 
9b 
98 

1 I) 0 
102 
1Cl4 
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1'J8 
llO 
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ll6 
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12 4 
12 ~ 
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7), f;,J 
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70.30 
70. 8 5 
70 •. ~A 
70 •. o ~ 
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11. 0'3 
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1,. N p ·~ 

Wl> 0 4 
1- 1 \./P 4 

\.;1-JP 4 

WWP 4 
wW r '• 
r"'t!D 4 
~-,,.p 4 

II ':·1 n It 

.(4 ·~ p {. 

1- '.-iP '• 
1/ l.J~ '• 

~ • T • 
PIJ"' p 

'JFF 

( '·I I ~- . ) 

2911 
z 911 

E'. T • 
? I!"' p 

C~J 

( '1!'1.) 

• 4 
• ::> 

1 .I) 
1.3 
1.5 
l.O 
2. 1 
2.4 
2.6 
2.9 
3.11 
3.2 
3. e 
4.0 
4.2 
4.4 
4.5 
4.7 
4.C'l 
5.2 
5.3 
'5.(, 
6.0 
6.3 
6.5 
6.9 
7,4 
7.8 
8.3 
3 ._9 
9,5 

l '). 1 
10. p 

1 1. 6 
1 2. 1 
12.6 
l 3. 1 
13.6 
14. 1 
14.6 
1 '5. 1 
1 5. 6 
1 f.. 1 
16.6 
1 7. 1 
l 7. 6 
1 R 
1 l 
2) 
2 t 
?2 
2 l 
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·~ ..:_ T::: ~ 
LeVEL 
(F''t:Tl 

1 'l. 5 g 
lil.59 

·~liTER 

LEVEL 
(FEET l 

18.'59 
13.59 
19.59 
1 9. 59 
l'l.S'J 
19. 6·J 
1 fl. 61 
1fl.61 
1~.62 
13.62 
1'3.63 
18.63 
13.64 
18.64 
18.65 
18.6 6 
18.68 
1 q. 7 ') 

18.71 
13.71 
13.72 
18. 7 2 
1 '!. 74 
18.75 
18.77 
13.79 
19.80 
tA.q2 
18.94 
18.81) 
1A.fl9 
1'3.92 
1 g. 9 <:; 

13. 'rd 
19.00 
19.02 
19.04 
19.06 
1 9. c)R 

19.10 
19. 12 
19. 14 
t -.. 16 
19. l'l 
19.2() 
19.22 
1 'l. 2 4 
19.ZE 
19.31 
19. 3 4 
1 9. 3 r 
lq.4l 
}'J.It1 1 

l'··'••l 

,_, rL l 
~: .\.') F 

',o/WP 4 

'" WP '• 
WWP t• 

~--~p 4 
'lwltiP 4 

'IIWP 4 
'~'·IP 4 
1•• WP 4 
'riWP 4 
',J\-IP 4 
'fi !.-JP ~~ 

''"· \o'P 4 
•.Jwo '• 
,.,wp 4 

'IIWP 4 
I.WP 4 
lo.WP 4 
\J'-!P 4 

~I:.IP 4 

11\oJP '• 
w;.,P 4 
\o/WP 4 
0/WP 4 
WfiD 4 
wwP 4 
I< WP t, 

lolltJP t, 

~oii,1 P 4 
.. wP 4 
W\'P 4 
wlo'P 4 
ll't/P '• 
f.l~-iP 4 

\o.~'P 4 

1-WP 4 

1-'WP 4 
·,,wp 4 
.,, .. p 4 

',.j;,JD 4 

,, ~J(") 4 
ww? 4 
\o!>:D 4 
WWP 4 
\>,'o"P 4 
·-·~p 4 

'r!~·iP 4 
l,.;lo/P 4 
·.-.:~ .. p 4 

'tfWP 1t 

'•WP 4 

~r-·•;p 4 

WWP '• 
,;'-'IP 4 

I< WP 't 

,..,,,.JP 4 

WWP I. 
'r· \·10 It 

!,..,'~P , .. 

l,''rlfl '• 

~ • T • 
P U.'l P 

1.'1 

( '1! ~-. ) 

2~ 

27 
2~ 

29 
3 0. I 
3 1 
32 
33 
3 5 
37 
39 
4 1 
43 
4~ 

53 
'58 
f:>3 
73 
78 
il3 
83 
03 
93 

10 9 
11 g 
1?.8 
13 8 
15 8 
lB 
19A 
218 
23 ;l 
259 
?1 9 
2'7 q 

3\q 
13 'l 
3~8 

37 3 
19-'! 
~ 1 q 
1• 3 3 
4" 3 
<-t7B 

"'' il 577 
64 5 
712 
706 
~61 

)3() 

1)13 
t 17 4 
114 ·+ 
114ft 
1?.21 
1302 
1 '•0 7 
l'•Z 1 
l -. { ·.~ 

)'.',•) 

II I ""
1 

l V I 

c 10 r 1 

1 9, 52 
19.5'5 
19 ,/i •) 
t9.o3 
19.6(:, 
19.7:) 
19.7 4 
l'J.70 
19. R <; 
1'-l.n 
10,9<) 
2 o. J5 
2•1. 12 
2'1.29 
2 '). 4 ~ 
20.5'3 
20.7'1 
2n.'l'3 
21. )4 
2 t. 14 
21.2 4 
21.33 
2 1 • :. ') 
?1.57 
21.73 
2 t. q) 

22.:Ji3 
22.19 
22.69 
23.03 
23.2 i3 
23.'5S 
23.q('\ 
2 4. ')6 
24.:>9 
24.'52 
2'+.75 

24. ""' 
25.24 
25.4 7 
25. 7 '1 
2 5. -~ 1 
Zli. 13 
26.32 
2'>.61 
27.32 
27.'"~? 

zq. 4·J 
29.13 
29.);> 
2 9. }/) 
30. 1 r 
VI. 1'i 
30.62 
3 o. !}? 

3}. ~2 
3 1. 1 ; 
'3 1 • 'i 'i 
3 1, A,') 

"3 l . f. ) 

II., .. , 



'· '.· L L ·. '\ '.\~ 

'· ::. L '-
'~ t .. v ...-

j ... p r: 

,. '.JP " 

'·· t .. p ') 
1'1 ·., c- r 

'f'j .·~ p c 

',.;'.1'"' ... 

~ .. , ; 

'n'',-!0 :; 

!,1' !D =) 

'ri'·J" ') 
V..\'4P c:-

'-t''.;J ::; 
~,.;•,.. ~ c; 

\, ... ~ c:: 

• '.lp c; 
1.\>P " 

't!'.JP C::· 

'·:\·iD c: 

'· '-.~ p I) 

' .. ~L L 

'L\ ""' 

(', ... , 0 t:: 
t'j ·,.,~r .; 

,..·,..p c:: 

'.-.I.IP '\ 
r. .~ P e 

;,n .. 1P l 

1-·'~P 5 
'(i'..j p r:: 
·,.,,p c; 

""'" c; 
1'4 ,...p '3 
.,., p '5 
' .. ::,.,p 5 
..:wp 5 
,,·,ip 'i 

t~',.JP r: 

~·w " 
.,,.,., 'i 

. I>P :; 

c ~ . ' . 
('I! '1.) 

c • T • 
y I \A~) 

GFr 
! ·~ I : J. l 

1 58 7 
1 'i•} q 
l 7':' '+ 
~ 7 5? 
1, 31 
1 jQ c; 
7.)2·1 
2 '12 1 
?141 
2 25 '5 
2 "4 '5 
?!--.&;() 

2 ,.n 9 
2'i8h 
zc;e-7 
2':>74 
2'>75 
:' 7'16 

2 '15 t 
ZRI:> 5 
2 Jc l 
2 3<'1 '5 
2 )()) 
2"~1) '5 
2"'1 1 •) 
2 g 1 1 

F' • T • 
P 1 1"1 => 

.~ 'J 

! ~I r>< • l 

3 
4.5 
5.5 , 
7 
3 
9 

1 ! 
1 1 
12 
l 3 
l It 
15 
17 
11 
2) 

?" 
~~ 

,;,n "· 
L~lf L 
( ::F T) 

32.'+') 
) 2 •• ~ 

1 t.T cD 

LEV C:L 
( F~ ~ T l 

'\,9'1 

~. 9'• 
3. 3 5 
"3. 9: 
3.7"' 
~.71 

3.(.:'3 
3.6" 
3 • .Sl 
O,.'i) 
3.41) ., . :. ) 

3.1':> 
3. 2 7 
3. 27 
'3. 2) 
3. 1 ' 
~. 1 ') 
3. '::' 
3. 14 

'3. l 3 
'\,)2 

'3. )2 

3.~z 

3. l? 

•ATe« 
L :0'/ EL 
{ F" ~ T) 

2. ·; ·'· 
2. l Q 

? • rj 7 
?. • q 7 
z.g7 
2.16 
2.96 
?.CJS 
2. ~ '~ 
2.?4 
2. g ! ... 

2. '1 
2. n 
2.13 
2.'13 
2 •.• '3 
2. <; 3 
2. q 3 

'·l'tiP '5 
~"'P 5 
1'\.P 5 
'.-J'·JP '3 
1-WP 5 
>:wP 5 
Wt..;P "i 
.,..,p '3 

'.-J'iP " 
HJP 5 
o,.wp s 
. ..,.,.,p 5 

wWP 5 

loi'.JP c; 

wWP 'i 
W>IP 5 
""'p c; 
W'riP ':' 

·~wP c:; 

'A'I'iP 5 
'.IWP 'i 

w'•P 5 
W'~P 5 
WWP 5 
\,WP 5 
'"'oiP 5 
\oiWP 5 
•,.:wP 5 
wi'P 5 

I<WP r: ,,.p 5 

wWP 5 
w:•::~ s 
\>I~!P 'i 

\oiWP 'i 
h',jP 'i 
In \.JP 5 
..... p :; 
\.1 y.:p 'S 

""'p 5 
wWP 5 
t,.<,.Jp 5 
~>•WP 5 
wWP 5 
II.WP 'i 
Wlo!P 5 
wwp s 
W\~P 'S 
WWP 'i 
WWP 5 
OI'.~P <; 

\\'iiP '5 
wWP '5 
\o'WP " 
WviP 5 
o<'.oiP 5 
WWP 5 
ww=> 5 
•:\.;D c; 

WWP 5 
"\-iP 'i 

c -'- .l • 

2"1 
10 
3 5 
v. 
37 
41) 

4 1 
~2 

43 
44 
45 
46 
47 
43 
4Q 
5 ') 
51 
53 
62 
F.3 
66 
7 3 
74 
76 
77 
~I) 

~It 

R5 
qq 

89 

91', 
<n 
9R 

10 .) 
101 
1J4 
10 2 
11 Q 

1 1 q 
14 8 
1'i'l 
1 !< 3 
16'3 
~J ~ 

243 
271 
11 ~ 
33 a 
348 
38'~ 

403 
413 
+6 3 
;, 7 d 
,.o; 
52 3 
53 R 
61) 
674 
?2 3 
]3') 

'lS'1 

159 

tJ 1\T r:~ 

L~ '!" L 
(cCC:T) 

7. 36 
2. 3? 
2.d3 
2.~3 

2. 7 6 
2. 7l 
2.118 
2.63 
? • 6·) 
2.5~ 

2.55 
2.<;? 
z.c:;z 
2.4"l 
2.48 
2.47 
2 • 1+ 5 
2.44 
2. + l 
2. 41,) 

2. 39 
2.34 
2.38 
?..38 
2. 37 
2.36 
2.36 
2.35 
2.35 
2.34 

2.34 
2. 3 3 
~.32 

2. 31 
2.30 
2.29 
2.29 
2. 2., 
2. 27 
2. ?.1 
2. 27 
2. 2., 
2.26 
2.?'5 
2.2'5 
2. 2 'i 
2. 2 7 

2.2<'1 
?.2"l 
2. 3 2 
2.33 
2.32 
2.16 
2.37 
2.41 
?.3<'1 
2.'3Q 
2.40 
2.41 
2.45 
~.-+<1 

2.'55 

'~tELL 

NAi~E 

·.,.:1.-JP c:;' 

\-;l,jp 5 
"iiP 5 
;. >IP 5 
I ... ,~IP 5 
'"l-IP c; 

v"-<P c; 

~ ... '"' p Cj 

\o!WP 6 

\<WP 6 
>"l'r/P ~· 
lo/WP .;., 
1-1\IP f, ,.,.p 6 

W\-IP 'o 
W\>OP IS 
WWP A 
WWP 6 
WWP f 
'riWP 6 
1-WP 6 
wWP r-, 

W .. iP 6 
"'r:P f~ 
l-iWD A 
..... p 6 
;..>,P '> 
v:wo 6 
\.JWP '> 
\.'\>IP 'o 

\~WP " 
•. "p f, 

\><1-'P f 

1<\.:P 6 
~:.JD f, 

1-'WP 6 
1riWP 6 
\ol ~., o r, 
\-lr/P I', 

ll:wP 6 
\> 'I'IP f, 

',·:ElL 
~i ~<·1F 

Vi '.<P r-, 
\\ WP 'J 
\>'lo.'P f:, 

·,;wP !, 

ww p 'J 

1-. ~o:<> ., 

<= • T • 
PIJM? 

c 'l 
( "1 'J. I 

96 'I 
l •)4 d 
11 '4 
117 R 
12 5 1 
l 3 ~ ':> 
137-+ 
1'5'5>3 
1636 
1'308 

r: • T • 
PIJIA p 

CFF 
{~IN. l 

l'i57 
1 7;> c; 

1316 
1116 
1381 
19'l7 
2ll'i 
2 23 'j 
217) 
2'+3 6 
2475 
2 566 
2 'it- 3 
2652 

2 ')54 

2 "" 'l 
?.7'.4 
2 '~50 
2659 
274 .. 
285) 
2%5 
288 •1 
;> 9q l 

.: 'ir; c:; 

2 ~~) ·) 
2 1')'3 
2 91'1 5 
2 9·) 5 
?9·1 ~ 
2'H) 
2 92 '5 
? g 1 1 

E: • T • 
P 1 , ... ~ D 

rJ'j 
( '~ I rl • l 

·). c. 
1.1 
2.0 
3.'1 
.:.. • 1} 

"·0 

W \f:OD 
L~VEL 

(Ff'dl 

2. '5., 
?.S! 
? • 6 5 
2. 6 7 

2. 71 
2.7'3 
2. 9' 
?..·n 
?.tl7 
~. 1 ?-

w \T ~!:' 

LFV:CL 
(l=t=t:Tl 

3.'H 
3. i! '3 
'3. 7 '3 
3.71 
3. 71 
3. 7.') 

'3. 5 '3 
?'-.41, 
3.4., 
'. 3 ,, 
3.3f-
3.22 
3.? 2 
3. 11 
1. 1 Q 

1. 1 7 

3. 12 
3. l 1 
1. l 7 
3. 1 3 
1. t 1 
'I. ) ., 

3. 2 p 

... .71 
3. 2 7 

'. c; ) 
3. 5, 
3. 5 ) 
3.27 
"'.e;~ 
3. 5 .) 
3. ~ ' 
3. 5 ) 

.,. n~~ 
u=vcL 
{ F"' ': T l 

., • ':i 1) 

3. 5 l 
'I, 5., 
3. 52 
~. 5' 
3. 52 



\· WP f.. 

i.t>JP f.... 

""~,.,p ~ 

V.'v'J: /, 

"'',Jp f 
l.,.j\,\P I) 

t.VjP f. 

• "? ·'o 
\• '·JP IJ 

I ~. p I· 

·..,•,.,P 6 
',.11,.1 p f. 

\-.':1» fo 
,, wP h 

1,-1 ~? ;., 
v ,, p f. 

'..!'•'P 6 
, .. 'rJP A 
·..,'tiP ':o 
\.JI..jO .s 
·, \-~ p {) 

1,-.''NP t;; 

~'J I.J p (.. 

\·'\·IP h 

1-''.JP 6 

•,, ., p 6 

(. \•IP 6 
'.-;I . .J p ':o 

'tH·I P !J 

w• ... ? 6 
\-. w? ~· 

"'yP f. 

wWP 6 
W'..IP 6 
WWP 6 
r.wP t 
lo<WP 6 
.... ,p f.; 

~owP 6 
r~ "'p ;.., 
\-1\oiP f, 

1.\;P 6 

1-IWP 6 
',;loP 6 
lolloiP 6 
wwo 6 
WWP 6 
,..~o.p 6 
....... p 6 
WWP 6 
wwP 6 
1-iWP 6 
wWP 6 
wWD 6 

\-IWP 6 
WWP '> 
WWP 6 
I'WP 6 
~.,;p 6 
WWP 6 
WWP 6 

E. T. 
P'.J.'·1 P 
O'J 
( H'l. I 

6. 0 
7. ,l 
~.0 

'. t> 
1 ) • 0 
11.() 
1 2. n 
1 3 • I) 
1 4 
1 "i 
16 
17 
1 8 
19 

25 
JO 
4·) 

4& 
'53 
r:;q 
73 
89 
C2 

103 
1 1 'l 
111 
11 ~ 
1 3 3 
13 8 
14 e 
17 S 

203 
221 
233 
25 3 
263 
2'7 6 
32 A 
348 
35 g 
38 a 
4111'! 

41P 
433 
44 g 
464 
:.73 
'i24 
<;q 1 
659 
101 
313 
37'3 
947 

1 ·)3 3 
109 2 
1161 
1242 
132 3 
1393 

1,.\T:OR 
LEVEL 
(FEfTI 

3.7~ 

3.52 
3.52 
3.52 
3.'5? 
3.52 
3.52 
3.52 
3.52 
3.52 
3.52 
1. 52 
"'.52 
3.52 
3.52 
3.52 
3.52 
-:'.52 
3.52 
3.52 
3.52 
3. ~? 
3.52 
3."i2 
3.22 
3. 52 
3. 22 
3. 5? 
3.22 
3. 52 
3. 2 t 
3. 20 

3.19 
3. 1 '3 
3. 1 3 
3.17 
3. 13 
3. 1 ~ 
3. 1 3 
3. t ::l 
3. 1 9 
3. t 'j 

3. 2) 
3. 2 0 
3. 2·:l 
3.20 
3.21 
3.22 
3. 2 3 
3.23 
3. 24 
3.25 
3.27 
3.27 
3. 31 
3. 3 5 
3. 1 '3 
3.39 
3.44 
3.46 
3. 51 

T4olE C-3(c.:;,•<•T.I 

WWP 6 
WWP 6 
WWP 6 
WWP 6 

WELL 
NAME 

r,;.;p 7 
WWP 7 
WWP 7 
WWP 7 
looloiP 7 

WWP 1 
WWP 7 
WWP 7 
WWP 7 
WWP 7 
wWP 1 
WWP 7 
'oiWP 7 
WWP 7 
WWP 7 
WWP 1 
WWP 1 
WWP 7 
WWP 7 
loWP 7 
WWP 7 
WWP 7 
\lfjP 7 
WWP 1 
W\-IP 7 
wwo 7 
1-nvP 7 
;.. •1P 7 
lo.'.IP 7 

•· ELL 
'11\4': 

... , p 7 

hWP 7 
"''~! ;:> 7 
\o,I • .JP 7 
v-.t:'P 7 
•.-wo 7 
··•,tp 7 

WI'P 7 
tif.I'P 7 

w;.;P 7 
oli.JP 7 
j.Jt,;p 7 

wWP 7 
WWP 7 
Wl.JD 7 

~ WP 7 

E. T. 
PUMP 

( '1 I 'J • l 

154 7 
1o4'l 
1672 
178 4 

E • T. 
P'J~ P 
OFF 
( '1 I 'J • l 

157 2 
1573 
173 7 
1738 
173 9 
1 82 6 
189 0 
1952 
1 ~54 
2 )71 
2179 
2275 
23A2 
2423 
2513 
2 57 5 
2578 
2665 
2666 
2751 
284 7 
2861 
2 96 7 
289 "i 
2909 
2 91!) 
291'1.5 
2 911 
2911.5 

':: • T • 
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Q,'J 
(·~IN. l 
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'). 5 
1 • i'1 

1.3 
1. 5 
1.8 
2.11 
z. 5 
2.8 
3.') 
3.2 
3. 5 
3.7 
4.n 
4.2 
4.5 
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\"'AT'=~ 
LEVEL 
(F:O:ETI 

3.61 
3.56 
3.56 
3.59 

WAT El< 
LEVEL 
(FEET I 

11. 6 5 
11.64 
11.05 
11.:l9 
1 1 • 1 0 
1 o. 3 7 
1). 7 2 
1').49 
10.46 
l •). 2 J 
9.96 
9.78 
9. 58 
').43 
9.32 
9. 3 0 
9.28 
9.)8 
7.07 
n.9l 
8.74 
e.74 
9.66 
3.64 
8.H 
8.64' 

8. 6 1
• 

8.">'1 
8.70 

'• AT EP 
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(Fi=ETI 

l:::t.6'1 

'l.'>5 
'3.6:. 
1'1.64 
8.&4 
fl;67 
R.&5 
8.65 
'3. 6 f, 

q.66 
'l. 7 ') 
'l.65 
.3.72 
~. 77 

'· 73 a.n 

\oiELL 
NAME 

\iWD 7 
;,•,;P 7 

'•'.JP 7 
!·'\oiP 7 

WWP 
WIIP 7 
wwP 7 

\-!WP 7 
W ..JP 7 

1-.'·'P 7 
).,•.-JP 7 
1-!lo/P 7 
W'.-iP 7 
\lloiP 7 

I"WP 7 

"''-IP 7 
Y.WP "' 
1.1'.-JP 7 
w•,.P 7 
I'WP 7 
<il.iP 7 
\.·\JP 7 

LWP 7 
1-:'NP 7 

WWP 7 
\1\·IP 7 
WWP 7 
;.;\oiP 7 
W',.JD 7 
wi.'P 7 
\·" . .JP 7 

!.-I'HP 7 
wWP 7 
WWP 7 
\.hlP 7 

~o~wp 7 
W\oiP 7 
WWP 7 

lo'l-'f' 7 
~.o.'rfP "7 

hWP 7 
WWP 7 
,.wp 7 
\-'1\P 7 

w\.P 7 
w•.•P 1 
\o WP 7 
\"'NP 7 
\HYP 7 
\o.loiP 7 
j;\-JP 7 

'tiiNP 7 
\•WD 7 

I'WP 7 
\. \o 1P 7 
~..-o 7 
1-iWP 7 

'""'HP 7 
~~l,oiP 7 

't•WP 7 
ltJWD 7 

E. T. 
P'JI~ P 
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(·~IN. I 

4.7 
5.11 
"i.2 
'5. 5 
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6 • .) 
6.1 
6.5 
6. 'l 
7.0 
7.3 
7. 5 
7. p 
11. "\ 
~.3 

8."i 
3.fl 
9.'1 
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t 1 
1 2 
1 3 
1 4 
1 5 
I-, 
1 7 
l 8 
19 
20 
2 1 
22 
23 
24 
25 
?'> 

27 
2fl 
29 
3'1 
3 1 
32 
33 
34 
'] 5 
3 6 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
4-:l 

50 
5 1 
52 
5'3 

WHER. 
lEVEL 
(F.,fT) 

~. 71 
~.74 

'l.74 
3.74 
fl. A 7 
9. 6 7 
1'1.69 
1.69 
'l. 6 q 

'1.6C 
Q. 6 '1 

9. ·'> '1 
~.69 
'3.7'; 

p. 7 '5 
6. & ;~ 
~.1)'1 

Q. 6 7 
'1.6:; 
'L7/ 
8. 71 
.'J. 7 3 
'l. 7, 
8. 7) 

~.74 

8.71 
:'1.74 
"l.75 
'3.71. 
'1.7~ 

">.72 

'· 75 8.7r:; 
>l. 71 
'3.78 
'3.7~ 

-3. 31 
9. 7l 
«.71 
q. 7 1 
R. 71 
~. 7? 

'· 7 2 
'3.74 
8. 73 
'!.74 
~.74 

a. 7 1• 

8.7>, 
'l. 77 
P. 77 
il. 77 
3.78 
8.73 
'1.81 
'3.21 
'l.fll 
~ .. ~ l 
>3.31 
<l.82 
:l. 'il 
'3. 8 5 



•..,!= LL 
~;~~'·IF 

, .... ~"'· p 7 

(' · • .J 1 
,, ::> 7 

·,, ~:;:;, 7 

',.~ ~ fJ ., 

'.'t p 7 

't '· p 7 

: .• ,, j) 7 
·, ,.n 7 

... wr 1 

~-: 0 

'···.:o .., 

>. ,,.~r 7 
.., .• r 

"• .. , r 7 
\r',;P 7 

~···.: r ~ 

...... p 

\-. ~p 

v '.,P -:o 

1-i..'D 7 
1
0
, l,ol) 7 

·.~ vtD 7 

.-i:·iP 7 

.,,l.:p 7 
~ . ..,L-'~ ~ 

~--~·,..;:> 7 
;;~.;P 7 
,. >JP 7 

~ i.JP 7 
,,., p 7 

1-.WP 7 

I· .J t"l 7 
~ \ D 7 

•' {. p ! 
,.. ~. ,J 7 

I· •.-; p 7 

'i' D 7 
.. I,.,P 7 

\,II.JP ~ 

\.••,,p 
'.~'·iP -, 

•,. ·.-~r 7 

,., ',.;P 7 
~ .. : ':' D 4J 

'.- ',·.'r 1 

~·.I; p 7 
\· hP 7 
1.- '.-IP 7 

!r.\-'P 7 

,.·~-;p 7 

,, .,. p 7 

r, .~ D 7 

'.· '· p ., 
I. <P 7 

':: • T • 
?U'-' p 
u'J 

1-HN.l 

83 
Mq 

S3 
tr"<; 
1 f) 3 
1 1 1 
ll? 
tlP 
12 '3 
12 8 
L 3 3 
L 3 3 
!41 

1'53 
1 c:; :=3 

l t 3 
Lo J 
17'3 
17R 

18 ~ 
1-~ P, 

19 3 
lGS 
20 3 
2"'-3 
., l 3 
21 -3 
::!2 3 
::!::' 9 
239 
24 8 
2 r; >1 
U3 
2J 3 
32 ~ 
'34 ~ 
1': g 
36 6 
)75 
3.:; 2 
)')3 

'•1 a 
43 6 
458 

/'jH[R 

Lf:V EL 
IFU; Tl 

'3.~2 

'3.32 
8.83 
~. ~c:; 

'1.1~ 

:3. ~4 
:3 • .-36 
~.]5 

~. ·:; :J 

~. ·19 
Q. Q,) 

q. 9·1 
'i. 0-l 

~. 9 l 
~-~7 

'3. '15 
'3.'15 
r~• ()Q 

9.)? 
'1. ·)~ 

I. 1 '1 

9. 12 
9. l ~ 
9. 1 5 
q.1q 

9. 2 2 
Q.2'5 
9. 2 ~ 
9.3'3 
1").38 
9.45 
9.47 
Q. c:) 
1.56 
q. 6·J 
9.~2 

9.6'5 
9.1S'? 
9. n 
9.7'3 
<l.~l 

9.'35 
9. '1) 
C).'n 
9 • .::j') 

1•). •) 2 
1 1. l•') 
1 1. 1 1:1 

10.27 
1J.34 
11.46 
1 n. '32 
11. ·-n 
1 1 • ') ') 
ll. ll 
11. 1 q 

11.22 
ll. 3 ~ 
11. 51 
11.b'5 
11. i4 

T i.2Lc C-3 I Cl.i.' T. l 

wEll 
NAME 

•,: 'liP 7 

.,,'.-Jr 7 
\, wP 7 
·~~··oo~P .., 
'"''·IP 
•. ,., p 7 

1-.'.ooiP 7 
I,.:W~ 7 
~·,..;p 7 

~WP 7 
toJWD 7 
~.·wP 7 
\-i\oojO 7 
11\.JP 7 
~IWP 7 
')'0'\-1~ 7 
\otWP 7 

pr_ll-- 1 
P!~\-! l 
PC\·1 1 
rrw 1 
Pr~ t 
P'Jr. 1 
p 'l',.; l 
Pf"1\.l 1 
DSI·' 
on1-1 1 
P'J\-f 1 
P:::;w 1 
PGW 1 
POW 1 

.,, C'L L 
~J ... M!:: 

E • T. 
P'J~ p 
nN 
( -1.1 IN. l 

48? 
531 
604 
66 7 
72 3 
~2 3 
'3>14 
·~s 1 

1 )4 2 
11:)') 
11 71 
12 5 ,) 
1 3 '3 1 
1 1e? 
1554 
1 79 8 
16 6 ,) 

E. T • 
O'j'-1 p 

OFF 
( . ., I ~1. l 

2 )55 
2 )'57 

2064 
2114 
2Ll"i 
2 345 
24f'll 
240 5 
241) 6 
2412 
2 51 q 

26115 
27')0 
2674 

? qf) g 

E • T • 
PU'-1 P 

rN 
( "q N. I 

27 
35 
47 
60 
62 
f.-,4 
79 
81 
<36 
93 

1"2 
u-; 
12 5 
1? 7 
15 !') 
15., 

161 

'l'iHEt: 
u::v::L 
(FF:ET) 

12. ') 3 
1 2. ":\ 7 
12. :~ 8 
13.29 
13.66 
14.?:> 
14.61) 
14. q 7 
15. 3 5 
1 5. '3 3 
15.1:37 
1 A. 1 5 
t 6. ~ J 
16.1)4 
16.99 
17.62 
l 7. 3 1) 

.ooiAT ::R 
LEVEL 
(F~ETI 

25.55 
25 •. )2 
25.')2 
24.93 
24.9 3 
24.9? 
2 1+. '12 
24.Q2 
24.92 
?4. g 5 
24.7 7 

z.:.-.61 
24.3R 
24.·17 

24.-15 

.,. AT t:'< 
u:vEL 
I FEr:: TJ 

24.•)6 
24.J4 
2 1+. ) 4 
24.06 
24.•15 
24.)5 
24. ') 7 
2 4. ;} 8 
24.,)6 
24.:JS 
24.J:3 
24 • .)Q 

24. y; 
24. l 1 
24.12 
2 4. 1'~ 

w [Ll 
~lAME 

o C".~ 
Pi'W 

P!}\. 
P()\-; 

Pml 
r ilt,; 
DflW 
pr;~,o~ 

DfJ',..J 

Pl]l.i 

DOW l 
P')h l 
orw 1 
PIJ¥1 1 
PIJW 1 
PCw 1 
PC~' 1 
Pf'W 1 
p ']\or 1 
pnt,; 1 
PQI,./ 1 
Pf'1\o 1 
PCW 1 

PIJW ? 
Pr'N 2 

PIJh 2 
P')W ? 
prJ\ol 2 
P()'IJ 2 
POW 2 
PIJW ., 

PO¥- 2 
PC'W 2 

on~· '­
f.H~\"1 ? 
PSI-· 2 
PfJ\o.' 2 
Pf'I'.J ? 
Pr:w 2 
c:o~ ? 

E. T. 
P'JM o 
(J·\j 

( .., J ~J. ) 

15 5 
16 5 
16 7 
173 
un 
t q 1 
192 
21') 3 
204 
220 
23) 
zn') 

2° 2 
32 2 
.32 3 
'1,£:; 2 
3'5 3 
334 
3P '5 
;os 
4·17 
54 2 
4-7d 
41\·" 
50~ 

50 9 
')40 

542 
5B 2 
75 4 

146 7 

E. T. 
P'.l'-' p 

OFF 

' "~ r ~J. > 

21)5 
210 7 

2335 
2 3° '? 
2 <'t6l 

2 52~ 
2613 
2 70~ 
23~'3 

2 qll 

E. T • 
p 'j'~ p 

r: 'J 
( ·~I ~~ • J 

1 3 
2 -~ 
3R 
43 
4P, 

59 
64 

'l'fH ii. 
L cV l 
IF': T l 

;_: 4. l ') 
2 1t. l 1 
2 4. l ~ 
2 4. 12. 
2 't. l l 
'? 1+. 12 
2 '•. l 2 
?. 4. l 3 
2 ~. 12 
24.12 
?4.11 
2..:... l 1 
:?. 4. l 1 
24. 1 ) 
2:.. l 1 

2 4. l } 
2 4. 1 ') 
2 4. 1 l 
24.1 l 
24. 12 
2 4-. 1 1 
24. 12 
2 4. 1 3 
24. 1 3 
24.15 
2 ~. l c; 
24.17 
24.19 
24.2 3 
?.4. 1•4 
23.~.:.. 

'.-J-HE~ 

LEVCL 
( F c: T) 

57.-~ 3 
5 p. 1 l 

5 ~. l ') 
5 ~. 1; 
S7.l75 
57.77 
57.'i3 
57.! 4 

Sf, •. ~ 5 
5f:l. 0 4 

l-IlT~::: 

L c'' EL 
(CF[T) 

56. ·36 
'36. ~; ~ 
56.'37 
5':>.1? 
56. a·) 

56.1~ 

SS.13 



L~;-:LC: C-3 : ccr.' T. 1 

t. T. 
r. ELL P'J'-1 p \'I T Ek 
~JA~·lE o~J L VEL 

I ·~I 'J. l ( !:ETl 

;>n~o 2 71 ?6. ~4 
::l'·l~' 7 11:) 56.95 
pr:,; ? c, f. 5S.96 
rr 1r· , '13 56.97 L 

or~o 
., 1:!4 56.93 

PC", I:• ? .212 57. 13 
Pr,.; .., 

23 '3 57. 14 '-

r ('""'" , 
26 3 57.14 <-

DC\-1 2 2P3 57.14 
r:-r\.J ., 

11 3 ?7.12 (. 

P'"''l' ?. 34 3 57.J·~ 

P'l 1r: ? 373 57.')4 
PC'W 

, 3d9 '57.02 
:>r.w ., 4lq c; 7. )6 
Pnw 2 444 57.)5 
Pt_;\o, 2 '+8 3 ') 7. ')Q 

D'J\•; 2 '508 57.0~ 
D(1t, .2 53 8 57.12 
DiJ'~ 2 "jQ l 57."l5 
rcw ., 7A 3 57.6q 
p,,,, 2 1454 56.99 
:)'1\ol , 

1 1+ '56 56.99 
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TAt!Lt: C-4 

!, .;; I JI F ED F s T . ; ,) • '5 : T I ·A E ' ... ~ Tl ;;.. U: If t L ) A T A ' MIL E X H.:. p c.: L:. T E [) K E c c v E F y 
T~EN~S uF ~~P r~. 1 ~ELL* 

* Ci ~ T A G I V U; W U N IT S C F :~ H U E S Ml f) F C: E T 

E.T. O•JMP C:FF: !:L.\PSED TU·1E ~;: FECuVEf.:Y F~C.'-~ LAST P'JI'-IPH;G OF 
w f'4 P N 0. 3 ( P U t•1 P C. F F l; C !:: : 0 0 , 3 t~ A k. L d l 9 7 9 l 

E:.T. DtJ~P ON: ELAPSED TI:·1E LF \·~o<P 'HJ. 3 PUFPING 
tPU~P L~ @ 08:32, 5 MAKLH 1979) 

~~TF~ LEVEL: QEAOINGS F~C~ STEEL SU~VCYC~'S T~rE ATTACHED TG 
t=LECTRIL :,ATH LEVEL SLJI\i::JCR 

'.;'J.UJ.J. D.~.: 'J~JADJUSTEJ Qr;A'.-CO~I'.- ~.ET CHAt'-tGE Cf \-.~\TEl' LEVEL 
SINCE PU"'.PI~JG STARTED 

T~[~!!l 1: WAf~F. LEVELS ArlO CRA'..OChNS U-LCULATED F9.CI<\ THE L~TE 
Tt~E A~TlCEOP!T TI<.ENC L-F RfCCVEFY 

T!:'E'!J ?: wATEf.' LlVELS MW ORAt,..DCHlS CMLCUL..:.TED FFC.., THE E:ARLY 
A"'JTECEJE~n HEI,Q lF FE:CGVERY 

E. T • wATER 
PU~P L£VEL 
CFF 

WWP 1 14'3 q 29.<;4 
1-<WP l 1·+0 1) 29.<;3 
f.',oJP 1 l4S2 29.92 
w._;P 1 1491 29.90 
'.-JWP 1 1 oA4 29.36 
lo',.JP l l6d 5 29.36 
l.lwP 1 178 3 29.11 
WWP 1 1'15'5 25.94 
H•IP l 1 'J4 7 2b.75 
1-·WP 1 1050 2f:. 7 3 
1-.\.IP l 1 9'5 '5 2d.71 
r. w" 1 214.:' 28.50 
t,..'t,IP 1 21~J ze .1 o 
w•.;p 1 2286 27.83 
~~<;P 1 240'> 27.52 
1-IWP l 2.:.35 27.40 
~ .,. p t 2 s 3 l 27.15 
'r!'.JP 1 2!-.2.., 26. 9 1 
l'll.JP 1 2 62 2 0::::6.91 
r<WP 2721 b.-.66 
'.. WP 2 'i6 7 2t.36 
~o•:,rp :::!884 26.34 
w ~p 2 gq <:; 2t.33 
·,.;wp 28"8 26. 32 
~~'riP 2 'jl~ g 2t.31 
:N\oiP 2 91 ) Zc. 31 
"''-IP zqLL 26. 3 2 TH:~•U 1 He ENJ 2 

E. T • [ • l • wATEF u·~A:JJ. CALC. CALC. C .\LC. CALC • 
P'JM!' PIJ'-1P LE '/ E L ;~.c. 1-t~TH o.o. .,._;. TE P .) • 0. 
OFF f""'J LEVEL LeVEL 

~o·~o:P 2g12 0 ;::t. 32 o.oo 26.,5 1).07 Zb.30 o.oz 
v: ·~ p 2"1~ 1 2t...31 -0.01 Zu .2 5 J.O!. 26.30 1) .o 1 

W~P zgt4 7 2t...32 o.nc 26.25 0.07 ?f_.30 ,'). 02 
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TAJLE C-4< CON 'T. ) 

TREND TREND 2 

E.T. E.T. WATER Uf'.ADJ. CALC. CALC. CALC. CALC. 
PUMP PU~P LEVEL D.o. hATER o.o. wATER D.O. 

OFF 0~ LEVEL LEVEL 

WWP 1 2915 3 2c.3L o.oo 2o.25 o.o7 2t.30 •). 02 
!,.·',.. p 1 29lry 4 26.32 ') .L'C 26.24 o.Js 26.Zd 0.04 
~o·•,.;p 1 2917 5 26.34 0.02 26.24 0.10 26.28 0.06 
wt~P 1 2918 b 2t.35 0.03 2tl.2.4 0.11 26.2d O.J7 
1-i\-;P 2'Jl9 7 2t. 3a 0. ,)(:; 26.24 0.14 26.28 '). 1 J 
'.-iWP 2920 8 ~6.39 0.07 26.23 0.16 2.o .2 8 o. 11 
.,.:~p 2 921 9 2L • 41 o.rq 26.23 o.to 26.28 0.13 
wWP 2922 1) 26.44 0. 12 26.22 0.22 26.2 8 J. 16 
'f;WP 2 92 3 1 1 26.45 0.1:: 26.22 0.23 26.28 0.17 
~-;:,. p 2g24 12 2t.49 ,) • 17 26.22 0.27 26.28 J.21 
Y.!',IP 2925 13 2c.52 C.20 26.21 0.31 26.2 7 0.25 
\· WP 2926 14 26.54 0.22 26.21 0.33 26 .27 0.27 
,./lP 2927 15 26.56 0. 2't 26.21 0.35 26.21 J.29 
't;'tJP 2929 17 26.63 0.31 26.21 0.42 26.2 7 0.36 
W110/P 293 1 19 26.68 0.36 26.20 1). 4d 26.2 7 .). 41 
WWP 293 3 21 26.73 0.41 26.20 0. 53 26.2 7 0.46 
I-IWP 2934 22 26.78 0.46 26.20 0.58 2b .2 7 1). 51 
wWP 293 5 23 26.61 0.49 26. 19 0.62 26.27 0.54 
W\oiP l 2 q3"' 24 2o.85 0. 53 26. 19 0.66 26.2 7 0.58 
\--'•IP 1 2<13 8 26 2o.91 0.59 2c:;. 18 0. 73 26.27 0.64 
wwr 1 2939 27 26.9 4 c.(; 2 26.18 0. 76 26.2 7 J.6 7 
WWP 1 2940 213 26.99 o. c 7 26.17 o.a2 26.2 7 0.72 
•,..wP 1 2942 3!) 27.05 0.73 26.17 o.ea 26.27 0.78 
~WP 1 2944 32 27.12 o.eo 2b.17 0.95 26.27 0.85 
'f.'..IP l 2946 34 27.21 0.8C) 26.17 1.04 26 .2. 7 J.94 
, ~~ p l 295 I) 313 27.31 o.oq 26. 15 1. 16 26.2; 1.06 
WI,.,;P 1 2'152. 40 2.7.40 1. 08 26.15 1.25 26.25 1. 15 
\oilo.P 1 2955 41 27.50 1.18 26.14 1.36 26.2 5 1.25 
I<'WP 1 29ry0 48 27.66 1.34 26.13 l. 53 26.24 l. 42 
V.WP 1 2964 '52 27.B1 1.49 2.o.13 1.68 2t: .24 1.57 
WWP 1 2968 56 27.96 1.64 26. 12 l. 84 26.24 1. 72 
WWP 1 2'172 60 26.08 1.71 26.10 1.98 26.24 1.84 
~WP 1 2974 62 2d. 14 1.82 26.10 2.04 26.23 1.90 
rH-IP l 2 q7 B 66 26.28 1.96 26.08 2.20 26.2 3 2.04 
wwn 1 2 982 70 28.40 2.0R 2!::. 05 2.~5 26.22 2.18 
W\-1P 1 29R6 74 28.53 2.22 26. J5 2. 48 26.22 2.31 
w'-IP 1 2990 1a 26.66 2.34 26.J3 2.63 26.21 2.45 
1-'\oiP l 2996 84 28.8 5 2.~3 26.03 2.62 26.21 2.64 
1-uJP l 300 1 39 26.93 2. t' 6 26.01 2.97 26.20 2.78 
WWP 1 3007 05 29. 16 2.84 2.6.01 3.15 26.2 0 2.96 
\oi'l. p 1 1.')11 )Q 29.27 2. 95 26.00 3.27 2t.20 3.07 
~ 1-.. p 1 1019 l'H 29.49 3.17 26.00 3.49 .26.18 3.31 
Ww'IP 1 3\)25 11 3 29.60 3.34 25.99 3.c7 26.17 3.49 
1-.NP 3030 1 18 29.77 3.45 25.97 3.8:) 26.17 3.60 
'l'tWP 313 5 123 29.91 3.50 25 .s 1 3.94 ~6.17 3.74 
....... p '3040 123 30.01 3.69 25.9 5 4.06 26.16 3.85 
'tv 't-IP 3 )5!) 138 30.26 3.94 25.92 4.34 26.15 4. 11 
WWP 31)6<1 148 30.50 4. 1P 2~.90 4.60 26.14 4.36 
\-''riP 3:)70 158 30.70 4.38 25.87 4.63 26.14 4.56 
~WP 3 }~ r; 173 31.00 4.68 25.85 5. 15 26.13 4.87 
t-·V.'P 3100 ld8 31.30 4.98 25.32 5.48 26.10 5.20 
'r.WP l 3ttr; 203 31.57 5.25 25.11 5. 80 26.08 5.49 
"t:WP l 312 5 213 31.75 5. 43 25.75 6.00 26.07 5.68 
WI<IP 1 313() 213 31.84 5.52 25.75 6.09 26.01 5.77 
~1-JP 1 3145 23"3 32.09 5.77 25.72 6.37 26.04 6.05 
'.-iWP 1 316 5 253 32.40 6. 08 25.67 6.73 26.04 6.36 
1-;WP 1 3185 273 32.72 6. 40 25.62 7.10 26.01 6.71 
WWP 1 3205 zq3 33.0 6 6.74 25.59 7.47 26.00 7.06 
WWP 1 326 5 353 34.10 7.78 25.48 8. 62 25.9 5 8.15 
hWP l 3295 vn 34.53 8.21 25.41 9. 12 25.90 8.65 
wWP 1 3 32 5 413 34.9 5 8.63 25.35 t"l o 60 25.90 9.05 
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TABLE C-4 1 cmp r. l 

TRE~JD TR EN!) 2 

!: • T • E.T. wATER U~JAOJ. CALC. CALC. CALC. CALC. 
P 1JMP PlJI"'P LEVEL o. :). WATER D .D. loiATER u.o. 

GFF CN LEVEL LEVEL 

:_•J':l 315 5 't.:. ?- 2 5. 4 t) ~. :~ e 25.29 1!).11 25 .c 7 -'i.53 
!r l,_,p l18S 1+ 7 3 35. 77 9.45 ~5.2.2 1C. 55 25.87 9.90 
"~,J p 3 '+I 5 ::; 'J 3 3t.. 14 9.22 2 5 • 1 '~ 10.95 25 .[. 0 1:1.34 
-1-'0 3 46 ) 543 3t. 7 1 ltl. 3 7 25.09 11. 62 25.75 l J. 9 6 
· .• '\r.'P 3 53 :'I ;)l:'l 37.40 11 ... , p 24.t;5 12. 't5 2 5. 6 7 t 1. 7 3 
' ~.~ p 3 '; 0 4 1..; ·12 3t. 04 11.72 2'.-.02 13.22 25.6(\ 12.44 
~. .. · .. !0 ; l)4 :3 73~ .;8.57 12. 2 5 24.72 13.85 25.56 l3. J 1 
·,.''tiP 3 7 5 2 :l4) 3~. 2 0 12. A 8 2'+.53 14.67 25.4o 13. 7 2 
i't,.,p 1'31'3 t I') :39.44 13. 12 24.44 1~.00 25.42 14.02 
~· '•' ;J 3 J.'3 3 ~71 3'1. 6 t 13.34 2.4. JO 15. 36 2 5. 3 5 14.31 
•' ·JD 3!? 1 l ')I") I) 3S..7<t 13.42 24.26 15.4d 25.3 2 14.-+2 

;, .JP ?. lE ) 
1 ""' >3 

jCJ. 90 l3. c; 8 ;!4. 12 15. 1 a 2 5.2 7 l ... 6 3 
·,·,wP 1 4()4) 112 3 4C. C4 1~. 72 2 1t. 0 3 16.01 25.23 1.:...a1 
I, '.JO 1 412 1 12t1 q 1-tli. 21 1::-. t 9 23.90 16. 31 25.18 15.03 
1-·\-IP '· 2'.) 7 !?.0") 40.42 14. 10 23.79 lt. 63 25. 12 15.30 
'i~P 1 4274 ll62 4Q.t,l) 14.28 23.oi; 16.92 2.5.06 15.54 
-N':JP 1 4H2 14·1} 40.6£ 14. 3(. 2j.6Q 17.:)6 25.04 15.64 
.,. ,-i!) l 4.:.3 .') 1524 4l. 6 3 14. 0 1 23.43 18.20 24.9 5 16.23 
',• :..;p 1 4572 1 ~J6 ·) 4'. 0 7 15. 75 23.23 18.34 .?4.t15 17.22 
•, ~ D 1 46J t, lf-q4 42.2 7 1 ') • oc: 2 3. 18 1G.:J9 24.82 17.45 
/iv1P 1 4 7 13 1821 4C::.. 7 c 1L.4{ 2~.00 19.78 24.7 5 18. 0 3 
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