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CONTRIBUTIONS TO HYDROLOGY 

GROUND-WATER PROBLEMS IN THE VICINITY OF 
MOSCOW, LATAH COUNTY, IDAHO 

By p. R. STEVENS 

ABSTRACT 

The water supply in the Moscow area in southwestern Latah County, north­
ern Idaho, presents a potentially critical problem beea118e the present supply 
is barely adequate and the total supply available within the Moscow basin 
probably will become inadequate in the near future. The area includes about 
00 aqnare mtles in the Moscow basin. An evaluation of the available geologic 
and hydrologic data, an estimate of the amount of lll!llble ground water, and 
a description of the occurrence of ground water in the Moscow basin are pre­
sented ln this report to assist city and State officials ln appraising supplemental 
sources of water for municipal and other needs in Moscow and vlelnlty. 

CrystalHne rocks of low permeability erop out in highlands north, east, and 
south of Moscow and are believed to underlie younger rocks throughout the 
basin. At places sand, gravel, silt, and clay resulting from weathering and 
erosion overlie the crystalline rocks, but at other places they inter1lnger with 
the Columbia River basalt and constitute the Latah formation. These sedi­
mentary deposits form a permeable zone through which water moves from the 
surface and becomes con1lned in sand beds of the Latah formation and per­
meable zones in the Columbia River basalt. Quaternary eolian and Jluviatile 
sediments compose the surface deposits which contain nncon1lned ground water, 
but the yield of water is smalL 

Available data are insn:fl!cient to determine accurately the avernge annual 
recharge to the artesian aquifers. N atnral and artl1lcial dlscharge from the 
artesian aquifers ln 195:1 exceeded the recharge, and recorda of water levels 
in artesian wells have shown an annual decline for many years. The amount 
of water carried off by streams from the Moscow basin is estimated at 12,000 
acre-feet yearly. 

The water in both the artesian and water-table aquifers is of the calcium 
bicarbonate type: It is moderately hard and contains relatively high concen­
trations of iron and sillca. Reduction of the hardness and the iron content 
would make the water more suitable for municipal, domestic, and industrial use. 

The demand for water in Moscow in 1970 is expected to be double that of 
J9M, thereby increasing the rate of overdraft on the artesian aquifers. Surface 
water is suggested as a direct supplemental source and for possible arti1lcial 
recharge of the artesian aquifers as a means of Increasing the yield of the 
present source. 

326 



326 CONTRIBUTIONS TO HYDROLOGY 

INTRODUCTION 

PUBPOSE AND SCOPE OF REPORT 

Water-level records for artesian wells at Moscow, in the Moscow 
basin, Latah C01mty, Idaho, show a large cumulative and continuing 
decline in artesian pressure for a period of more than 60 years. Be­
ginning several summers preceding this investigation, restrictions 
have been imposed on the use of municipal·water. A new well, 
drilled late in 1955, partly relieved the water shortage in 1956, but 
continued growth of population, business, and industry will require 
further additions to the public water supply. The University of 
Idaho at Moscow has its own wells for water supply, but these and 
the city wells tap the same artesian basin. 

At the request of the city of Moscow and the Idaho State Reclama­
tion Engineer, the U.S. Geological Survey made a reconnaissance 
ground-water investigation in the Moscow basin during October and 
November 1955. The fieldwork on which this report is based in­
cluded an evaluation of the available hydrologic and geologic data, 
an estimate of the amount of ground water available annually in 
relation to the amount used, and an appraisal of the methods for 
disposal of unused water. 

The purpose of this report is to assist city and State officials and 
present or potential users of gro1md water in appraising possible 
supplemental sources of water and in determining the need for a 
more intensive investigation of the water resources. 

Fieldwork in the Moscow basin and the preparation of this report 
were part of the program of ground-water studies by the Geological 
Survey in cooperation with the State of Idaho and the city of Mos­
cow. This investigation was under the direct supervision of R. L. 
Nace, formerly district geologist, Boise, Idaho. 

The Department of Mines and Geology and the Department of 
Agricultural Engineering of the University of Idaho, city officials of 
Moscow, well drillers, and the U. S. Soil Conservation Service fur­
nished much useful data for this investigation. 

LOCATION OF ABEA 

Moscow is in the Moscow basin in southwestern lAtah County, 
northern Idaho (fig. 25), about 23 miles north of Lewiston, Idaho, 
9 miles east of Pullman, Wash., and about three-quarters of a mile 
east of the boundary between Idaho and Washington. U.S. High­
way 95, the main artery of north-south travel in western Idaho, 
passes through Moscow. Idaho Highway 8 connects Moscow with 
Pullman, Wash., and with towns to the east. Many county and log­
ging roads traverse the Moscow basin. The city is served by the 
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Union Pacific Railroad, Northern Pacific Railway, and Great North­
ern Railway. 

This report covers the area in the upstream basins of Paradise 
Creek and the South Fork of the Palouse River in Idaho {pl. 13), 
between the State boundary on the west and the drainage divides on 
the north, east, and south. The total area is slightly more than 60 
square miles, or about 40,000 acres, and includes all land in which 
recharge to ground water in the Idaho part of the Moscow basin is 
believed to occur. 

,, 
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J'JGuu 25.-Inde>: map of Idaho ahowlng artiiL covered 
b7 th1ll report. 

WELL-NUliiDIEBDl'G SYSTEM: 

The well-numbering system used by the Geological Survey in 
Idaho indicates the locations of wells within official rectangular sub­
divisions of the public lands, with reference to the Boise base line 
and meridian. The first two segments of the well number designate 
the ~wnship and range. The third segment is the section number, 
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followed by two letters a.nd a numeral, which indicate the quarter 
section, the 40-acre tract of la.nd, and the serial number of the well 
within the tract. Quarter sections are lettered a, b, c, a.nd d in 
counterclockwise order, starting from the northeast quarter of each 
section (see fig. 26). Within the quarter sections, 40-acre tracts are 
lettered in the same manner. The serial number following the letters 
indicates the order in which the wells were first visited within the 
40-acre tracts. For example, well39N-5W-12dd1 is in the SE%.SE%. 
sec. 12, T. 39 N., R. 5 W., a.nd is the well first visited in that tract. 

6 5 4 3 ,,.___ I i : b I • b • 
I I I 

7 8 9 10 11 b---+---a 
I I 

c I d I c d 
18 17 16 15 14 13 T. I I 

39 ----+--- 12 -

19 20 21 22 23 24 N. I ' 
b I • b • 

I I 
30 29 28 27 26 25 ~---c d---

I I • c I d c I d 
31 32 33 34 35 36 I ! 

R.5W. Sec. 12 

FJGvu 26.-Well·number!ng system used by the Geologlea1 Survey In Idaho, ohowlng 
loeatlon o! well BIIN-IIW-12ddl. 

The township, range, and section parts of the well number are not 
shown on plate 13. 

l'REVIOUB INVESTIGATIONS 

M. M. Johnson a.nd C. F. Myrene described the geology and min­
eral resources of a.n area in the vicinity of Moscow (written commu­
nication, Nov. 1955). La.ney, Kirkham, and Piper (1923) described 
the ground-water geology of the Moscow basin a.nd estimated the 
yearly amount of potential ground-water recharge. The most de­
tailed published geologic study of Latah County is by Tullis (1944). 
Ground-water conditions in the vicinity of Pullma.n, Wash., in the 
westward extension of the Moscow basin, are described by Fox­
worthy a.nd Washburn (1957). 

GEOGRAPHY 

l'HYBIOGRAI'HIC BETTING 

The Moscow basin is in the Walla Walla Plateau section of the 
Columbia Plateaus province (Fennema.n, 1917), about 50 miles west 
of the Coeur d'Alene Mountains. The city of Moscow is near the 
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east end of an ancient river valley which was partly filled with sedi­
mentary materials and basaltic lava flows. The altitude of the area 
ranges from 2,570 feet at Moscow to 4,280 feet at the summit of 
Moscow Mountain (pl. 13). Bordering the Moscow basin is the 
Palouse Range, including Moscow Mountain, on the north; Tomer 
Butte and the adjacent highlands on the east; and Paradise Ridge 
on the south. These highlands are erosional remnants of ancient and 
more rugged mountains. The slopes of Moscow Mountain and the 
Palouse Range are steep near the summits but gentle at lower alti­
tudes where they merge with the rolling topography of the basin. 
A thick coniferous forest covers much of the highlands and helps 
stabilize the soil on steep slopes. The slopes of Tomer Butte and the 
east half of Paradise Ridge are moderately steep and have a scattered 
stand of ponderosa pine. The highlands between Tomer Butte and 
Moscow Mountain and the west half of Paradise Ridge slope gently 
to moderately. Much of the slope is farmed, and winter wheat is 
the principal crop. 

The surface of the basin that is bordered on three sides by the 
Palouse Range consists of moderately rolling brood, rounded hills on 
which the topographic relief exceeds 200 feet at some places. These 
hills consist in large part of loess and many dune features. They 
are part of the Palouse Hills, a term often used for this rolling 
topography in the Palouse River basin in Washington and adjacent 
areas, and encroach the lower flanks of the Palouse Range. 

The main stream, the South Fork of the Palouse River, rises on 
the southwestern slopes of Moscow Mountain; Crumerine Creek rises 
on the southern slopes of The Twins, two prominent peaks in the 
Palouse Range; and Paradise Creek rises farther west on the south­
ern slopes of the Palouse Range (pl. 13). In the valley-head areas 
the streams have steep gradients and narrow, steep walls. In the 
lowland, the stream gradients are gentle. 

CLDII:ATE 

Moscow has moderately cold winters and warm summers, as indi­
cated by the following table. The mean annual temperature at 
Moscow is 47.1° F; the highest temperature recorded was 105° F, 
and the lowest --30° F. Temperatures higher than 100° are rare. 
The frost-free season averages about 150 days but has varied from 
83 (1935) to 201 days (1940). 

The normal annual precipitation at Moscow is 21.7 inches, of 
which about half falls from November through February. About 
three-quarters falls from October through April, and only about 
one-quarter during the growing season, May through September. 
The intensity of rainfall at Moscow is usually very low, but occa.-

litOSSI>-~2 
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siona.lly it is so high that hea.vy runoff causes considerable soil 
erosion. 

Mean momhly temperature and normol precipilalion at Moscow, 189S-1966 
(From records of the U.S. Weather Bureau] 

Month 

Jan ______________________________ _ 
Feb _____________________________ _ 

~&r------------------------------Apr _____________________________ _ 

~aY------------------------------June _____________________________ _ 

~~:~~============================ Sept _____________________________ _ 
Oct ______________________________ _ 

~OV------------------------------Jlec _____________________________ _ 

Average annuaL ____________ _ 

Proelpltatlon 
1----,...-----1 Mean tem.,..,.. ture ("F) 

Normal (lncboo) 

2. 78 
2. 11 
2.16 
1. 59 
1. 87 
1. 47 
. 56 
. 61 

1. 27 
1.68 
2.86 
2. 74 

21.70 

Pereollto!Ul· 
nual total 

12.81 
9.72 
9. 96 
7.33 
8. 62 
6.77 
2.58 
2. 81 
5.85 
7.74 

13. 18 
12.63 

28.2 
31. 7 
38.4 
46.2 
53.0 
59. 3 
67. 2 
66.1 
57.8 
48.9 
37. 7 
30.8 

47. 1 

The precipitation increases with altitude and probably exceeds 23 
inches on the upper part of Moscow Mountain and 22 inches on the 
Palouse Range, Paradise Ridge, and the upper part of Tomer Butte. 
For the purpose of this report the average annual precipitation on 
the highland area. is conservatively estimated to be 22 inches. 

Records of precipitation a.t Moscow disclose cyclic :H.uctua.tions, 
with both short- and long-term cumulative departures from normal 
(fig. 27). One long-term wet period began in 1899 and ended about 
1913, with a. cumulative excess precipitation of about 19 inches. 
In a drier period beginning in 1914 and ending in 1944, the cumu­
lative deficiency was about 23 inches. 

The prevailing winds are from the west except in December, Jan­
uary, a.nd Februa.ry, when they are from the east. Wind velocities 
are low, and sustained velocities commonly are a.bout 5 or 6 miles 
per hour. The wind is rarely destructive. Summer thunderstorms 
are infrequent and usua.lly mild. 

USE OF WATER 

Water for the public supply of Moscow, for the University of 
Idaho, and for a few fa.rms a.nd rural residences is obtained from 
artesian aquifers. A shallow nonartesian a.quifer supplies water for 
most rural, domestic, and stock use, and for a :Hour mill in the city. 
Little surface water is used except at a small recreational :rtlBervoir 
on the South Fork of the Palouse River about 4 miles east-northeast 
of Moscow (pl. 13). 
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Jl'louu: 27.-Allnual precipitation and eomulatlve departure from averace precipitation 
at Hoaeow, 1882-181111. 

Water withdrawals from the artesian aquifers, shown in the fol­
lowing table, are based on pumping records of the city of Moscow 

Estimated ground--walllr withdrawal from arllloian aquijna in the Moacow baain 
1951-55 

1951 _________________________________________ _ 

1952------------------------------------------1953 _________________________________________ _ 

1954------------------------------------------1955 _________________________________________ _ 

660 
675 
686 
700 

I 72() 

2.4 
1. 4 
2. 1 
2. 1 

wells for 1951-55; on meter readings of the discharge from the wells 
at the University of Idaho from February 1955 through October 25, 
1955; and on estimates of withdrawals from other wells, which have 



332 CONTRIBUTIONS TO HYDROLOGY 

an assumed average use of 300 gpd (gallons per day) per well. The 
estimated average daily withdrawal from the artesian aquifers dur­
ing 1955 was 1,530,000 gallons by the city of Moscow, 425,000 by the 
University of Idaho, and 6,000 by all other users. The rounded total 
is 2 million gallons daily. The average monthly withdrawal in 1955 
was about 60 million gallons, and the total during the year was about 
720 million. 

GENERAL GEOLOGY 

GEOLOGIC SETTiliG 

The geologic features that control the water supply of the Moscow 
basin are quite simple in general but complex in detail; only the 
general features are discussed here. Two groups of rocks occur in 
the basin: Ancient metamorphic and igneous rocks, which form the 
highlands around the basin und underlie younger materials in the 
foothills and lowlands; younger sedimentary and volcanic rocks, 
which contain the principal aquifers and accumulated as a filling in 
an ancient broad valley that had been eroded into the older rocks. 

The oldest water-bearing materials consist of products derived by 
weathering from the older crystalline rocks. In part these materials 
have remained in place as a mantle over the rock, but in part they 
have been reworked, sorted, and transported to the lower slopes and 
the valley floor. Intermittently and over a long period of time 
basaltic lava, named the Columbia River basalt, flowed eastward and 
inundated the ancient lowland of the Moscow basin. This same lava 
formed the Columbia Plateau. Erosion of the older granitic and 
metamorphic rocks in the surrounding hills and mountains continued 
during the volcanic period, and the materials derived from them 
were deposited along streams and in lakes around the margins of 
the basin between periods of lava extrusion. Thus the filling in the 
ancestral Moscow basin consists of alternating layers of sedimentary 
material and basaltic lava (figs. 28, 29). The sedimentary deposits 
interfingering with the Columbia River basalt were named the Latah 
formation by Pardee and Bryan (1926) for exposures along Latah 
Creek south of Spokane. 

During the transportation and deposition of the sedimentary ma­
terial, the coarser deposits accumulated nearest the source on the 
sloping sides of the valley, so that today some of them crop out above 
the level of highest lava flows and thus are important in the catch­
ment of precipitation. Although the interfingering mantle and sedi­
mentary deposits do not form a continuous layer, and not all are 
permeuble, there are lenses and stringers of permeable sand and 
gravel that serre both as aquifers and as conduits through which 
water can percolate from the surface to the deeper aquifers. 
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Only minor erosion of the last volcanic flows took place before 
windbome silt and sand, the Palouse formation, accumulated as a 
mantle over the basin and lower hill slopes during the Pleistocene 
epoch (ice age). Locally, streams reworked part of the windbome 
material and redeposited it, mixed with alluvium from other sources. 
The present streams have cut a fairly well integrated drainage sys­
tem, but the rolling topography was formed chiefly during deposi­
tion of the Palouse formation. 

The weathered granitic and metamorphic rocks and the sediments 
derived from them crop out in the foothills and on the flanks of the 
mountains and are believed to be present beneath the Palouse forma­
tion around the edge of the highlands. Where exposed in the foot­
hills these materials range in thickness from less than 1 foot to more 
than 20 feet. 

The metamorphic and granitic rocks generally have a low perme­
ability. Water moves principally along joints and other fractures, 
mostly within a few score feet beneath the surface. 

ARTESIAli AQUIFEBS 

The Latah formation and two or more flows of the Columbia River 
basalt of Miocene age are sources of artesian water in the Moscow 
basin. For convenience the two basalt flows are called the upper and 
the lower basalt, and the water-bearing sand units of the Latah 
formation are called the upper and the lower sand. Figure 30 is a 
detailed stratigraphic section of the Moscow basin. In the Moscow 
basin the Latah formation and intercalated flows of the Columbia 
River basalt overlie the weathered crystalline rock, and outside the 
catchment and recharge area (pl. 13} they underlie the surficial 
deposits. 

UNCONFINED AQUD!'EBS 

Windblown silt; silty sand and clay composing the Palouse forma­
tion; and alluvial silt, sand, gravel, and clay form the surficial de­
posits in the Moscow basin. The Palouse formation is more than 
150 :feet thick in parts of the Palouse Hills and forms a thin veneer 
over most of the higher parts of the area. At other places it has 
been removed by erosion. Alluvial deposits are found along some 
streams. Ground water occurs under water-table (including perched) 
conditions in these sediments. (Perched ground water is unconfined 
ground water which is held above the main water table by a layer 
of relatively impermeable rock.) Outside the catchment and re­
charge area, unconfined ground water is separated from the artesian 
aquifers by nearly impermeable clay beds and basalt flows (fig&. 28, 
29), which restrict the vertical movement of ground wata. 
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Clay and sandy clay, yellow end brown, micaceous: plant 
remains common, distribution irreaular: thickness variable 
but tess than 100 ft. 

Basalt, dark-gray to black, dense. very fine arained to glassy; 
generally ranees from 155 to 225ft in thickness; nearly 
impermeable end restricts vertical movement of around 
water; fractured zone near base contains ground water 
under artesian pressure and is aquifer in city wells 2, 6, 
and 7. Upper basalt (Columbia River baaalt) of fias.28 and 29. 

Clay and sandy clay.sray. micaceous; absent in some Places. 
ranees in thickness from 0 to 80 ft; low permeability 
restricts movement of ground water. 

Sand. li&ht·aray; very coarse to very fine Quartz and abundant 
mica; poorly sorted, unconsolidated; lenses of sandy clay 
common: ranges in thickness from 25 to 70 tt; contains 
ground water under artesian pressure. Upper sand (Latah 
formation) of figs. 28 and 29. 

Clay, brown and gray, micaceous, sandy; plant remains com· 
mon: ranges in thickness from 80 to 110ft; low permeability 
restricts movement of ground water. 

Sand, light-gray; very coarse to very fine quartz and abundant 
mica; poorly sorted, unconsolidated; lenses of sandy clay 
common; ranges in thickness from 40 to 70 ft; contains 
ground water under aneslan pressure. Lower sand (Latah 
formation) of figs.28 and 29. 

Clay, brown and aray, micaceous, ranges in thickness from 37 
to 91 ft; low permeability restricts movement of around 
water. 

Basalt, dark-gray to black. dense, very fine grained to glassy; 
100ft thick in Moscow city well 4; low permeability restricts 
movement of ground water. Lower basalt (Columbia River 
basalt) of figs. 28 and 29. 

Clay and sandy clay, brown and eray, micaceous; thickness 
unknown, but 95ft is penetrated in Moscow city well 4; 
low permeability restricts movement of ground water. 
Lithology and thickness of the Latah formation beneath this 
clay is not known. 

FIOtRil 30.-Composite stratlgt·aphlc Bf'ction of the- Latah formation and 
intPrcala ted Columbia Riv(lor ba~:~alt. (LitholobrfC description based on 
exumlnatlon of drlll cuttlDga.) 
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WATER RESOURCES 

Part of the precipitation in the Moscow basin is carried oft by 
streams, part is dissipated by evaporation and transpiration, and the 
remainder percolates downward into the ground and eventually 
reaches the water table, the upper surface of the zone of saturation. 

The base flow of most streams is maintained by the discharge from 
the zone of saturation in the form of springs and seeps, which occur 
where the water table intersects the land surface. However, streams 
may contribute to ground water where they flow over permeable ma­
terial that lies above the water table. Streams in the Moscow basin 
both gain water from unconfined aquifers in some places and lose it 
to them in others. Within the area of artesian recharge, however, 
the streams contribute to the ground water; the artesian aquifers are 
not known to contribute water directly to any stream. 

SURFACE WATER 

No systematic areal studies have been made of the discharge of 
streams in the Moscow basin, but discharge records and information 
on the suspended-sediment load are available for the South Fork of 
the Palouse River upstream from its junction with Paradise Creek 
near Pullman, Wash. The following table summarizes these records 

Mean daily discharge (monthly a!Hlrage) and smpended sediment load of SotJ.t.h Fork 
Palome RiPer, PuUman, Wash., 198~-.;o. Drainagearea81.1 square miles. 

[From U.S. Geological Survey,!~. Quantities rollllded to 3 algnUJcont aaureol 

Cubic feet per Mean daily di&- SU8pendedoediment 
Year Month oecond charp(= (tooa per month) 

BqlW'O ) 

1934 ____________ June ___________ 
2. 45 0.030 600 July ____________ 
. 351 • 004 7.0 J.lug ____________ . 052 • 006 • 21 Sept ____________ 
. 199 • 002 . 57 

Oct ___ ------- __ 1. 35 . 017 28.3 Nov ____________ 
2. 45 . 030 27.0 Dee ____________ 12. 7 . 156 1, 660 1935 ____________ Jan ____________ 58.3 • 719 5,790 Feb ____________ 35.9 . 443 1,030 

Mar------- _____ 54.9 • 677 4,820 u:,------ ------ 71.4 • 880 5,590 
&Y----------- 13.8 • 170 48.7 

June __ -------_- 2. 59 • 032 8.1 July ____________ . 514 • 006 L 72 
)lug ________ ---- . 041 • 000 • 22 Sept ____________ . 067 • 001 .26 Oct ____________ . 406 .005 1.11 Nov __________ -- • 882 • 010 1. 18 Dec ____________ 2. 01 • 025 60,5 
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Mean dail11 discharge (mont1Ug <Werage) aftd .U.flended ae.umm.t loa4 of Botdl& 
For'k PaJovae Rwer, PviZmcm, Waa1l., 193r.f0. Dr~Hf~Gge arN 81.1 •llflare 
mUea.--(Jontlnued 

[From U.S. Geological Survey, 1931Hl. Quantltlel rounded to I slpifJeaat fl&ureB) 

Year Month 
Onbicleot per 

seoond 

1936 ____________ Ja.n ____________ 
29.4 

Feb ______ ------ 32. 1 Mar ____________ 85.9 
~r ____________ 26.8 a.y ___________ 

8.84 June ___________ 1. 67 July ____________ 
• 1112 Aug ____________ 0 Sept _________ --- . 016 

Oct __ ---------- • 187 Nov ___________ - . 330 I>ec ____________ 
• 927 1937 ____________ Ja.n ____________ 
• 1106 

Feb ______ ------ 6.90 Ma.r __________ -- 103 
~r ____________ 77. 6 a.y ___________ 

10. 7 June ___________ 3. 71 
July------------ • 394 Aug ____________ 

. 0004 
Sept __ --------- . 034 Oct ____________ . 637 Nov __________ -- 1. 73 
I>ec _____ ------- 8. 23 

1938------------
Ja.n ____________ 

27.9 Feb ____________ 
48.6 

Ma.r ________ ---- 85. 1 
~r ____________ 36.5 a.y ___________ 

8.60 June ___________ 
L 68 July ____________ 
• 357 Aug ____________ 0 

Sept ________ ---- 0 
Oct _______ ----- 1. 08 Nov ____________ 

1. 11 I>ec ____________ 
1. 65 1939 ____________ Ja.n ____________ 3.11 

Feb------"----- 25. 5 Ma.r ____________ 
133 

~r ____________ 19. 8 a.y ___________ 
4. 12 June ___________ 
1. 03 July ____________ . 186 Aug ____________ 0 Sept ____________ 0 

Oct ___ --------- • 097 Nov ____________ 
• 371 

I>ec ________ ---- • 971 1940 ____________ Ja.n ____________ 
3.23 Feb ____________ 48.4 Ma.r ____________ 

54.3 
~r ____________ 25.9 a.y ___________ 

4. 33 June ___________ 
• 503 

Mean dillY ciJa. 
chariiO <era f.f 
sqoan~mle) 

0. 362 
• 396 

L06 
• 330 
• 109 
• 020 
• 002 

0 
• 000 
• 002 
• 004 
• 011 
• 006 
. 085 

L27 
• 967 
. 132 
.46 
• 006 
• 000 
• 000 
• 008 
• 021 
• 101 
. 344 
• 1199 

1. 06 
• 450 
• 106 
• 021 
• 004 

0 
0 
• 013 
• 01-i 
• 020 
• 038 
• 31-i 

1.M 
. 2« 
• 051 
• 013 
• 002 

0 
0 
• 001 
• 004 
. 012 
.MQ 
• 597 
. 670 
• 319 
• 063 
• 006 

BuapendediOdlment 
(t.ODI par montb) 

6,600 
8, 810 

18,900 
676 

1, 450 
11. 5 

1. 03 
0 
.06 

1. 42 
1. 77 
3. 26 
1. 37 

93.4 
1 .. 900 
11,200 

51. 1 
347 

4. 47 
.oo 
• 07 

2.84 
3L 2 

632 
3, 110 
1, 970 
6,730 

890 
47. 1 
9.68 
1. 37 
0 
0 
2. 76 
8.27 

33.0 
62.2 

3,100 
211,.00 

1811 
20.7 

2. 76 
• 70 

0 
0 . 000 

000 
-i-29 

52.8 
10,900 

7,610 
1, 910 

37. 1 
2.30 
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for the period June 1934 through June 1940. There is a wide yearly 
variation in the mean daily discharge of the South Fork, the low 
usually occurring during August and the high during March. 

The estimated average annual runoff from the Moscow basin, based 
on incomplete records of streamflow and precipitation, is about 12,000 
acre-feet. To estimate the runoff, it was assumed that the ratio of 
runoft to precipitation per unit area throughout the Moscow basin 
is the same as the ratio for the South Fork of the Palouse River 
above Pullman, Wash., and that precipitation throughout the area 
is the same as at Moscow. The estimate of the amount of surface 
runoff is probably low, as it does not include the higher runoft of 
the highland area, where slopes are steep, soil cover is thin, and pre­
cipitation is higher than at Moscow. 

GROUND WATEB 

Ground water occurs under water-table (unconfined) conditions in 
the unconsolidated surficial sediments and under artesian conditions 
in the sand layers of the Latah formation, and in fractured zones 
in the Columbia River basalt. 

UNCONP1NBDW~TER 

In the Moscow basin the unconsolidated Pleistocene sediments and, 
in places, the upper part of the upper basalt, yield sufficient uncon­
fined water to wells for rural, domestic, and stock use. Possibly 
enough water could be pumped locally from these aquifers to supply 
small industries, but no large withdrawals can be made. These aqui­
fers yield less than 1,000 gallons a day to the average wells. 

The depth to the water table depends partly on the topography 
and the lithology and structure of the rocks, and partly on the local 
recharge and discharge. On the flanks of the basin and on higher 
parts of the Palouse Hills, the depth to water exceeds 200 feet, u.s in 
well 39N-5W-5bb1 in which the water table is reported to be only 
a few feet above the surface of the basalt that underlies the Palouse 
formation. Near the center of the basin the water table is at a 
shallow depth. The unconsolidated Pleistocene sediments of the 
Moscow basin contain perched ground-water bodies of limited areal 
extent, but these are not important even for limited domestic and 
stock use. 

Water in the unconfined aquifers moves away from the drainage 
divides toward the axis of the valley, and thence westward into 
Washington. The yearly range of fluctuation of the water table is 
generally from 4 to 6 feet; its depth below the surface is lowest in 
November or December and highest usually in April (fig. 31). 



340 CONTRmUTIONB TO HYDROLOGY 

5 

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

\ ' ' ' --, ,-- ........ \ ' ' ' ' ' - ' ' ' ' , ' ' -,_ , ', ' ' ' ,_ 
~ ,_ , ' -/ 

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

-

• -

3 0 
1951 1952 , .. , 1954 1955 

l!'IGU&• 31.-Bydrolraph of well 31N-ISW-10ae1, 

.A.RTBSL\N W.A.TER 

Sand beds in the Latah formation and a permeable zone near the 
base of the upper basalt are the artesian aquifers tapped by wells 
of the city of Moscow, the University of Idaho, and the Sunset Me­
morial Gardens cemetery. The artesian water is replenished by pre­
cipitation on the catchment and recharge area (pl. 13), which covers 
about 32.4 square miles ( 20,800 acres). The boundary between the 
catchment and recharge area and the remainder of the basin repre­
sents the approximate location of the contact between the nearly im­
pervious clay beds of the Latah formation, which restrict the vertical 
movement of ground water, and the interfingering mantle and sedi­
mentary deposits, which serve as aquifers and conduits through 
which water can move from the surface to the lower aquifers. Water 
enters the artesian reservoir by percolating downward through the 
surficial materials and then moves laterally in the sand and gravel 
beds of the Latah formation and the permeable zones in the basalt. 
In places, impermeable dense basalt and fine-grained sediments im­
pede vertical movement of the ground water and confine it under 
artesian pressure. Formerly, when artesian pressures were higher, 
artesian water not recovered by pumping moved westward out of 
Idaho. Increased withdrawals, however, have restricted, and pos­
sibly have halted, this westward movement. 

'W .A.TER LEVELS 

Records and reliable oral reports on water levels in wells tapping 
the artesian aquifers show that the altitude of the piezometric (pres­
sure-head-indicating) surface has been declining for more than 60 
years. Laney and others (1923, p. 6) state: "It is established from 
various sources and beyond reasonable doubt that flowing artesian 
wells existed in Moscow in 1890 to 1895." The static water level in 
city well 1 (39N-5W-7da3) was near the ground surface in 1895; 
the depth to the static water level was about 44 feet in 1923, 65 feet 
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in 1947, and 94 feet in 1955. Thus, in the first 28 years of record the 
static water level in this well declined an average of 1.6 feet per year; 
the average annual decline decreased to 0.85 foot in the following 
24 years, and then increased to 3.6 feet per year in the period 1947-65. 

Depth-to-water measurements in well 39N-5W-7dd1 show that the 
static water level declined about 18 feet between February 1951 and 
November 1955 (fig. 32). The rate of decline was about 4 feet per 
year except in 1952, when it was about 1 foot. The records indicate 
that the decline of the piezometric surface has greatly accelerated 
since 1954, probably owing to increased withdrawals of water from 
wells . .. 
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FIOU&B 82.-Hydrograph of well S9N-GW-'I'dd1. 

The annual cycle of water-level fluctuations apparently is related 
chiefly to pumping. The high occurs during the period of minimum 
withdrawals in March or April and the low during the period of 
maximum withdrawals in July or August. Comparison of the hy­
drograph with monthly precipitation shows that the annual high 
water level also coincides with the end of the period of maximum 
rainfall and surface runoff, and that the low occurs near the end of 
the annual period of minimum rainfall. The hydrograph shows also 
that recovery of the static water level never is complete, for the high• 
est altitude of the piezometric surface in each succeeding year is 
lower than that of the rrevious year. 

PB.ECIPITAT:IOlf 

On the basis of a normal annual precipitation of 21.7 inches, the 
average yearly volume of precipitation on the Moscow basin is esti­
mated at 71,000 acre-feet. Assuming that the normal annual precipi­
tation on the catchment and recharge area is 22 inches, the volume 
falling on that area is 38,000 acre-feet. 

EV&POTB&NSPDRATYON 

Criddle (1947, p. 3, table 1) estimated that consumptive use of 
irrigation water by small-grain crops, not including precipitation 
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consumed during the crop-growing period, is 0.83 acre-foot per aC1'8 
in the vicinity of Lewiston and the Spokane River. .Applying that 
estimate to the Moscow area, and adding 0.61 foot of precipitation 
that presumably is used during the growing period, t):le estimated 
seasonal evapotranspiration at Moscow is 1.44 acre-foot per acre. 
Glenn M. Horner (written communication, Oct. 24, 1955) reports 
that, when the moisture in the upper 6 feet of the soil is at field ca­
pacity on April 1, evapotranspiration from Palouse soil during the 
growing season is 8.6 inches (0.'12 acre-foot per acre) on wheatland 
and 10.3 inches (0.86 acre-foot per acre) on grassland, plus the 
amount of precipitation. When the soil-moisture content on Apri11 
is less than the field capacity, evapotranspiration during the year is 
less. Therefore, the estimated total evapotranspiration from soil 
moisture and precipitation on wheatland during a growing season 
beginning with the soil at field capacity is about 1.33 acre-foot per 
acre and that on grassland about 1.4'1 acre-foot per acre. Those 
amounts are quite close to estimates of evapotransporation in adja­
cent areas (Simons, 1953, p. 22). They do not include evapotrans­
piration during the nongrowing season, which is believed to be low. 

Evapotranspiration from the forested area of the Moscow drainage 
basin is not known, but it is thought to be slightly less than that 
from the grassland. For the purpose of this report the evapotrans­
piration is assumed to be 1.4 acre-foot per acre yearly. All these 
assumed figures are rough estimates and indicate only the order of 
magnitude; they may be in error by 25 percent. 

The estimates of evapotranspiration neglect two unknown factors: 
loss of precipitation by interception and by sublimation of snow and 
ice. Part of the precipitation is intercepted by the vegetal canopy 
before reaching the ground and is returned to the atmosphere by 
evaporation and sublimation. This permanent loss of precipitation, 
called interception loss, warrants careful consideration. In areas 
where interception loss has been determined, conservative values usu­
ally range from 15 to 30 percent of the total winter precipitation and 
from 20 to 40 percent of the summer precipitation, depending on the 
type and density of vegetal cover and the type, magnitude, intensity, 
and frequency of storms (U.S. Corps of Engineers, 1956, p. 89). 
Interception-loss percentages for areas similar to the Moscow basin 
in vegetation and climate are not available. Also, the available data 
do not permit estimates of precipitation losses due to sublimation. 

RUNOFF AND RECHARGE 

The assumed average annual rates of evapotranspiration are about 
29,000 o.cre-feet from the catchment and recharge area and 26,000 
acre-feet from the remainder of the basin, or 55,000 acre-feet, plus 
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or minus 15,000 acre-feet from the whole basin. The assumed yearly 
runoff from the basin is about 12,000 acre-feet, of which half is from 
the catchment and recharge area. The amount of precipitation on 
the basin, less runoff and evapotranspiration, that is apparently 
available for ground-water recharge is about 4,000 acre-feet. How­
ever, a quantity of 4,000 acre-feet is within the limits of error of the 
estimates of evapotranspiration. 

Meaningful quantitative estimates of ground-water recharge ob­
viously cannot be based on the relation of estimated precipitation to 
evapotranspiration. On the basis of available data it can be con­
cluded only that the recharge must be less than the discharge through 
the wells ( 2,200 acre-feet annually), plus the natural discharge from 
springs and seeps (unknown), plus any remaining underflow out of 
the basin (unknown}, as shown by the progressive decline in water 
levels in wells in the period of record. 

Although the amount of recharge cannot be determined directly, 
it can be found indirectly by determining the amount of discharge 
and changes in storage. Ground-water discharge from the basin 
consists of artificial withdrawals, which can be determined quite 
closely if accurate pumping records are maintained, and natural dis­
charge. Natural discharge from the unconfined aquifers, in addition 
to the effluent flow which helps maintain the base flow of streams, 
consists of underflow out of the basin. Natural discharge from arte­
sian aquifers in the Moscow basin consists entirely of underflow out of 
the basin and can be estimated provided the coefficient of transmissi­
bility, the hydraulic gradient, and the cross-sectional area are known. 
These factors cannot be evaluated on the basis of data now available. 
Additional wells would be required for determining the cross-sec­
tional area of the aquifers and the hydraulic gradient, and pumping 
tests would be required for determining the coefficients of transmis­
sibility and storage. 

CHEMICAL QUALITY 01!' THE WATEI!. 

Chemical analyses of water from the city, university, and other 
wells in the Moscow basin are shown in the following table. The 
quality of the water sampled from artesian aquifers is very similar 
to the quality of water from unconfined aquifers. The water is of 
the calcium bicarbonate type: It is moderately hard and contains 
relatively large amounts of iron and silica. Reduction of the hard­
ness and iron content of the municipal water supply would make the 
water more suitable for municipal, domestic, and industrial use. 

No chemical analyses of surface water from the basin are avail­
able, but the hardness and iron content probably are less than those 



Well 

39N-5W-7aaL _ -----
7cdL------7cdL ______ 
7da2 _______ 
7da2 _______ 
7da3 _______ 
Sabl _______ 
Sabl _______ 

8ab2_ ------8ab2 _______ 
8ab2 _______ 

8sb2 ·------18baL _____ 

CMmical analyses, in parts per million, of water from the Moscow baain 

[Analysos b;y Idaho Ileps<tment of Public Health, emept where noted] 

Tem- Cal- Mac- So- PotiiB- Blear- Sui· Ohio- Fluo- Ni-
Date of pera- Sllioa Iron clum ne- dlum slum bonate late ride ride tra1e 

oolloctton tore (8!01) (Fe) (08) slum (Na) (K) (HOOo) (SO,) (01) (F) (NOo) 
('F) (Mg) 

-- --
5-22-46 54 2.0 30 11 ---- ------ 161 15 2 0.3 ----

11-20-53 ---- 62 2.2 33 14 ---- ------ 166 18 7 .4 0.4 
3-29--55 ---- ---- 1. 4 ---- ---- ---- ------ 165 ---- 2 ---- ----
3-29--55 ---- ---- 1.3 ---- ---- ---- ------ 166 ---- 3 ---- ----
5-2Z...46 54 ---- 6. 5 30 11 ---- ------ 134 17 1 . 4 ----
5-22-46 54 ---- 2.0 30 11 ---- ------ 132 15 2 . 3 ----Z...26--51 51 57 1. 2 35 12 16 171 25 3 . 3 -0 
1- 4--52 54 ---- -95 33 12 ---- ------ 171 22 4 . 4 ----
5-22-46 54 ---- 6. 5 30 11 ---- ------ 163 17 1 - 4 ----
1- 4--52 54 ---- . 95 33 12 ---- ------ 140 22 4 - 4 ----
3-29--55 ---- ---- . 67 ---- ---- ---- ------ 153 4 ---- ---- ----
9--29--55 54 55 .26 27 10 13 2. 6 160 11 2 .0 . 2 
3-29--55 ---- ---- 1. 9 ---- ---- ---- ------ 166 ---- 8 ---- ----

1 Anal;ysis by U.S. Oeolo&ioal Survey. 

Hudnessas Speoillo 
oaoo, oondnot-

Dis- anoe 
solved (micro- pH 
solids Non- mhos 

Oar- car- at 'l6° 
bonate bon· 0) 

ate 

232 120 ---- ------ 7. 2 
260 140 ---- ------ 6. 7 

------ 108 ---- ------ 8. 1 
------ 116 ---- 276 7. 2 

356 120 ---- ------ 6.6 
------ 120 ------ 7. 2 

240 137 0 ------ 7. 2 
------ 132 ---- ------ 6. 9 

256 120 ---- ------ 6. 6 
------ 132 ---- ------ 6. 9 
------ 116 ---- 270 7. 6 

200 110 0 266 7.2 
------ 184 ---- 422 8.1 
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of the ground water. Addition of surface water to the municipal 
system probably would improve the chemical quality of the supply. 

The chemical quality of ground water is related to the geology of 
the area in which the water occurs. W o.ter moving over or through 
rocks dissolves some of their mineral constituents. In a small area, 
such u.s the Moscow ba.sin, in which the rocks are fairly uniform in 
mineral composition, the chemical quality of the water probably does 
not vary much from place to place. 

Recently the iron content of the municipal supply reportedly in­
creo.sed from about 2 ppm to as much a.s 25 ppm. Investigations of 
the cause of this increase in iron content are now in progress by the 
Idaho State Department of Public Health, Division of Laborntories 
(Vaughn Anderson, written communication, Ja.n. 1956}. 

Data regarding the chemical quality of surface water in the Mos­
cow basin is necessary in planning for the use of surface water as a 
supplemental source. Available data. indicate a large seasonal fluc­
tuation in the volume of water in streams in the Moscow ba.sin, a.nd 
there may be a considerable change in the chemical quality of surface 
water between periods of high and low flow. Systematic sampling 
and analysis of samples would be required to determine the chemical 
characteristics of the surface water. 

WATER OUTLOOK 

FUTUBE DEJIAWD 

The population of Moscow, including students attending the Uni­
versity of Idaho, increased about 26 percent from 1940 to 1950 (from 
8,423 to 10,593). The estimated population in 1955 was 12,000, or 
13.3 percent more than in 1950, the year of the last official census 
(Everett Will, Mayor of Moscow, oral communication, 1955). As­
suming continued growth at about the same rate, the population will. 
be 13,250 in 1960 and 16,500 in 1970. In 1955 the city and university 
used about 720 million gallons (2,200 acre-feet) of artesian water­
slightly less than 60,000 gallons per capita per year, or slightly more 
than 160 gallons per capita per day. At that rate, consumption 
would be nearly 800 million gallons of water in 1960 a.nd nearly 1 
billion gallons in 1970. These estimates probably are conservative 
because more water would have been used in 1955 if use had not been 
restricted. If, a.s city officials seem to hope, the economy becomes 
diversified by an influx of industrial establishments, a.n increo.se must 
be made in the amount. of water available to the municipal system. 
The means of supplementing the water supply are a major concern 
of the city. Assuming moderate industrial development within the 
city a.nd accelerated population growth incident to industrial growth 
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in the city and in the basin, the water demand may be about 1.1 
billion gallons in 1960 and 1.5 billion gallons in 1970. 

The amount of water withdrawn from the artesian aquifers by 
municipal wells in 1955 plus the amount moving through and out of 
the basin (natural discharge) exceeded the estimated average annual 
increment, as shown by the record of declining artesian pressure, a 
decline which has accelerated during the past few years in the Mos­
cow area. Water for this resulting deficiency was obtained from 
ground water in storage. Water levels will continue. to decline as 
long as the withdrawal exceeds the portion of the annual increment 
than can be intercepted before it leaves the basin or is discharged 
naturally. 

Water levels in artesian wells have not yet declined to the level of 
the stratigraphically highest artesian aquifer. Therefore, no aquifer 
in the pumped area has been dewatered. However, dewatering must 
have occurred upgradient in the aquifers, because the artesian pres­
sure has been lowered. 

SUPPLEKENTABY SOURCES 

Declining artesian pressure will cause a progressive increase in 
pumping lifts and may require deepening existing wells or drilling 
additional wells. This would supply needed water, at least tempo­
rarily, but would not solve the problem of a deficient supply. The 
obvious and ultimate requirement is to obtain an additional source 
of water or to increase the yield of the present source. 

GROUND WATER 

Some wells in the Moscow basin obtain unconfined water, but all 
those wells are small in diameter and each has a reported capacity 
of less than 100 gpm (gallons per minute). The aquifer might yield 
water at moderate rates to large-diameter wells at some places, but 
large supplies could not be obtained except by using several wells 
spaced over a fairly wide area. The unconfined aquifers are not 
considered to be promising sources of water for public supply in the 
Moscow area. 

Additional artesian water could be obtained from new wells or by 
heavier pumping of old wells, but heavier pumping might require 
deepening of the old wells. The existing artesian wells may not 
intercept all the artesian water, some of which may move westward 
out of the basin. To intercept as much of the water as possible, new 
wells would have to be constructed in strategic locations not yet 
known. However, the accelerated decline in recent years suggests 
the possibility that the artesian pressure has been lowered to the 
extent that little or no water now escapes to the west. 
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SURFACE WATER 

The estimated average annual surface-water yield of the basin is 
12,000 acre-feet (p. 339). However, the amount that could be recov­
ered for municipal use is unknown because estimates of reservoir 
capacity and of seepa.ge and evaporation losses have not been made. 
Furthermore, in some years the surface-water yield is much less than 
average. The largest amount of water for surface storage, of course, 
would be available in the downstream reaches of streams, where di­
version of wa.ter from Paradise Creek to the South Fork of the 
Palouse River is possible. Obviously, a study of surface-water dis­
charge, chemical quality and sediment load of the water, and storage 
sites would be necessary in planning for surface-water use. Com­
bined use of surface water with ground water might well be pro­
grammed to minimize the draft on each, by using surface water in 
the spring and summer while it is available a.nd ground water in the 
fall and winter. Lowered draft on the ground water would permit 
gradual recovery of artesian pressure and thus provide a reserve for 
periods of deficient precipitation and runoff. 

Reliable figures for recharge, natural discharge, and the volume of 
water taken from storage would permit computation of the perennial 
yield of the artesian aquifers. Adequate records of surface-water 
discharge and the chemical quality of the surface water would pro­
vide a firm basis for evaluation of the surface-water resources of the 
basin. Thus, with sufficient data, the total water resources of the 
basin could be eva.luated. This would provide the city with a. means 
of comparing current use with total supply, aid in planning the 
growth of the city, and permit investigation of the need for supple­
mental sources of water supply. 

ARTIFICIAL R.ECHABGE OF GROUND WATER 

Part of the estimated 12,000 acre-feet of surface water available 
annually in the Moscow basin might be used for artificial recharge 
of the artesian aquifers. Artificial-recha.rge possibilities under the 
specific local conditions in the Moscow basin probably merit special 
study. Several methods of a.rtificial recharge are used effectively: 
spreading water in infiltration ponds or diked fields underlain by 
permeable materials which are hydraulically continuous with an 
aquifer, constructing dams where streams cross aquifer outcrops, and 
injecting water directly into the aquifer through intake wells or 
shafts. Injection wells probably would be the most feasible means 
of recharge in the Moscow basin, but other methods might be feasible 
locally. 

The suspended load of sediment. in surface wo.ter would be a. factor 
in determining the efficiency of any method of recharge. Clean water 
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is desirable for all methods and is generally considered essential for 
intake wells, because sediment would clog the aquifer around an 
intake well. A recharge system might include settling basins or 
other works for clarifying the recharge water. If surface water were 
to be used part of the time for municipal supply, a treatment plant 
would be an essential component of the system. At certain times 
more water might be available than is required for municipal use, 
and this surplus water, after filtration, could be injected into re­
charge wells. 

The rate of recharge through intake wells in the artesian aquifer 
would depend upon the hydraulic properties of the aquifer and the 
efficiency of the wells. In general, water ean be injected through a 
well at about the same rate at which the well can be pumped, assum­
ing a buildup in head comparable to the drawdown during pumping. 
Probably not all the recharge water could be recovered from the 
aquifer, because some likely would join----<>r restore-the natural 
movement of water out of the basin. 

LOGS AND RECORDS OF WELLS 

The well logs in table 1 were obtained from drillers and well 
owners. 

The 40 wells listed in table 2 include wells tapping the confined 
(artesian) aquifer and the unconfined (water table) aquifer. Wells 
are used for public, domestic, stock, and industrial supplies. One 
well (39N-5W-17dal), which supplies water to a cemetery, is used 
principally for irrigation. 

SUMMARY 

Moscow is near the west end of a small westward-facing amphi­
theaterlike drainage basin having an area of slightly more than 60 
square miles. Most of the basin is drained by the South Fork of the 
Palouse River and Paradise Creek. A small area in the northwest 
corner of the area is drained by Missouri Flat Creek. 

Crystalline rocks crop out in the highlands to the north, east, and 
south of Moscow and are believed to underlie the entire basin. These 
rocks are almost impermeable and form a basement floor beneath 
the water-bearing formations. A weathered mantle, at places re­
worked and somewhat sorted, consisting of sand, gravel, silt, and 
clay is older than the Latah formation and overlies the crystalline 
rocks. These materials form a conduit through which water moves 
from the surface in the higher areas to the artesian aquifers. Fluvi­
atile and lacustrine clay, silt, and sand compose the Latah formation 
and overlie the weathered mantle and the crystalline rock. At· least 
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two flows of the Columbia River basalt are interbedded with the 
sediments of the Latah formation. Sand beds in the Latah forma­
tion and permeable zones in the basalt flows are artesian aquifers and 
are the source of the public water supply for Moscow and the Uni­
versity of Idaho. Unconsolidated deposits of clay, sand, and loess 
()Verlying the Latah formation and Columbia River basalt contain 
unconfined water. 

In 1955 Moscow and the University of Idaho wells pumped about 
720 million gallons (about 2,200 acre-feet) of water from the arte­
sian aquifers. Continued decline of water levels in the artesian wells 
indicates that withdrawal plus the natural discharge from the arte­
sian aquifers exceeds the yearly increment. Future water needs of 
Moscow and the University of Idaho may be on the order of 1.1 billion 
gallons (about 3,400 acre-feet) by 1960 and 1.5 billion gallons (4,600 
acre-feet) by 1970. 

Water levels will continue to decline as long as withdrawals exceed 
the perennial yield of the artesian aquifers. Progressive increase in 
pumping lifts may eventually necessitate deepening existing wells 
<Jr drilling new wells. Thus increased, the overdraft on the artesian 
aquifers would only postpone and make more difficult an ultimate 
solution to the water-supply problem. The ultimate need is for an 
additional source of wat~r to be used directly or for artificial re­
charge to the artesian aquifers. 

A.vailable data are insufficient to permit determination of the an­
nual recharge to the artesian aquifers or the perennial yield from 
them. Recharge cannot be determined directly but can be determined 
indirectly from the amolmt of discharge and the changes in storage. 
Discharge consists of artificial withdrawal, which can be determined 
quite accurately if adequate records of pumpage are maintained, and 
natura 1 discharge. Natural discharge in the Moscow basin probably 
consists entirely of underflow out of the basin and can be estimated 
if the coefficient of transmissibility, the hydraulic gradient, and the 
eross-sect.ional area are known. These factors cannot be evaluated on 
the basis of data now available. Additional well data would be re­
<juired for determining the cross-sectional area of the aquifers and 
the hydraulic gradient; pumping tests would be required for deter­
minin~ the coefficients of transmissibility and storage. These data 
would be useful also in several other problems. For example, deter­
mination of the trnnsmissibility would permit computation of the 
rate nt which injection wells wonld accept water for artificial :re­
char~e of the artesian aquifers. The amount of head loss in existing 
wells (well loss), and thus the efficiency of the wells, could be det~r­
mi.ned. (Well loss is the component of drawdown in a pumped well 
I'e8ulting from the turbulent flow of water in the aquifer in the inime-
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diate vicinity of the well, through the well screen, and in the well 
casing.) Also, the optimum spacing, depth, and construction . of 
wells could be determined. 

The estimated average annual surface-water yield from the Mal­
cow basin is about 2.6 billion gallons (12,000 acre-feet), but the per­
centage that could feasibly be recovered is not known. The uncon• 
solidated shallow aquifers seemingly do not yield sufficient water to 
wells to warrant their consideration at this time as a source to meet 
large-scale demands. Furthermore, inasmuch as this shallow water 
is discharged chiefly into the streams of the area, it does not repre­
sent an additional independent source; any pumping of water from 
the shallow aquifers would reduce streamflow accordingly. 

Part of the 12,000 acre-feet of surface water available annually 
might be used for artificial recharge of the artesian aquifers. Sur­
face storage for recharge could be coupled with direct use of surface 
water in the municipal system. Efficient joint use of ground water 
and surface water could minimize the draft on each source and per­
mit recovery of the artesian pressure. In general, injection wells 
could be used to recharge aquifers, but other methods of artificial 
recharge also might be applicable. Possibly not all the water in­
jected into the artesian reservoir could be recovered because some of 
it might move westward through the aquifers out of the basin. 

The estimate of average annual surface-water yield of the basin 
is only roughly indicative of the probable amount of runoff from the 
basin because the records on which it is bo.o;;ed are quite inadequate. 
Systematic basinwide studies of the discharge and suspended-sedi­
ment load and the chemical quality of surface water in the Moscow 
basin should be made. 

Because satisfactory and economical solution of the long-range 
water problems depends upon the location and development of sup­
plementary sources of water, early initiation of an investigative pro­
gram would seem worth while. Present data. indicate that adequate 
new sources of ground water are not available within the basin. 
Future investigations of ground water as a. source of supplemental 
water would, therefore, have to be made in areas outside, but adjoin­
ing, the Moscow basin. The most promising new source of water 
within the basin is surface water, which is yet to be adequately eval­
uated. A program of basic-data collection might start with systema­
tic measurements of the discharge and suspended-sediment load of 
the streams in the Moscow basin. Systematic sampling and chemical 
analysis of the water should be done at the same time. Such a pro­
gram would be the first step in acquiring a water supply adequate to 
meet foreseeable needs and in providing a reserve for future growth 
and development. 
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T ABLB 1.-Loga of Vlfllla 

[Tbe well lop on Ole followiDc Jl8PI were obtaiDed fromdrlllen BDd wollo---. TbeoriPDailiormlaoiGIT 
of the lop Is mocllllacl slightly for -ty and clority1 

Tblok· Depth Tblok- = Material ness (feet) Material ness 
(loot) (feet) 

4tN-iW.-, R. T.- IIN1W-7edl, u.-, .t r.w..--c.t~a-
Sand __________________ 

90 90 Sand and gravel, 
Basalt, ha.rd ___________ 190 280 quartzose, water 
ClaY------------------ 30 310 ~ng ______________ 8 222 
Sand, micaceous, gra- Sand, quartzose, water 

nitic, water bearing •.. 46 356 bearing ______________ 8 230 
Sand, gray, g_ranitic, 

IIN1W--. Heo .. Cldtea 
water beanng ••.•.•.• 15 245 

Silt, gray, a.nd aome sand. _______________ 13 258 Soil_. _________________ 2 2 Sand, gray, granitic, Clay __________________ 75 77 a.nd silt------------- 12 270 Sand __________________ 15 92 Clah, chocolate to da.rk-
310 Clay __________________ 48 1{0 b ue, carbonaceous •.•. 40 Basalt ________________ 6 146 Clay' greenish-gray----- 25 335 <nay __________________ 10 156 Clay, gray ••••.•••••••• 5 340 Basalt ________________ 

60 216 Clay, brown a.nd 
Basalt, brown, fractured. 4 220 greenish-gray-------- 8 348 

Sand a.nd silt, granitic; 

IIN1W-Adl, WDllamJ•-.k. 
aome clay and basalt 
pebbles; water bea.r-

sa!.~; g;a-;;it.~; ·sc.~~ • - · • 
3 351 

Clay __________________ 20 20 
Sand, granitic .. ________ 80 100 green clay and basalt 
Basalt, black ___________ 165 265 pebbles; water be&r-

2 353 
Jng _________________ 

Sand, granitic, a.nd silt 
IIIN1W-tdd, J ... M • .t.,_. and clay •.. __________ 1 3M 

Soil ___________________ 
5 5 HN1W-Tdd, CIIJ of-,. Clay, sandy ____________ 115 120 

Basalt, black ••. ________ 253 373 
Sand, water bearing ..•• 3 376 Soil and clay. __________ 36 36 Basalt. __ . ____ • _______ 36 72 

SIN1W-7edl, UaiY-r.rtdabo GraveL •• ----_ .• ------ 5 77 
Basalt. __ ... _--------- 147 224 
Clay, blue-gray ________ 30 2M 

Clay, yellow ___________ 17 17 Sa~~~~i~: ~~~r~---Clay, blue, and graveL .• 12 29 19 273 
Basalt, vesicular ________ 36 65 Shale, sandy ___________ 6 27G 
Basalt, vesicular, and Sand and pebbles, 

basaltic glass ..••.•... 45 110 water-bearing. __ .---- 26 305 
Not recorded __________ 8 118 Sand, water-bearing .••. 7 312 
Basalt, vesicul&r, and Shale._. _________ ••••• 2 314 

basaltic glass .•••.•.•• 7 125 Silt, brown ____________ 11 325 Basalt ________________ 17 142 Silt and pebbles .••••.•• 30 355 
Basalt, vesicular ____ .••• 3 145 Shale, miCaceous ..•... _ 40 395 Basalt ________________ 29 174 Shale, sandy ___________ 49 444 
Basalt, vesicula.r ________ 9 183 Sand, water-bearing ...• 18 462 
Clay, gray, and silt. •••• 12 195 Shale, brown ___________ 38 500 
Clay, gra~ and silt; a Shale, micaceous, and 

few sm I pebbles of pebbles ..•.•. _ •.•• _ .. 25 525 
qua.rtllite ..••• _. ___ •. 12 207 Shale, brown ___________ 28 553 

Ssnd, eolll'!lll, quartzose, Basalt, ha.rd (1) _ ••• _ .• _ 7 560 
water bearing ..••.••• 7 214 
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TABLE 1.-Loga of well.o-Continued 

Tblell:· Depth Thick- = Material ..... (feet) Material -(feet) (loot) 

ltN-IIW-. Cil~ or M-w 31N-iW-8cldl. CitJ or ~w--Coada-

Clay, yellow ___________ 80 80 Basa.!t, flaY----------- 129 237 
Clay and graveL _______ 5 85 Basa.lt, lack, porous ____ 9 246 
Clay, &cllow ___________ 10 95 Basa.lt, black, dense _____ 4 250 
Clay, "tt-fe:y, sticky __ 45 140 Basa.!t, c::,rous, and clay_ 8 258 
Basalt, ro en, and Clay, b k and brown, 

black clay ___________ 6 146 some fragments of 
Basalt, black, porous. 

wood _______________ 
2 260 

Lost drilling water ____ 51 197 Clay, bellow ___________ 5 265 
Basalt, black, broken ___ 8 205 Clay, lue _____________ 22 287 
Sand and graveL _______ 6 211 Clay, blu&gray ________ 9 296 Basalt, black ___________ 35 246 Sha.le, blue ____________ 4 300 
Basalt, fractured _______ 4 250 Clay, gay _____________ 30 330 Basa.lt, black ___________ 27 277 Clay, own ___________ 2 332 
Basalt, black, dense, Clay, ~ay _____________ 8 340 

very hard----------- 62 339 Clay, rown ___________ 20 360 
Basalt, fractured; some Clay, va~ted-------- 6 366 

water at about 354-- Basa.!t boul crs, black. __ 4 370 359ft _______________ 19 358 Clay, blue _____________ 10 380 Clay __________________ 
1 359 Clay, brown ___________ 40 420 

Basalt, fractured; some Clay, blue _____________ 5 425 
water ____ ----- __ ---- 13 372 Clay, sandy ____________ 10 435 

Sand, granitic; some Clay, brown ___________ 15 450 
water __________ .---- 1 373 Clay, blue _____________ 18 468 

Clay and sand--------- 127 595 
ltN-IIW--1, Ciq or M-w 

Basa.!t, gray, some pyrite_ 5 600 Basa.lt,gray ___________ 95 6\)5 
Clay, brown ___________ 25 720 SoiL __________________ 5 5 Clay and granitic sand __ 15 735 

Clay, rellow ___________ 10 15 Clay, gay and green ____ 20 755 
Grave and clay, yel- Clay, rown ___________ 10 765 

low ____ • ____________ 5 20 Clay,graf------------- 3 768 
Clay, yellow ___________ 30 50 Clay, var~egated ________ 22 790 
Cla:rt brown ___________ 10 60 
San and clay, brown ___ 15 75 ltN-IIW-U.CI, M-w Golf~ 
Basa.lt, ~BY----------- 5 80 
Basa.lt, lack, vesicular __ 10 90 
Basalt, black, dense _____ 125 215 Soil and clay ___________ 61 61 
Basalt, dark-gray; frao-

Basa.Jt ________________ 
139 200 

tured zones common; Sand, red, quartzose, 
water-bearing ________ 30 245 partly consolidated; 

Clay, P.Y------------- 10 255 water bearing ________ 3 203 
Clay, light-gray, water-

bearing. Well 
IIN-IIW-1"-ll, I. C. PoriMr phij!ged with fr.avel 

an concrete rom 
250 to 282ft _________ 27 282 Soil, sand, and some 

graveL ___ --- ___ ----_ 18 18 
31N-IIW-8cldl, Ciq .. r M_,.w 

Basa.lt, vesicular ________ 13 31 

Soil ___________________ 
4 4 31N1W-17dal. S...t M•••MJ. ~ 

Clay __________________ 6 10 
Clay and graveL _______ 10 20 

Soil ___________________ 
5 5 

GraveL __________ ----- 1 21 8:~: &~~;&iiliiioffiii- 16 21 
Clay, bellow ___________ 34 55 
Clay, rown ___________ 5 60 gravel ________ ------- 8 29 Clay, black ____________ 15 75 Clay, yellow, and gravel; Basa.!t, black ___________ 33 108 some water---------- 10 39 
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TABLI!l 1.-Logs of -a-continued 

Thick· Depth Tblok· Depth 
Material ness (feet) Material """" (feet) 

(feet) (feet) 

UN-IW-1741al. s.u.et: M ••rial G .... Coa 8tN-liW-17dol. s..-M-w G•-CoL 

Gravel, some clay, yel- Cia~ brown, mieaceol18. 40 450 
low·-·-------------- 14 53 San , gray, mic&eeol18, 

Clay, brown, some wood water bearing. _______ 65 515 
fragments_. ____ ----- 2 55 Clay, brown, sandy, 

ClaY. and silt, brown, micaceous ___________ 35 550 nucaceous ___________ 30 85 Basalt, black, dense _____ 2 552 
Clay, gray, sandy ______ 5 90 (Hole filled back to 508 
Basalt, black, dense _____ 160 250 ft.) 
Basalt, black, broken, 

and gray mieaceous 
atN41W-llllal, Uaiftnl9 .n-clay ________________ 5 255 

Basalt, black, broken. __ 5 260 
B&S&lt, black, broken, Clay __________________ 36 36 

and yellow sandy 
Sand __________________ 

4 40 
micaceous clay _______ 12 272 Clay, white ____________ 35 75 

Cl:;~~:~ _IIl~-~~~- __ Clay, white, some wood 
38 310 fragments._--------- 23 98 

Silt an clar, gray, Basalt, very hard _______ 207 305 
sandy,mteaceous _____ 30 340 Sand, some wood frag-

Sand,gray,siltybemi- mente, water beariiig __ 15 320 
caceous water &ring_ 70 410 Clay, blue, and sand ____ 10 330 



J.'A.BLia J.-.decoda oj ~lla in MoaeotD ba&in, ". J.ah.o 

Depth o! well: M, measured, to noarest tenth of a loot; other depths reported and not Use of wOn: A., abBlldoned or destroyed; D, domestic; Ind., lndiiSirlol; Irr.,lrrfgotlon; 
DOnftrmed by measurement, to nearest root. 0, observation; PB, public supply; S, stock; U, unused. 

Type of pump: P, piston; J, Jet; T, turbine; N, no PUDlP. 

Well number 

.ON-6W-30cal. .•..••••. 

16aa2 •••••• 
!Sad! •••••••••• 
18bal •• --------
3lcbl •• --------

liiiN-6W-JeaL ••.••.•••• 
!deL ••••.••••• 
JSdbL ••.••••. 
13C81 •••••••••• 

Name of owner or well 
Year 

drilled 
or con· 

otructed 

Depth of 
well 
(feet) 

301l(M) 
88 
211(M) 

204 
11 

220 
:130 
~ 
88.6(MJ 

376 
88 

31111 
246 
1!80 
246 
23l(M) 
341 
373 
2110 
1.0 
7110 
liM 
22(M) 

203 
1!12 
30(M) 

Coslng 

Diameter DOJ>th 
(!nohee) (feet) 

6 
6 

--------6-
64 
6 
6 
6 
6 
6 

12 
6 

20 
18 
16 
12 
8 
6 

24 
20 
6 

12 
12 

8\012 
6 
6 

10 
8 
6 

64 
6 
6 
6 

Water level 

Type of 
pump Dateormeas-

urement 

88.4 ~~88 60.3 
u 
D,S 
A. 
D,S 
D,S 
D,S 

13.8 11/10/63 
30.0 liMB 
2.0 t1Jdsi2 170 

220 19112 
130 11/10/63 

120 
26 
47.2 

100 
101 

114 1964 
96.0 
88.1 

188 
PS 240 
PS 110 
u lO'J. 8 
D 

.. ________ 
D,S 
0 

160 
16.3 

Irr 20 
u 33.0 
D,S 14.1 

1.0 
18.4 
.0.6 

124 

0 

~ 

~ 
~ 
~ 
1!;1 
l:d 
>a 
!:" 
0 
tU 

~ 
~~ 
15: 
0 
F:l 
~~ 

~ 
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Pap 

JleiuooofJedlpo>onto ...••..•••••.••••••• ________ 326 

AJiu'riopl- ----------------------------------- 33.'1 
Aqullon. &e Ar- aquifers, UneonliDed 

aqulfen. 
ArtHiau aqulf..., recharge_----- 33'1, 140, 347-1148 

stratiJrapblo relations.------------------- 33.'i 
water Ienis ••• ------------------------- 840--Ml 
wllbdrawals ________________ • ------- 331-112, 845 

Basoltllows, orlllln--------------------------- 8112 

Colcium bi<Oirbonate. ------------------------ 343 
CalcbmeDt and eaobarce ..,. ___________ 340,341, 342 
Cbemlcol aualywoo, ground water ••••• ________ 3« 

ColUmbia Plateau---------------------------- 8112 
Col~bla River-~----------------- 11112,316.340 
Crystalllue roots.---------------------------- 332 

Deptb to wator. ----------------------- 338,MIHI41 
Diacbarce, ground-water----------- 331-lla2.343. 346 

surfaoo water-.-------------------------- 337-338 

I>rah>oB•------------------------------------- 329 

Evapotnm8)>lratlon ___ --- -----------·-- 337, 341-343 

(leoJoclc history .•• ------------------------- 332,336 

Hardneu al-l«---------------------------- 342 
Hycbqrapbs... ----------------------------- iHO. 341 
lnduotrlalwaler aupp)y, .....,. __________ 330,338,340 

JnjectiOU wello •• ------------------------------- 347 
Jn-ptiOD, leu all)n!dpltetlon-............. 342 

Iron -tent orwaw ----------------------- 343. 3411 
Jri1ptlon watoe, .........,ptlve .,.. __ ·------- 341-342 

Lal&b fenii&UQD,.olzallpaphlo relallonoblp_. 332,336 

artoo1an waler- ------------------------- 338,340 

M-besln •• ---------------------------- lmll,aal 
332, 136, 13'1, 338, 341,343. 346,347, Mt, 3tlO 

.MOBCOW Mountatn.---·-------------------- 829,330 
Palowoe fcrmatlon ••••••. _____________________ 33.1 

PaJouee Hllla •• ---·------------------------- 32D, 33.1 
Palowoe R------------------------------ 3110,330 
PaJouee River-------------------------------- 820 
PaloW!o Rl-, South Fork.---- 337,329,330,337,347 

1'1&1 

Paradille Creek ••• --------------------- 337,117,H7 
Paradiso Rld&e----------------------------- 32D, 130 
Perclled ground water, de1IDIIIOD.............. II& 
Ph}'llocrapby. ----------------------------- llll-DI 
Ple&ometrlc -------------------------- 34IHI4l p- depoolts, ·-ft- II1'0Dild 

water-·--------------------------- 331 
Popalatlon.. • --- ___ -- --. ---- ___ -------- ------- H11 
ProclpttaUon. __________ Zl1H1311, 337, 32D, 341,30, HI 

PubUc water supply, soorce---------------- 810.140 
Pullman, Wash------------------------ -.as.m 
Quality at the water ________________________ ~ 

Recharge,------------------- 117,340,347,Ht a<tll'olaL •••••• _________________________ 34H48 

Ref ____________ ------------------------- :Ill 

Runol!. _ -----------· ------------------- 331, aa, 347 
Rural wate< supply,------------------ 3aU.IIil 

Silica content ________________________ --------- 148 

Subllmallon, loos at pnolpltatlOIL ••• --------- 342 
S"'"'- water. &e DISOharge, Bunolf, 8,. 

ponded-<!OCllrnent load. 
SUrlkllal depoolts_ ---------------------------- 3:11 
Suapended-eedlment ------------ 337-318, 347~8 
1'emperature _______________________________ 338,310 

1'be 1'wtna___________________________________ U9 

1'omK Bulle.------------------------------ IIII,DI 
1'ramplratlon. &e ll:vapotrauaplntlon. 

Unooaftned a~llllen, rooharle---------------- 317 
stntfcraphle: reJeHoJI•btp_________________ 335 

Underflow·-·------------------------------- 30,340 

Waleroonoumptloo, eotlmated ••• __________ 346.84tl 
Water-levelll-uatlons •••••••••• __________ 341H141 
Water sources, IUPPiomentM'J' .... __________ at6-at8 
Water tablo, del!nlllon_______________________ 1117 
Well leu, de11Dltlon ________________________ MII-3IIO 

Wells, lop .... ------------------------------ Ba-364 
numberbla syotem •• ------------------- a:r7-a28 
------------------------------ .. 331,355 water JoveJ _____________________ 3111,341Hl41,340 

Yield, .....-...-.ter .......... ------------- 347-110 

357 

0 
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EXPLANATION 

Water-table well 

0 @ 
Dom~tic and atock lndostrtal or public su1>ply 

Nonnowing artesian well 
• @ 

Oome.tic and stock lndusLnal or JlUblk supply 

., 
O.SLroyed well 

" Tick on well symbols indicates project 
observation well 

bol 
Well number 

Boundary or drainage basin 

Approximate boundary of catchment 
and recharge area or artesian aquifers 

APPROXIMATE M~AN 
OI:CLIN ... TION 1.60 

540885 0 - 60 (In pocket) 


