
PRELIMINARY REPORT ON THE GEOWGY AND WATER 
RESOURCES OF THE MUD LAKE BASIN, IDAHO 

By H. T. STEARNS and L. L. BRYAN 

INTRODUCTION 

LOCATION AND EXTENT OF THE REGION INVESTIGATE:P 

The region coyered by this report lies some distance north of 
Idaho Falls, Idaho. It is approximately bounded on the east and 
southeast by Henrys Fork and Snake River; on tll.e wrst by Birch 
Creek; on the north by the crest of the Rocky Mountains, which 
form the Continental Divide and the north boundary of this part of 
the State; and on the south by rolling lava plains that terminate the 
~fud Lake drainage basin. (See Pl. I.) This region is about 80 
miles long from east to ·west, has a maximum width. of about 60 
·miles, and coyers approximately 4,000 square miles. It is crossed 
by the 112th meridian and the 44th parallel and includes all of 
Clark County and parts of Fremont, Jefferson, Butte, and Lemhi 
countie.s. It includes approximately that part of Idaho north of 
T. 4 N. and between Rs. 30 and 42 E. Bojse meridian. Its altitude 
ranges from about 4,740 feet above sea level along Snake River in. 
the southeast corner of the region to mor~ than 10,000 feet in some 
of the peaks of the Continental Divide on the north. The altitude 
ot Mud Lake is about 4,780 feet. · 

The region investigated covers the drainage ba.sin of Mud Lake 
and such adjacent tracts as were suspected of influencing the surface
water or ground-water·supply of this basin. 

HISTORY OF THE WATER SUFFLY OF THE REGION 

Irrigation was first practiced in this region in the early eighties, 
when a few scattered hay ranches were being developed along 
Camas, Beaver, and Medicine Lodge creeks. At that time, ac
cording to early inhabitants, Mud La~e was merely a more or less 
intermittent pond, never covering more than a few hundred acres, 
whereas Sand Hole Lake, from all known records, never went dry. 
As early as 1870 a stage station on the route from Salt Lake City 
to Butte was situated on Sand Hole Lake. About 1895 irrigation 
began on the terrace southwest of St. Anthony lmown as Egin 
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Bench. About 1900, according to F. J. Hagenbarth, of Spencer, 
Idaho, J. L. Hoffman, of Camas, Idaho, and Frank Reno, of Reno, 
Idaho, water began to be noticed standing in pools just east of the 
railroad about 1 mile north of the present site of Hamer. 

In May and June, 1899, a meander of Mud Lake by the United 
States General Land Office indicated a water surface of 2,460 acres 
and dry lake beds to the south and west of Mud Lake occupying 
approximately 3,000 acres. From 1899 to 1908 the lake rose very 
little, if at all. In 1908 a survey of the lake made by 0. E. Peterson 
showed practically the same area covered by water as was shown by 
the survey made by the United States General Land Office in 1899. 
Mr. Peterson found all except one of the original Land Office monu
ments around the lake. From 1908 to 1914 the lake rose about 5 
feet, as indicated by a survey made by D. P. Olson in 1914, which 
showed a water surface of approximately 14,200 acres. This is 
the latest survey of any consequence until the present investigation 
was commenced. Unfortunately, no gage readings were made prior 
to 1921 to show the rise and fall of Mud Lake. 

In 1908 the first water filing was made on Mud Lake for irriga
tion, and in 1921 more than 150,000 acres was included in several 
projects for which it was planned to obta\n water from Mud Lake 
and near-by lakes and sloughs. This acreage was divided among 
two large Carey Act projects aggregating approximately 30,000 
acres and numerous private irrigation enterprises. 

PURPOSE AND HISTORY OF THE INVESTIGATION 

No thoro11gh investigation of the water supply of the region has 
hitherto been made.· Moreover, in view of the changing conditions 
caused by the relatively r~cent rise of the lake and of the surround
ing water table, some of the studies and reports that have bee·n 
made are likely to be misleading. Urgent need for a comprehensive 
and detailed investigation of the water supply of Mud Lake and the 
adjacent tracts of small lakes and shallow ground water has been 
felt for some time to afford a basis for intelligent decision by State 
and Federal authorities regarding numerous land and water filings 
that have been made by private and Carey Act irrigation enter
prises proposing to obtain their water supplies from Mud Lake or 
from adjoining water bodies. 

To protect investors and settlers it is necessary to know approxi
mately the annual water supply and to limit the amount of land 
brought under irrigation from this supply. Otherwise there will be 
overdevelopment, and the. water that accumulates in the lake each 
year will all be diverted before the need for irrigation is over. 
Thus those holding early rights will be deprived of their legitimate 
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supply, and the owners of la.t~r rights who may likewise have at
telh:pted in good faith to reclaim land will also suffer. Estimation of 
the available annual supply of I Mud Lake is peculiarly difficult be
cause of the large ame~nnt of ground water which it receives through 
seepage and because of variations in seepage accretions and evapora
tion losses with fluctuating levels of the lake and of the ground water. 
The problem is made more complex by the outstanding fact that 
within the last 25 years the water supply has n_otably increased. 

On account of these conditions a thorough investigation, including 
an inventory of the water supply, was necessary in order to ap
praise the possibilities for reclamation and to take definite and 
proper action upon the pending questions regarding desert-entry 
applications and the sale of water rights for the Carey Act lands. 
This investigation should serve a twofold purpose-it should result 
in full development of the available water resources and it should 
protect prospective investors and settlers from financial loss by show
ing the futility of development where no water supply is available. 

Financial support was given to the investigation by the I1aho De
partment of Reclamation, the United States General Land Office, the 
Idaho Bureau of Mines and Geology, and the United States. Geologi
cal Survey. The investigation was conducted under the technical 
supervision of C. G. Paulsen, district engineer, and 0. E. Meinzer, 
geologist in charge of the ground-water division, both of the Geo
logical Survey. The geologic work was assigned to H. T. Stearns 
and the hydraulic engineering to L. L. Bryan. · 

Field work was begun in March, 1921. Systematic records were . 
obtained of precipitation, temperature, wind movement, stream flow, 
seepage losses and gains, pumpage from the lake, evaporation from 
land and lake pans, evaporation and transpiration from a tule pan, 
water levels in Mud Lake and several of the smaller lakes, and water 
levels in about 400 wells. A plane-table traverse was made of Mud 
Lake and adjoining lakes, sloughs, and swampy areas, and soundings 
were made to determine the capacity of the lake at different stages. 
A detailed geologic map of most of the Mud Lake basin and a recon
naissance geologic map of the rest of the region were made. Many 
miles of levels were run, and contour maps of the land and of the 
water table were constructed. With these data the source, ~ove
ment, and disposal of the ground water were largely determined, 
and inventories were made of the total water supply of the basin. 

In June, 1922, a preliminary report on the region covering the · 
period from April 1, 1921, to March 31, 1922, was made public in 
mimeographed form. Field work was continued during the sum
mer of 1922, and records of precipitation, evaporation, stream flow'" 
·pumpage from the lake, and water levels in wells are still being 
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obtained. A final report on the geology and water supply of the 
Mud Lake basin is in preparation. The present report is a brief 
description of the geology and hydrology of the basin, with inven
tories of its water supply for the years endin! March 31, 1922, and 
March 31, 1923. 
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TOPOGRAPHY 

The northern ·part of the region is occupied by the Rocky Moun
tains. Farther west are the Lemhi and other ranges, forming an 
extensive mountainous country. South of the mountains lie the 
Snake River Plains, which are underlain for the most part by great · 
deposits of basalt that has been poured out at different times from 
many widely distributed craters. These erratic lava flows have 
piled up the basalt to higher levels at some distance from the moun
tains than in the vicinity of the mountains and have thus produced 
a large but shallow, undrained depression. Into this depression 
the streams from the mountains discharge, and if their waters are 
not entirely absorbed or diverted on the way they come to rest in 
the lowest parts of the depression. Thus, in flood stages, Camas 
Creek discharges into Mud Lake, whereas Birch Creek, Little Lost 
River, and Big Lost River discharge into "sinks" farther west, 
which are at nearly the same level as Mud Lake and are separated 
from it by only an imperceptible divide. 

The Mud Lake basin is regarded as including the drainage areas 
of Camas Creek and of all other streams that are tributary or po
tentially tributary to the lake. Thus, it includes the drainage area 
of Medidne Lodge Creek, which flows toward the lake but in all 
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seasons dries up before it reaches the lake, but not that o£ Birch 
Creek, whose flood waters come to rest in another " sink." The 
investigation, however, was carried east to Henrys Fork. and west 
to Birch Creek in order to determine whether the adjacent tracts 
contribute in any way to he water supply o£ this basin. In· this 
report the term "Mud La e region" is used in a general sense to 
include the Mud Lake basi and adjacent areas. 

The Rocky Mountains £ rm a rugged belt 20 to 30 miles wide, 
with peaks rising to about 10,500 £eet above sea level. The lowest 
pass through the mountain is at the point where they are crossed 
by the Oregon Short Line, tan altitude o£ 6,700 £eet. 

Big Bend Ridge is ap roximately 8 miles ~ide and extends 
north from Henrys Fork ne _r St. Anthony £or 18 miles. It reaches 
a maximum altitude of ab ut 7,500 feet. The ridge is separated 
from the Rocky Mountain . to the north by the wide valley of 
Sheridan Creek, which is tr butary to Henrys Fork. 

From the edge o£ the mo ntains a smooth alluvial slope, built up 
of gravelly debris deposite by streams, extends down to the lower 
parts of the basin with con tantly decreasing gradient. The lowest 
part of the basin, lying fa thest £rom the mountains, is, however, 
nearly level, and south of ud Lake it has a very gentle northward 
gradient. This exceedingly flat plain adjacent to Mud Lake extends 
southwestward from the lak fully 30 miles with very little change in 
altitude. It is apparently t e bed of an ancient lake. 

The alluvial slope and I w, flat plain are in many places inter
rupted by lava buttes and ,ndulating lava plains. Some o£ these 
are older than the slope and 1

1 
plain and stood too high to be covered 

with the sediments deposited by the streams and lake. Others are 
younger and are composed of lava that was extruded through the 
sediments and poured out ov1er them. The part . of the region lying 
east of the railroad that passes through Hamer consists largely of 
undulating lava plains with numerous lava buttes. Thus Camas 
Creek has practically no alldvial slope. · 

About 6 miles west of St. Anthony are the Juniper Buttes, a 
small group of lava and sa:q.d hills that are nestled together more 
or less in the form of a circle with a depression in the center. Sand
hill Mountain is one of these hills whose rock core is almost buried 
by migrating dunes. North of Mud Lake is an extensive lava plain 
with fantastic buttes. Southwest of Mud Lake are Antelope and 
Circular buttes, two volcanic cones that project above the low plain. 
South of the low plain the lava fields of the Snake River Plains 
extend indefinitely, forming the south rim of t.he Mud Lake basin. 

Mud Lake and the "sinks" farther west occupy shallow but defi
nite depressions in the low plain which were formed, at least in part, 
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by wind erosion. Some of the numerous small lakes, ponds, and . 
sloughs north and east of Miud Lake occupy depressions made by 
the wind, and others occupy ~epressions in the lava. The depression 
occupied by the main body o~ water of Mud Lake owes its origin to 
a recent fault that forms a part of its north boundary. 

Stretching southwestward lfrom St. Anthony, on the left bank 
of Henrys Fork, is a river ~errace known as Egin Bench. It' is 
approximately 14 miles lorig land 4 miles wide. It is underlain by 
gravel and sand, and, altho~gh it appears flat, it has an average 
gradient of about 10 feet to [the mile~ It lies outside of the Mud 
Lake basin but within the re~ion covered in this investigation. 

qEOLOGY 
I 

Archean system.-The olde~· t rocks that crop out in the region are 
of Archean age. They are e posed in the regiof!: of Sawtelle Peak 
southwest of Henrys Lake an consist of marble and quartzite. 

Carboniferous systern.-B tween the headwaters of Sheridan 
Creek and Sawtelle Peak thi~k beds of Carboniferou.s age crop out 
along the Continental Divid~. Fossils collected on the divide were 
identified by G. H. Girty a~ belonging to the Madison limestone 
(lower Mississippian). The !Phosphoria formation (Pern1ian) also 
~rops out in this region. 1fhick deposits of Carboniferous rocks 
are exposed in the Rocky ~iountains from Medicine Lodge Creek 
westward. Approximately $,000 !eet of Carboniferou.s strata &re 
exposed in the canyon of t~is creek. Throughout the region the 
Carboniferous beds have a t' eneral dip to the east. They consist 
of bluish-gray sandy fine-g ained limestone. A few fo,ssils were 
collected in this region whie Mr. Girty identified as belonging to 
Mississippian and Permian 4eposits. He provisionally referred the 
Permian fossils to the Phos~horia formation. Thus there is in this · 
region a series of beds that Lcorrespond probably to the phosphate 
beds at the headwaters of ~hotgun Creek, and this suggests the 
possibility that economic pho~phate deposits will be discovered in the 
future in this region. The ¢arboniferous rocks in an adjacent area 
have been described by Ump eby 1 and bear an important relation to 
the drainage of the region, f r it was the deformation of these strata, 
together with subsequent e osion, that determined the valleys of 
Birch and Medicine Lodge reeks. 

Triassic system.-In the c urse of the field work a series of thick
bedded red sandstone and c nglomerate with thin beds of fossilif
erous limestone was discove ed at the headwaters of Irving Creek, 
a tributary to Medicine L~dge Creek. Fossils collected at this 

I 

1 Umpleby, J. B., Geology and ore ! deposits of the Mackay region, Idaho·: U. S. Geol. 
Survey Prof. Paper 97, p. 29, 1917, 1 
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locality were identified by G. H. Girty as coming from the Thaynes 
limestone, of Lower Triassic age. The Triassic deposits are several 
thousand feet thick and form the crest of the Rocky Mountains for a 
number of miles. The beds in general dip to the northeast. 

Cretaceous system.-Overlying the Triassic beds and extending 
eastward beyond the limits o£ the region investigated are light
yellow clay and sandstone, believed to be of Cretaceous age. They 
are extensively exposed in the mountains along Beaver Creek. 
Along the Continental Divide north of Camas Creek the Cretaceous 
rocks contain a bed of bituminous coal 32 inches thick. The aban
doned. Scott & Bucy mine is located on an outcrop of this coal bed.2 

Tertiary and Quaternary systems.-The Paleozoic and Creta~ous 
formations are largely covered by Tertiary and Quaternary vol
canic and sedimentary deposits. The volcanic rocks consist of 
rhyolite, obsidian, tuff, andesite, and basalt; the later eruptions are 
almost entirely basalt. Rhyolite, obsidian, and tuff are found chiefly 
in the mountains, but they also form the Juniper Buttes, which are 
outliers of the Yellowstone plateau. Basaltic lavas erupted from 
vents in the mountains flowed down the principal stream valleys. 
Later the beds of basalt were eroded by the streams, which cut nar
row gorges in the black rock. Great quantities of basalt have been 
erupted from about 150 c~aters and fissures throughout the Mud 
Lake basin f:rom the Pliocene epoch of the Tertiary period almost 
to the present time. · 

During the Miocene epoch, before most of the lava was poured 
out, a huge lake existed in southern Idaho and adjacent areas, as is 
shown by numerous outcrops of a thick series of strata of sand, 
clay, and gravel. This ancient lake is called Lake Payette, and the 
lake deposits are called the Payette formation.3 How far these 
lake beds extend toward the northeast ben~ath the thick deposits 
of lava has presented a problem for many years. Umpleby 4 found 
Miocene lake beds of sand and clay extensively exposed in Lemhi 
Valley and believes that these beds extend southward under the Birch 
Creek valley and belong to the Payette formation. According to 
Frank Reno, the well at the Reno ranch penetrated 160 feet of sand
stone below 380 feet of gravel. This record tends to confirm Um
pleby's conclusion and to suggest that the Payette beds extend 
beneath the Mud Lake basin, although they are not known to crop 
out anywhere 1n this region. 

2 Mansfieid, G. R., Coal in eastern Idaho: U. S. Geol. Survey Bull. 716, PP'· 123~153, 

]921. 
3 Llndgretn, Waldemar, U.S. Geol. Survey Geol. Atlas, Boise folio (No. 45), 1898. 
4. Umpleby, J. B., Geology and ore deposits of the Mackay region; Idaho: U. S. Geoi. 

Survey Prof. Paper 9·7, p. 20, 1917. · ' 
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Beneat~ the alluvial slope and the low plain of the Mud Lake 
basin lie deposits of gravel, sand, silt, and clay that have been 
penetrated by many wells. Near the mountains these deposits con
sist chiefly of coarse gravel. Down the alluvial slope the gravel 
gradually becomes finer and eventually gives way largely to sand. 
Beneath the low plain the sand, for the most part, gives way to silt 
and ciay. The clay beds underlying the low plain are consistently 
fine textured and indicate deposition in the quiet waters of a lake. 
They range in thickness from a few feet east of Hamer to at least 
180 feet south of Mud Lake. Their southerly extent is unknown 
at present because of vast unexplored lava fields extending in that 
direction. It is not known whether these beds were laid down 
after the present depression came into existence, and are therefore 
terminated by -the lava on the south side, or whether they continue 
southward and pass under the upper beds of lava. 

Fragments of fossil bones were found at two localities in the 
gravelly deposits of Medicine Lodge Creek (NW. 14 sec. 15, T. 7 N., 
R. 33 E., and SW. 1;4 sec. 28, T. 8 N., R. 33 E.) and in volcanic ash 
at a point northwest of Dubois (NW. 14 sec. 9, T. 11 N., R. 35 E.). 
These bones were identified by J. W. Gidley, of the United States 
National Museum, as belonging to species of camels and elephants 
of probable Pliocene or early Pleistocene age. The silt and clay 
beds underlying the low plain are apparently of about the same 
age as the deposits in which the fossil bones were found and are 
therefore distinctly younger than the Payette formation. 

The large numbers of volcanic cones in the region probably range 
in age from early Pliocene nearly to the present.· Their differences 
in size and shape are due to many causes. Such low cones as Cir
cular and Antelope buttes, southwest of Mud Lake, are relatively 
very old and have been greatly weathered and partly buried by 
clay deposits of later origin. The Mud Lake craters, which in 
perfect symmetry rise so abruptly north of the lake, show by their 
degree of preservation that they are much more recent. Moreover, 
in the walls of some_ of these craters are found large chunks of 
baked clay and sandstone brought up from the sediments through 
which the lava came. They are evidently younger than some of 
the sedimentary deposits underlying the Mud Lake basin. 

As volcanic eruptions have occurred at many different times, now 
in one part of the region and then in another, the lava has become 
interbedded. with the deposits of gravel, sand, and clay in a very 
intricate and irregular manner. The structural relations between 
the lava and the gravel, sand, and clay have to some extent been 
deciphered through th~ study of well logs, but they are far too com
plicated to be completely determined. The investigation has shown 
clearly that these structural relations absolutely control the occur· 
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renee and head of the ground water and the a vail able supply of both 
ground water and surface water in the Mud Lake basin. 

SOIL 

In the mountains of this region there is very little agriculture 
because of the high altitude and the lack of soil, but in the main 
valleys agriculture is successful because of protection from severe 
storms, plenty of water; and good soil. · · 

Wherever fresh lava does not lie at the surface the Snake River 
Plains , are generally covered with a clayey soil, most of which is 
deposited from dust-laden winds sweeping across the desert. Wher
ever it is irrigated this soil produces excellent crops. It is also a 
good soil for dry farming. Where it is not cultivated, it produces 
native grass and sagebrush in abundance. If it were not for this 
loess-like soil, tens of thousands of acres of rather recent lava which 
are now so valuable for sheep grazing would be barren and worth
less. Here truly," it is an ill wind that blows nobody good." 

The soil south and west of Mud Lake is a clayey loam, which is 
very productive when irrigated. It is remarkably free of any coarse 
material and does not vary notably in texture except where the 
clayey material is covered by wind-blown sand. In the region north 
of New Monteview the soil is clayey loam with a few streaks of pea
sized gravel. 

The Mud Lake basin as a whole is remarkably free from alkali. 
Except in the vicinity of Spring Lake and along the sloughs in other 
localities, alkali has not been brought to the surface in such qua.nti
ties as to be detrimental. 

The Juniper Buttes are largely covered with a heavy loam that in 
some years yields cereal crops without irrigation. Thousands of 
acres in the vicinity of the Juniper Buttes are, however, covered with 
migrating sand dunes of the cusp type, some of which reach heights 
of 200 feet. · 

The upper part of Egin Bench consists of loam underlain by 
gravel, but this soil changes progressively to a sandy loam and to a 
black sand toward the south and west. On account of the great 
permeability of the soil and subsoil Egin Bench requires an excessive 
use of water for successful cultivation. The entire bench is sub
irrigated by building up the water table. 

VEGETATION 

As can be seen from the records of precipitation, the Mud Lake 
basin is an arid region. Sagebrush is the most abundant native 
plant, growing luxuriantly almost everywhere except in the swampy 
tracts, where it has been killed by the rise of the water table. White 
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or sweet sage, rabbit brush, and Russian thistle are also common 
throughout the region. Above altitudes of 4,500 feet buck brush 
and. chaparral are found. 

Around Mud Lake and the sloughs near by are luxuriant growths 
of marsh grass and tules. Where the sagebrush has been killed by 
the rise of the water table, greasewood, wild rye, and squirrel tail 
have grown up in its place. 

The mountain areas support good stands of Douglas fir and lodge .. 
pole pine. 

CROPS 

Dry farming, or farming without irrigation, has been tried in 
several parts of the region. It has been partly successful on the 
high slopes north of Dubois between Medicine Lodge and Camas 
creeks and in the vicinity of the Juniper Buttes. In the country 
adjacent to Mud Lake dry farming has been a complete failure. 

A. verage yields of irrigated crops per acre in the vicinity .of Mud 
Lake are as follows: Alfalfa, 3 to 4 tons; wheat, 30 to 40 bushels; 
oats, 50 to 60 bushels; potatoes, 100 sacks. In the Camas Meadows 
the main crop is hay. 

CLIMATE 

Preeipitation.-Precipitation records covering a number of years 
have been obtained by the United States 'Veather Bureau at several 
points in or near the Mud Lake region. In connection with the pres~ 
ent investigation records have been obtained since the early part of 
192:b at the First Owsley pumping plant and at Camas, Monteview, 
and Magill's ranch, near the West Hamer bridge. (For locations 
of rain gages see Pl. II; for precipitation data see pp. 101-102.) 
The First Owsley pumping plant is about 1 mile east of Terret~ 
and about 1 mile south of Mud Lake. At this plant, which is in what is 
probably the driest part of the region under investigation, only 8.29 
inches of precipitation was recorded for the year ending March 31, 
1922, and 8.20 inches for the year ending March 31, 1923. At 
Camas a five-year record (1908-1912) shows a mean annual precipi-' 
tation of 10.85 inches. At higher altitudes the precipitation is some
what greater. Thus at Spencer, about 1,000 feet higher than Mud 
Lake, the mean annual precipitation (1915-1921) is 17.22 inches, and 
at Kilgore, which is at nearly the same altitude as Spencer, the 
mean (1912-1916) is 22.32 inches. At A.rco, on the plain 40 miles 
west of Mud Lake, the ~ean (1901-1921) is only 9.61 inches. At 
Idaho Falls, 40 miles southwest of Mud Lake and slightly lower, 
the mean (1880-1921) is 14.22 inches. At Sugar City, 33 miles 
directly east of Mud Lake, the mean (1907-1921) is 12.26 inches. 
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Temperature.-The mean temperature during the year ending 
March 3l, 1922, was 38° at Mud Lake (First Owsley pumping 
plant), 42.8° at Idaho Falls, 36.2° at Lake, and 40.9° at Lost River. 
During the same period the mean was 47.6° at Pocatello and 50.6° 
at Boise.. The mean temperature at Mud Lake for January, 1922, 
was 3 °, which, according to the United States Weather Bureau, was 
a lower mean for the same month than at any other station in 
Idaho. During the year ending March 31, 1922, the minimum tem
perature at Mud Lake was 36° below zero, on January 19, 1922, and 
the maximum was 96° above zero, on July 9 and 21, 1921. 

Wind movement.-Records obtained from Aprill, 1921, to March 
31, 1922, from the anemometer installed at the First Owsley pump
ing plant in connection with the evaporation pan at that place, 
which is about 3 feet above the ground surface, showed the mean 
wind movement to be 4.7 miles an hour. The prevailing direction 
of the wind was from the southwest. During the spring the wind 
velocity was usually high. The mean monthly velocity ranged from 
7.3 miles an hour in May, 1921, to only 2.7 miles an hour in January, 
1922. The mean hourly wind movement during 1_921 was 5.3 miles 
at Boise, 8.97 miles at Pocatello, and 8.24 miles at Y ello·wstone. 

Evapormtion and transpiration.-It was necessary to determine as 
closely as possible the heavy losses due to evaporation and transpira
tion from Mud Lake and from the large adjoining water-covered 
and marshy areas. A land evaporation pan was installed at the First 
Owsley pumping plant, in connection with other Weather Bureau 
instruments, on April 27, 1921. (See Pl. II.) The pan is 6 feet in 
diameter and 30 inches high, is made of galvanized iron, painted 
black on the outside, and has a covered 2-inch stilling well on the 
outside of the pan. It rests on l-inch planks laid flat on the ground. 
It was kept filled with water within 2 or 3 inches of the top. The 
height of water in the pan was read daily at 7 a. m. by Paul D. 
Bonnel. Readings were obtained to thousandths of an inch by means 
of a micrometer. 

A floating evaporation pan was installed on August 3, 1921, near 
the mouth of Camas Creek, in the backwater of Mud Lake, at 
Magill's ranch, about 2 miles southwest of the West Hamer bridge, 
5 miles west of Hamer, and 5 miles northeast of the land e-vaporation 
pan. (See Pl. II.) The pan is made of galvanized sheet iron, 4 
feet in diameter and 3 feet deep, with covered stilling well 2 inches 
in diameter outside the pan. The pan was floated on a raft made 
of 2 by 12 inch timbers. The top or rim was about 2 inches above 
the water surface. A platform from the bank to the pan was con
structed on piles. The water level in the pan was read daily to 
sixteenths of an inch by C. 0. Magill. A standa:.;d rain gage was 
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installed 300 feet east of the pan, and rainfall records were obtained 
while the pan was in operation. 

The tule-covered parts of the lakes and the adjoining marsh lands 
together occupy about three times as much area as the tracts of 
open water (where there is no vegetation), and they undoubtedly 
discharge vast quantities of water by transpiration. To aid in 
determining this loss a pan in which tules were grown was installed 
on June 13, 1921, in a marsh 1 mile north of the land evaporation 
pan. (See Pl. II.) This pan is, made of heavy galvanized sheet 
iron, is 4 feet in diameter and 4 feet deep, and has a covered stilling 
well 2 inches in diameter inside the pan. The pan was sunk in the 
mud so that the rim was _only about 4 inches above the ground sur
face and was filled with earth and water to a level 6 inches below 
the outside ground surface. Clumps of tules in about the same 
density as in the surrounding area were transplanted into the pan, 
care being taken to damage the roots as little as possible. The pan 
was next filled with water and allowed to stand a day before read
ings were commenced. Daily readings were not obtained on account 
of the isolated location of the pan, but readings were made weekly, 
and at those times the pan was refilled within 3 inches of the rim. 
The tules in the pan showed the same growth as the plants in the 
adjoining marsh. 

The results of the observations on the three pans are shown 
graphically in Figure 7. Monthly summaries and means are shown 
in the table on pages 101-102. 'nle following conclusions have been 
reached from a study of the data : 

1. Evaporation from the land pan varied directly with the tem
perature and also showed considerable variation due to the strong 
winds that intermittently swept the region in the spring. 

2. Evaporation from the floating pan was only about 75 per cent 
as great as evaporation; fr·om the land pan. The difference is ex
plained partly by the £act that the temperature of the water was 
considerably higher in the land pan than in the floating pan and 
partly by the fact that the sides of the land pan were warmer than 
the sides of the floating pan, causing a larger loss from the land 
pan. Moreover, the flo~ting pan is east of the lake, on the leeward 
of the pr·evailing southwest winds, and is therefore in the belt of 
comparatively high humidity, whereas the land pan is on the south 
side of the lake and receives the dry southwest winds before they 
have touched the lake. 

3. The evaporation from the lake surface is believed to be even 
less than that from the floating pan, because the humidity is greater 
over the body of the lake than at the shore, thereby tending to lessen 
evaporation, and the loss from wave action on the inside of the 



FIGUBm 7.-Graphs showing evaporation fro·m land pa.n, lake pan, and · tule pa.n,. Mud Lake, Idaho 
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~im of the floating pan tends to make the evaporation from it 
greater. The effect of the wind on the lake surface in increasing 
evaporation is not believed to be large enough to balance the con
ditions that favor more rapid evaporation from the floating pan. 
The ratio of the evaporation from open water to the evaporation 
from a 4-foot floating pan is estimated by Mead 5 to be 0.83. To 
reduce the land-pan ~ecords to evaporation from the lake surface. 
it would accordingly be necessary to apply a coefficient of 0.83X0.75, 
or 0.62. A coefficient of 0.65 was somewhat arbitrarily adopted and 
was applied to the land-pan records in determining the loss from 
the- open-water areas throughout the region under investigation
that is, the water areas without tules o~ other vegetation. 

4. The evaporation from the land pan from April1 to November 
30, 1921, was 4.94 feet (including estimates for April 1-23 and 
October 28 to November 30, when records were not obtained). If 
the coefficient 0.65 is applied to this figure, the loss by evapor~tion 
from the open water of Mud Lake during the same. period is found 
to have been 3.21 feet. The evaporation from the land pan from 
April 1 to November 30, 1922, was 4.83 feet (including estimates 
for April 1 to May 2 and November 1-30, when records were not 
obtained). Applying the coefficient 0.65 shows that the loss from 
t~e open water of Mud Lake during the same period was 3.13 feet. 

5. During the season of plant growth the total losses by evapora
tion and transpiration from the marsh and tule-covered water areas 
are considerably larger than the lofs by evaporation from open
water surfaces. Thus in July the lqss was about 12.6 inches from 
the land pan and 19 inches from the jtule pan, and in August it was 
about 9.8 inches from the land pan; and 18 inches from the tule 
pan. From June 13 to September 28, 1921, the loss was about 34.2 
inches from the land pan and 51.4 i:qches from the tule pan. 

6 Mea.d, D. W., Hydrology, p. 151, New York, *cGraw-Hill Pub. Co., 1919. 

I. 
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Surwmary of meteorologic data at Mud Lake, Idaho 

Month 

Air temperature 
(oF.) 

Evaporation (inches) 

Land pan Lake pan 

Transpira
tion and 

evaporation 
from tule 

pan (inches) 

Wind 
movement 

(miles) Pre
cipita

tion 
1----,-----:---1 (inches)l------1----:---1---:-----l----.,...--

Mean 
maxi
mum 

Mean 
mini
mllii( 

Mean Total ~:~ Total ~:~K Total ~!~~ Total M~~ 
hour 

-----1---·1--- ------------------------------
1921 

ApriL ----- a5Q. 5 a23. 7 a37.1 aO. 05 b 1. 05 b 0. 26 ------- ------- ------- ------ a1, 226 a 1. 3 
May ________ 66.1 41.3 53.7 2.24 7.94 .26 ______ _ ___ 5,409 7.3 
June._______ 78.6 49. 5 64. o . 36 10.49 . 35 ~------ ~=-~--- ~-8·.-85- ;o:49- 4, 040 5. 6 
July _________ 87.0 50.0 68.5 .62 12.56 .40 -.i7·.-1_4 _________ 18.98 .61 3,640 4.9 
August ______ 84.8 47.5 66.2 .23 9.78 .32 d0.26 17.98 .58 3,020 4.1 
September__ 69.9 32.8 51.4 . 42 7. 06 . 24 5. 06 .17 • 5. 54 • .. 24 4, 020 5. 6 
October_____ 67.1 26.5 46.8 .16 I 4. 23 I .16 g. 87 a .11 ------- ------ 2, 439 3. 3 
November__ 49.0 18. 3 33.6 . OS h 2. 40 . OS _______ ------- ------- ------ 3, 076 4. 3 

D::~r~~- ~--8._7_~_1:.:~ iL60 _:_~~=-::.::.:.::.::~==-::.:.:==.:~~ 
average_ ------- --------- ------- 6. 11 57. 11 . 23 13.07 .18 51.35 ______ 29,343 5.1 

1922 

Januaryi_ ___ 15.7 -9.6 3.0 . 79 ------- ------- ------- .............. ------- ------ 1,990 2. 7 February k __ 26.2 -4.4 10.9 . 39 ------- ------- ------- ------- ------- ------ 3,204 4.8 March ______ 134.8 '5. e 120.1 1.00 -,;-4:oi> ---:ia- ------- ------- ------- ------ 2, 603 3.5 April ________ m50.6 m24. 6 "'37. 5 .68 ------- ------- --o-:94- --:ia- 4,237 5. 9 
May-------- 66.7 37.2 51.6 1.18 "9.48 . 31 --6:79- ---:23- 5,600 7. 5 June ________ 81.9 45.3 63.6 . 62 10.47 .35 13.47 .45 3,485 4.8 
July--------- 85.8 49.2 67.5 .63 10.41 . 34 9.16 .30 21.42 .69 3,160 4.2 August ______ 84.4 40.9 62.6 2.02 8. 99 . 29 i>.40 .21 17.33 .56 2,865 3.8 
September __ 80.0 1143.4 1161.7 .00 7. 65 .26 6. 01 .20 10.26 .34 2,660 3. 7 October _____ 64.1 1133.5 1148.8 . 35 4. 83 .16 ------- ------- ------- ------ 2, 730 3. 7 November __ 1140.4 1116.4 1128.4 q. 55 "2. 00 .07 ------- ------- ................ ------ •2, 940 4.1 December ___ 30.4 8. 4 19.4 . 75 ------- ------- ------- ------- ------- ------ 2,740 3. 7 ----------------------------------

January_____ 30.0 
February_ _ _ 11 26. 7 6.1 18. 0· 11.82 ------- ------- ------- ------- ------- ------ 2, 430 

112.1 1114.4 . 45 ------- ------- ------- ------- ~------ ------ ~' 180 March ______ •33. 4 
•12. 8 •18.1 '.15 ------- ------- ------- ------- ------- ------ Incom-

3.3 
3. 2 

plete. 
April ________ "'57.7 .. 28.4 .. 43.0 . 95 "3. 00 .10 :rl. 99 .12 ------- ------ 4, 540 ---6:3 
May-------- 1167.2 1138.8 1153. 0 1. 59 7.14 . 23 4. 62 .15 _______ ______ 4, 460 6. 0 
June ________ 1171.0 1143.0 1157.0 1.80 7.61 .25 7.36 .25 •5.79 .31 4,060 5.6 
July _________ aaS7.5 ""53.1 aa70.3 1.40 11.42 0.37 9.43 0.30 11.70 0.38 3,590 4.8 
August ______ ""83. 3 ""47. 3 aa65. 3 1. 05 9. 19 . 30 8. 17 . 26 13.38 . 43 b&4140 bb 5. 6 
September.- cc76. 9 cc39. 8 cc58. 4 . 50 7. 20 . 24 6. 31 . 21 11. 06 • 37 4, 275 5. 9 
October _____ «56.2 ••27.2 «41.7 1.40 dd3.02 .10 -------------- ••.97 .06 2,955 4.0 
November __ • 0 48. 7 u15. 7 aa32. 2 . 00 "1. 92 . 06 ------- ------- ------- ------ 1, 580 2. 2 
December ___ If 31. 0 If 2. 6 If 16.8 . 00 ·------ ------- -----·- ------- ------- ------ lncom- If 2. 3 

--------~-------------- plete. ~-
T~~~~i_ 55.8 26.4 41.1 10.11 150.50 . 21 ------- (u) ------- ------ --------- ------

====·===,====-=== 
a April 24-30. 
b April 27-30. 
c June 13-30. 
d 27.5 days, Aug. 3-31. 
• Sept. 1-23. 
I Oct. 1-27; pan froze Oct. 27. 
g Oct. 1-8. 
" Estimated. 
; Estimated. Lake ice-covered Dec. 2Q--31. 
i Lake ice-covered. Minimum temperature, 36°, 

Jan.19. 
A: Lake ice-covered. 
117 days. 
•29days. 
"Estimated May 1-2. 
•May 24-30. 
, Dubois record used. 
c Monteview record used Nov; 18-80. 

r Estimated Nov. 18-30. 
• Corrected by Dubois record. 
1 Monteview record used. 
"Estimated Dec. 1-4. · 
• Dubois record Mar. 1-28. 
"'7 days from Idaho Falls record. 
z Apr. 15-30. 
1128 days. 
• June 12-30. 
aa 26 days. 
bb Uncertain. 
cc 24 days. 
dd Estimated Oct. 7-13, 18-31. 
•• Oct. 1-16. 
1122 days. 
u Tule-pan record lower for 1923 than for 1921 and 

1922 because plant growth in pan was not nor•. 
mal. 
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Summary of meteorologic data at Mud Lake, Jdaho--Continued 

Evaporation (inches) Transpira-
Wind Air temperature tion and 

(oF.) . Pre- evaporation movement 
cipita- Land pan Lake pan from tule (miles) 

Month tion pan (inches) 

Mean Mean 
(inches) 

Mean 
maxi- mini- Mean Total Daily Total Daily Total Daily Total per 
mum mum mean mean mean hour 

----1----------------------------
1924 

January _____ hh26.1 ""-7. 8 hh9. 2 
February___ 11 39. 1 1116. 1 11 27. 6 
March ______ m 40.8 m 15.3 m 28.0 
April ________ cc57. 0 "25. 6 cc41, 3 
May-------- aa74. 5 aa39, 2 aa56. 8 
June ________ ii79. 2 ii41. 6 ii60. 4 
July _________ 1190.5 1143.3 1166.9 
August ______ "' 88. 1 m 41. 6 m 64. 8 
September-- aa75. 3 Ga34. 7 ""55. 0 
October _____ 1163, 5 1129. 0 1146. 2 
November __ '"'44. 7 aau. 7 aa28. 2 
December •• _---------------- ______ _ 

Total or 

I, 18 ------- ------- ------- -•----- ---~--- ------
• 35 ------- ------- ------- ------- ------- ------

1.45 ------- ------- ------- ------- ------- ------
1,11 ------- ------- ------- ------- ------- ------
1,17 ------- ------- ------- ------- ------- ------
1 .10 ------- ------- ------- ------- ------- ------

11.14 ------- ------- ------- ------- ------- ------
ITrace. ------- ______________ ------- ------- ------

.80 ------- ------- ------- ------- ------- -----

.95 ------- ------- ------- ------- ------- -----
'.19 ------- ------- ------- ------- ·------ -----
'· 72 ------- -------------- ------- ------- ------

1,460 
1,860 
4,140 
4,065 
4,-855 
5,000 
3,900 
3,660 
3,150 
2,850 
3,340 
1,820 

2.0 
2. 7 
5.6 
5. 7 
6.5 
7.0 
5. 2 
4.9 
4.4 
3.8 
4.6 
2.5 

average _____ -___ --------- ------- 5.16 ------- ------- ------- ------- ------- ------ 40,100 4. 6 

m29 days. 
'Monteview record used. 
1128 days. 
aa26 days. 

cc 24 days. 
;; Based on 23 days' record. 
"" Based on 30 days' record. 

STREAMS 

The streams that are contributors to the water supply of the 
Mud Lake basin are Camas, Beaver, Dry, Cottonwood, and Medicine 
Lodge creeks. Beaver Creek is a tributary of Camas Creek. Camas 
Creek is the only stream that discharges surface water into Mud Lake 
or into the adjoining lakes and sloughs. In addition to these Blue, 
Warm, Crooked, and Birch creeks were investigated. 

CAMAS CREEX 

Camas- Creek heads in several branches that rise in high and 
heavily timbered parts of the Rocky Mountains and flow into the 
high basin known as the Camas Meadows (Pl. I). In this basin 
there are numerous springs and the water table is very close to the 
surf~ce, as is shown by natural meadow lands and shallow wells. 
At a point about 5 miles south of Idmon the basin narrows, forming 
a lava canyon, above which all the branches unite to form Camas 
Creek. This canyon extends to a point a few miles above Camas. 
Below the canyon the creek flows over sand and gravel to Rays Lake, 
where lava crops out in some places. From Rays Lake it flows to 
Mud Lake over sand and clay. 

Continuous records were· obtained at two gaging stations on the· 
creek. The Camas Mutual Irrigation District, which proposes to 
impound water in a reservoir in the upper reaches of the creek for 
irrigation in the vicinity of Camas, had previously installed a gaging 
station from which partial records during the flood periods of 1919 
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and 1920 were obtained. On April 16, 1921, this station was 
taken over by the United States Geological Survey, and a Stevens 
continuous recording gage was installed. The station is in the 
NE. % SE. 1,4 sec. 13, T. 11 N., R. 38 E., 2 miles above the Lone 
Tree reservoir, 7¥2 miles south of Kilgore, and 19 miles north
west of Dubois. The drainage area ab~ve this point is 216 square 
miles. Another station, consisting of a staff gage, was installed 
April 2, 1921, in the NE. 1,4 sec. 34, T. 9 N., R. 36 E., a quarter of 
a _mile south of C. J. Thompson's ranch and 5 miles northeast of 
Camas, or about 23 miles below the upper station. Late in the fall 
of 1921 an eight-day Stevens recording gage was installed. 

The discharge from April 1, ·1921, to March 31, 1922, was about 
92,600 acre-feet at the upper station and 35,300 acre-feet at the lower 
station. Thus the difference in flow at the two stations during the 
year amounted to about 57,300 acre-feet. Approximately 5,730 acre
feet was diverted for irrigation and watering stock between the two 
stations during 1921. Deducting this amount from 57,300 acre-feet 
leaves a balance of 51,570 acre-feet, which was evidently contributed 
to the ground-water supply. Doubtless some of the diverted water 
also percolated down to the water table. The discharge from April 
1, 1922, to March 31, 1923, was about 77,700 acre-feet at the upper 
station and 28,160 acre-feet at the lower station. 

A considerable part of the water lost from Camas Creek went 
through Lone Tree reservoir, about 2 miles below the upper gaging 
station. This reservoir, which has a maximum capacity of approxi
mately 3,000 acre-feet, was constructed by the Wood Live Stock Co. 
Recently it was bought, together with certain water rights, by the 
Camas ~{utual· Irrigation District. 

The miscellaneous measurements tabulated on page 104 indicate 
that most of the water disappearing in Camas Creek sinks in the Lone 
Tree reservoir. There was no gage installed in the reservoir at the 
time these measurements were made, but as no changes in the outlet 
gates had been made prior to those dates it can be assumed that the 
normal flow of Camas Creek was passing through the reservoir. 

Approximately 15,000 acres in the Camas Meadows, above the 
upper gaging station, is under cultivation, including _the hay land. 
This land is watered largely by subirrigation. As the ground water 
is near the surface throughout this_section, -it evidently does not have 
free escape toward the south. Nevertheless a substantial amount of 

-ground water may find its way to the lower lands adjacent to Mud 
Lake or to other regions. Two large stock-watering ditches diverted 
approximately 8,670 acre-feet during the year from points above 
the upper station and carried this water several miles out into the 
lavas, where some of the water doubtless percolated down to the 
.water table. 
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Losses in Camas Oreek from gaging station 2 miles above Lone Tree reservoir 
to Jacoby's ranch, about 6 miles below the res-ervoir, 1923-1924 

Measurements (second-feet) Total flow Loss 

Date 
Made by- 2 4 6 

-----1-------1----------------------
May 20,1923 A. G. Fielder _____ 423 0. 0 
June 8, 1n23 _____ _do ____________ 297 a3. 0 
July 5,1923 _____ do ____________ 88.2 • 0 
Sept. 5,1923 B. Johnson ________ 43.5 . 0 
May 30,1924 F. M. Veatch and 13.6 a. 35 

B. Johnson. 
July 4,1924 F. M. Veatch _____ 13.0 .0 
Sept. 7,1924 _____ do ____________ 18.1 . o 

.. Estimated. 

7. 36 ------ ------ ------ 108 ------ 115 308 72.8 
3. 76 -----~ ------ ------ 98. 1 ------ 105 192 64.6 
. 00 ------ ------ ------ b93. 0 ------ b93. 0 ------ -----
.00 ------ ------ ·----- 39. 8 -~---- 39.8 3. 7 8. 5 

1. 58 ao. 40 1. 04 ------ 7. 31 13. 6 10. 7 2. 9 21.3 

.00 a.40 1.86 ------ 5.74 13.0 8.0 5.0 38.5 

. 00 a. 40 3. 33 ao. 20 8. 56 18. 3 12. 3 6. 0 32. 8 

b The fact that stored water was being released from Lone Tree reservoir at the time these measurements 
were made accounts for the gain as shown. 

L Camas Creek near Dubois, 2 miles above Lone Tree reservoir, in sec. 13, T. 11 N., R. 38 E. 
2. Wood's Live Stock ditch No.1, about sec. 30, T. 11 N., R. 39 E. (diverts water i mile above Lone 

Tree reservoir). , 
3. Woodie ditch No.2, sec. 26, T.ll N., R. 38 E. (diverts water from Lone Tree reservoir). 
4. Hoop ditch, about sec. 10, T. 10 N., R. 38 E. (diverts water about 3! miles below Lone Tree reservoir). 
5. Jacoby ditch, sec. 17, T. 10 N., R. 38 E. (diverts water 6 miles below Lone Tree reservoir). 
6. Return flow from Jacoby ditch. 
7. Camas Creek at Jacoby's ranch, sec. 20, T. 10 N., R. 38 E., 6 miles below reservoir. 

The Frazier reservoir, on West Camas Creek, stores between 2,000 
and 3,000 acre-feet for watering stock of the Wood Live Stock Co. 
This small reservoir and the Lone Tree reservoir are the only exist
ing storage units on the creek above Mud Lake. 

The water master reports that between the lower gaging station 
and Mud Lake 870 acres are irrigated from Camas Creek, of which 
about 500 acres are partly watered by subirrigation. The water 
table is 25 feet below the surface at the lower gaging station and 
coines progressively nearer the surface downstream until it :forms 
sloughs in the vicinity of Hamer. The water lost in Camas Creek 
below the lower gaging station is doubtless chiefly contributed to 
Mud Lake or evaporated from the wet lands that lie northeast o:f 
the lake. · 

BEAVER CREEK 

Beaver Creek heads in the high peaks along the Continental 
Divide and flows in a canyon to a point some distance below Spencer 
and thence in a lava gorge about 50 feet deep to Dubois, where the 
stream commences to lose its water rapidly in coarse gravel. During 
the flood period, which usually lasts about two months, the water 
flows across the porous gravel from Dubo~s to Camas, where it joins 
Camas Creek and contributes to the supply of Mud Lake. During 
the remainder of the year the creek loses all of its· flow before it 
reaches a point 3 miles south of Dubois. 

Two gaging stations were established on the creek in April, 1921. 
The upper station is in the NW. :Y4 sec. 21, T. 10 N., R. 36 E., at 
E. F. Palmer's ranch, half a mile north of Dubois. The drainage 
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area above this point is 220 square miles .• The discharge at this sta
tion for the year ending March 31, 1922, was about 48,000 acre;.feet 
and for the year ending March S1, 1923, 39,180 acre-feet. The lower 
station is in sec. 21, T. 8 N., R. 36 E., about three-eig~ths of a mile 
above its confluence with Camas Creek at Camas and below all 
diversions.- As mentioned before, there is no flow past this station 
except during flood periods. The discharge during the flood periods 
of 1921 and 1922 was 11,400 acre-feet and 10,000 acre-feet, respec-
tively. . 

In 1920 the water master reported that approximately 3,000 acres 
was being irrigated above Dubois, largely by water divertrd from 

_ Beaver Creek above the upper gaging .station but in part by water 
from small tributaries of Beaver Creek. Below Dubois about 1,500 
acres was irrigated by water diverted below the upper gaging 
station. 

As about 48,000 acre-feet was discharged past the upper station 
and 11,400 acre-feet past the lower station in 1921, the total loss 
of water for that year, including diversions between the two sta
tions, was about 36,600 acre-feet. If 4,500 acre-feet was diverted 
for irrigation below Dubois (an estimate based on a duty of 3 acre-
feet during the season for 1,500 acres) about 32,100 acre-feet was 
contributed to the ground-water supply as a result of losse.s 1n the 
channel below Dubois. About 11,400 acre-feet was contributed to 
the lake as surface water during 1921 and 10,000 acre-feet in 1922. 

Miscellaneous measurem::-nts made during 1922 and 1923 indicate 
a loss of about 1.5 per cent to the mile in the 14-mile section of 
Beaver Creek between Spencer and Dubois during the spring floods 
and less than 0.5 per cent to the mile during low water.· The loss 
occurring in this stretch of the stream is an additional contribution 
to the ground-water supply. 

MEDICINE LODGE CREEK 

Medicine Lodge Creek rises in the high mountains and owes con
siderable of its flow to spring.s. A number of small perennial streams 
enter from each side of the creek as it wends a southeasterly course. 
None, however, enter below the gaging station, which is at the 
mouth of the canyon. This station was installed April19, 1921, and 
consists of a staff gage in sec. 25, T. 11 N., R. 34 E., at the H. W. 
Small ranch, about 3 miles northwest of Small and 12 miles west of 

· ·Dubois. The drainage area above this station is 270 square miles. 
The discharge at the gaging station for the year ending March 

31, 1922, was 51,500 acre-feet, and for the year ending March 31, 
1923, 50,200 acre-feet. No stream-flow records prior to these are 
available. 
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Between 5,000 and 6,000 acres is irrigated below the gaging sta
tion, and after the flood ~eason the entire flow is diverted. A very 
small amount of water .is diverted for irrigation in the narrow 
valleys above the canyon. The creek commences to lose water 
through its porous channel below the gaging station and sinks en
tirely, even in the flood season, about 6 miles northwest of the J effer
son reservoir. If during the year ending March 31, 1922, 3 feet of 
water was lost by evaporation and transpiration on 6,000 acres of 
irrigated land, a total of 18,000 acre-feet, a balance of 33,500 acre
feet must have -been lost by percolation. Thus the contribution to 
the ground-water supply from water that passed the gaging station 
was probably not less than 33,500 acre-feet in 1921-22 and 32,200 
acre-feet in 1922-23. 

BIRCH CREEK 

Birch Creek has its origin in a series of springs· a few miles up
stream from the ranch of the Wood Live Stock Co. The flow of 
the stream is practically constant throughout the year. During the 
summer the entire flow is diverted for irrigation, but during the rest 
of the year the stream flows in a southeasterly direction and grad
ually loses its water through its porous channel until at a point about 
20 miles from its source the water completely disappears in what 
is known as the Birch Creek Sinks. 

A gaging station . that had been in operation from September 5, 
1910, to June 30, 1912, was reestablished on April 6, 1921. It con"" 
sisted of a staff gage installed in sec. 13, T. 10 N., R. 29 E. Boise 
meridian, about 6 miles northwest of Reno, above practically all 
diversions. 

The records show that for the year ending March 31, 1922, a 
discharge of 59,900 acre-feet passed the station. Previous published 
rscords 6 show that during the year ending September 30, 1911, a 
flow of 65,100 acre-feet passed the station, and for the period Octo
ber 1, 1911, to June 30, 1912, 52,100. acre-feet. Though the records 
show that the discharge was slightly less during the year ending 
March 31, 1922, than during the corresponding period in 1911-12, 
yet the annual yield from this particular drainage basin has not 
changed materially during the last 12 years. · 

About 1,200 acres is being irrigated from this creek. An applica
tion has been filed on a reservoir site in the canyon a short distance 
above the gaging station, where the Birch Creek Irrigation District 
proposes to store about 40,000 acre-feet to irrigate land at the lower 
end of the valley. 

The ground-water contours, as shown on the map of this region 
(Pl. II), demonstrate conclusively that no water from Birch 

o U. s. Geol. SurveY. Water-Supply Papers 312 and 332. 
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Creek or from Lost or Little Lost rivers contributes to the ground
water supply in the vicinity of Mud Lake. 

INTERMITTENT STREAMS 

Of the small intermittent streams that have their sources in the 
region north of Mud Lake the 'principal ones are Dry, Cottonwood, 
Blue, Warm, and Crooked crooks. Each of these has a compara
tively large flood run-off of short duration. .All these streams lose 
water rapidly after leaving th~ foothills, for the flow of each rarely 
exceeds 2 second-feet. a short distance from the hills. They doubt
less all contribute to the ground-water supply, but a study of the 
water table indicates that only the ground water contributed by 
Dry and Cottonwood creeks has any chance of reaching the vicinity 
of Mud Lake. A measurement obtained on Dry Creek May 9, 1921, 
indicated a flow of 91 second-feet at a point about 6 miles north
east of Kilgore. At that time it was noted that the entire flow 
disappeared in lava beds about 4 miles below the point of measure
ment. A number of large springs, however, were noticed about a 
mile west of this sink, in the eastern edge of the Camas Meadows, 
where a large portion of the water lost probably reappears and 
flows into Camas Creek. The entire normal flow and about half 
of the flood flow of Dry Creek is diverted into the reservoir of the 
Wood Live Stock Co. on Sheridan Creek, which flows into Shotgun 
Creek and thence into Henrys Fork. The point of diversion in 
Dry Creek is about 2 miles above the point where the measurement 
was made. 

WATER TABLES 

METHODS OF INVESTIGATION 

The water table· or upper surface of the zone of saturation, is 
almost nowhere a level surface but has irregularities which can be 
shown on a map by means of contour lines, just as the irregularities 
of land surfaces are shown on topographic maps. A contour map 
of the water table of a region generally throws much light on the 
source, movement, and disposal of the ground water and may also 
give important information as to the quantity of ground water and 
the influence of geologic structure upon its occurrence. The water 
table is generally highest in areas of intake and lowest in areas of 
discharge of ground water. As ground water, like surface water, 
tends to move down grade, it generally moves in the direction that_ 
.the water table slopes, about at right angles to the water-table 
contours. 

As the water supply of the ~Iud Lake basin was known to be 
derived largely from ground water, it was evident that the investi-
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gation must include the preparation of an accurate contour map of 
the water table. In order to prepare such a map records were ob
tained of about 400 wells, including nearly all the wells in the region. 
Measurements were made of the depth to the water level in practi
cally all the open wells, but for the depth to water in most of the 
drilled wells it was necessary to take the owners' statements, many 
of which were verified by the drillers. All measurements were made 
from definite bench marks, which were installed in order that con
tinued observations could be referred to the same datum plane. The 
altitudes of most of the wells were tied in by levels in order that the 
measurements to the water table in the· differ~nt wells could be re
ferred to the same datum. All sloughs and other outcrops of the 
water table were mapped. ' 

In order to ascertain the fluctuations of the! water table, monthly 
measurements were made in nearly all the operi. wells. The reported 
rise of the water table near Mud Lake during. the last 20 years was 
verified by mapping the areas of dead sagebrush, for it has been found 
that if the water table rises high enough to ret the roots of sage
brush continually the sagebrush soon dies. ':Areas of greasewood 
were also mapped, because greasewood is known to depend upon the 
ground water for existence, and the invasion pf a new area by this .. 
brush would indicate that the water table had risen. In June, 1922, a 
well was drilled in sec. 16, T. 7 N., R. 38 E., :to ascertain the exact 
depth to water and the fluctuation of the water table between 
Egin Bench and Hamer. 

As the structure of the basalt varies widely from place to place and 
as the basalt is intricately related to interbedded and overlying 
layers of impervious clay, the wate.r table was found to be very 
capricious and to have peculiar features not commonly found· in 
other regions. 

PERCHED CONDITION OF MUD LAKE AND CONTIGUOUS GROUN.I) 
WATER : 

One of the most striking and significant facts disclosed by this 
investigation is that Mud Lake and the water found in the shallow 
wells in the vicinity of the lake form a . perched body of water that 
lies a few hundred feet above the water table of a deeper body of 
ground water.· The shallow wells on all sides of Mud Lake have 
water levels that are more or less concoriJ.ant with the water level 
of the lake, but deep wells drilled south of the lake pass through the 
deposit of clay and find water in the basalt, generally 250 to 275 feet 
below the lake level. The deep water does not rise perceptibly in · 
the wells. It forms a true water table that is far below the lake 
level and that doubtless extends beneath the lake, as shown in 
Plate II. From all indications, Mud Lake lies ·upon the thick clay 
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stralL, which are mainly the cause of its perched situation. The, . 
per1fed water table in the clay beds southwest of Mud Lake is 
due 1n part to irrigation and in part to water seeping away from 
Mud Lake. In time, with continued irrigation, this water table will 
be extended farther from the lake. The lower water table south c.f 
Mud Lake is continuous with the water table west of Roberts and 
has a general slope to the southwest. 

W .{lTER TABLE NORTH OF MUD LAXE 

There seems to be a sort of cascade of the ground water' after it 
reaches the lava plains at the foot of the mountains and south of 
the Camas Meadows. A short distance from the mountains the water 
table assumes a more gentle gradient and slopes in general toward 
the southwest until it comes to an end or descends abruptly. 

To this water table percolates the water that is lost from Camas, 
Beaver, and Medicine Lodge creeks and a few smaller streams and . 
also an undetermined part of the water that falls as rain or snow 
in the J\tiud Lake basin but does not reach these streams. The dis
posal of this ground water depends chiefly on the slope of the water 
table at the edges of the basin and on the relation of this ground 
water to the deep ground water south and west of Mud Lake. 

The flatness of the water table north and east of Hamer indicates 
that the ground water in that area is in pervious strata of lava. 
Whether the water table extends across the large lava field north of 
Mud Lake is uncertain. Much of this lava is, in all probability, 
porous enough to allow water to percolate through it, although the 
volcanic necks below the craters may be impervious. It seems unlikely 
that there are two distinct water tables north of Mud Lake, as there_ 
are south of it. There may, however, be sufficient leaks in the forma
tions to allow water to escape to the deep water table south of the 
lake and to cause funnel-shaped depressions in the water table in 
the lava field north of the lake. The craters north of Mud Lake 
are younger than any of the water-bearing formations near by, and 
the lava extruded from them must have come up through all under
lying formations. 

The wa_ter-table contours indicate that the water lost from Camas 
and :Beaver creeks reappears, for the most part, as ground water 
in the swampy area northeast of Mud Lake, where it is disposed of 
mainly by evaporation and transpiration or by percolating to the 
surface and draining into Mud Lake. A part of the ground water 
derived from these creeks probably percolates westward into ·the 
lava that lies north of Mud Lake, whence it may pass farther west
ward to the wet areas of the vicinity of the Jefferson reservoir and -
Spring Lake or may escape from the basin by deer> percolation! 

J?0065°-25--~ 
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A part of the water from these creeks may also escape from the 
basin by percolating southward in the vicinity of Hamer, where the 

· water table drops off rapidly toward the south. 
The water lost by Medicine Lodge Creek sinks to this water table 

and doubtless furnishes the principal supply encountered by numer
ous wells near Winsper, Old Monteview, and 'New Monteview. Some 
of the water from this creek may reach Spring Lake and the wet 
tracts farther south, but the map shows that the water table in 
this part of the basin slopes steeply toward the west, proving that 
most of the supply from this creek percolates westward to great 
depths and is lost to the Mud Lake basin. The only means of re
covering most of this water before it escapes from the Mud Lake 
basin is by pumping it from well~. 

In the vicinity of Spring Lake and the Jefferson reservoir there is 
a large tract of swampy land that is apparently supplied by seepage 

. from the lava that lies to the east. This swampy tract has been 
produced largely by a rise in the water table similar to the rise 
farther east. Apparently this rise has had a tendency to elevate the 
water table farther north, below the fan of Medicine Lodge Creek. 
A part of the water that comes to the surface in the vicinity of 
Spring Lake and the Jefferson reservoir is used for irrigation, and 
a part is lost by evaporation and transpiration. A part also doubt
less percolates westward and is lost to the Mud Lake basin except 
as it is pumped from wells in the belt to the west, where the depth 
to water is only moderate. 

EGIN BENCH IN RELATION TO THE WATER SUPPLY OF 
THE MUD LAKE BASIN 

The great and progressive increases in the visible supply of water 
in the ::Mud Lake basin during the last 25 years has attracted wide 
attention. This increase has long been attributed by the inhabitants 
of the region to percolation of water used in irrigation on Egin 
Bench. (See Pl. I.) In this investigation an effort has been made 
to determine conclusively whether water percolates from Egin Bench 
to the Mud Lake basin, and, if so, in what quantities. 

The problem can be approached in two different ways::-(1) by 
tstablishing the fact that there has been an increase in water supply 
and then attempting to eliminate all other possible causes, or (2) 
by determining the geologic structure, the slope of the water table, 
and the movement of ground water between Egin Bench and the 
swampy tracts in the Mud Lake basin. Both these methods of in
vestigation were pursued so far as was feasible. 

That there has been a large increase in the size of Mud Lake and 
a substantial_, rise in the water table has been definitely proved by 
the testimony of many trustworthy persons and by abundant physi-

• 
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cal evidence, such as the existence of dead sagebrush in the west 
areas and of submerged houses and wells. 

There is also evidence that the increase in water supply is not due 
to a succession of wet years. The available records of precipitation 
do not indicate any change in climate competent to produce so great 
an increase in water supply. However, very long records are not 
available, and even if they were, weather cycles might be hard to 
detect. Evidence was found that no comparable increase in water 
supply has occurred in other basins in the same part of the State, 
such as those of Birch Creek, Little Lost River, Big Lost River, and 
Pahsimeroi River. Records of the flow of Birch Creek in the year 
ended March 31, 1922, and in previous years indicate that there 
has been no increase in that creek. (See under "Streams.") The 
conclusion therefore appears unavoidable that the increase of water 
supply in the Mud Lake basin is not due to climatic change but to 
some natural or artificial change that has specifically affected this 
basin. 

A natural change may have taken place, such as the closing of 
channels in the lava through which water may have been escaping 
or the opening of new channels for ground-water inflow by earth
quake or other agency. Such a natural change is very improbable, 
though unfortunately its occurrence can not well be either proved 
or disproved. 

A careful study was made of the areas adjacent to the Mud Lake 
basin in order to discover any artificial change that· should be taken 
into account. None was found except the irrigation development 
on Egin Bench. Hep.ce, though this method of approaching the 
problem do~s _not lead _to iny posit_ive conc~usion, it establishes a 
strong a priOri assumptiOn hat the Increase In the water supply of 
the Mud Lake basin is due t<) irrigation on Egin Bench. 

It has been assumed by some persons that the water from Egin 
Bench . percolates to the swampy tracts of the Mud Lake basin 
through intervening surface deposits of sand. This investigation 
has shown, however, that the sand deposits lie largely above the 
water table, and that any water that percolates from Egin Bench 
to the swampy tracts of the Mud Lake basin must pass through lava 
or through deposits of sand or gravel interbedded with lava. 

In June, 1922, a test well was drilled by the Geological Survey in 
the NE. % sec. 16, T. 7 N., R. 38 E., to explore the water table. 
Later in the year several other wells were drilled by local people 
between Hamer and the test well. The form of the water table as 
determined by these wells indicates that the ground water moves 
largely in a southwesterly direction toward the deep-water region 
sout.h of Hamer. It is therefore iinprobable that Mud Lake re-
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ceives any large supplies of ground water from the lower part of 
Egin Bench by way of Hamer. 

During the later part of 1922 a careful survey was made of all 
the deep wells north of Egin Bench. A water-table map con
structed from the data obtained indicates that on the north side of 
Egin Bench there is a ground-water cascade which causes large 
quantities of the water used for irrigation on the bench to flow 
northward. The map also indicates that after the ground water 
has moved northward some distance it turns westward and later 
rises in the bed of Camas Creek and adjacent depressions south of 
the town of Camas, eventually finding its way into Mud Lake. The 
fact that the rise of the water table was first observed in the wells 
near Camas also supports this evidence. 

Owing to the method of subirrigating on Egin Bench, large 
quantities of water are used. During the winter the water table 
sinks to levels 10 to 25 feet below the surface, but in the spring it 
is built up by seepage from the canals, and during the summer it is 
usually held up by the same method within 3 to 5 feet of the sur
face. The water is diverted from Henrys Fork through six large 
canals. 

Monthly discharge, in second-feet, of canals diverting water on Egin Bench, 
tor the year ending March 31, 1922 

I 
Canal Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Total 

------------------------
Dewey ___ --------- ------- <> 300 604 630 560 302 0 0 0 0 0 0 -------Last Chance _______ ------- a1, 000 2,206 1, 804 1, 614 982 0 0 0 0 0 0 -------St. Anthony~ nion_ ------- 12,631 12,433 12, 514 9,300 5,117 3,680 950 3, 930 1,824 1,671 2, 389 -------Egin _______________ 9,109 7, 467 8, 714 6, 519 3,016 3,376 1,960 548 bO bO 543 ..................... 
St. Anthony Union 

Feeder _____ ------ ------- 2,630 1, 948 1,593 1,525 593 1,408 966 49 0 0 0 -------Independent _______ ------- 9,171 7,416 6,543 4,806 3,605 6, 352 4,080 882 0 0 0 -------- ------
24, 324113, 615 

--------------
Total: 

Second-feet. ___ <>10,000 34,841 32, 074 31, 798 14,816 7,956 5,409 1,824 1, 671 2,932 181,260 Acre-feet _______ 19,800 66,600 63, 700163, 300 48, 200127, 900 29,400 15,800 10,400 3, 620 3,320 5,820 357,860 

a Estimated. b Reported practically dry. 

The foregoing table gives results derived from records obtained by 
G. C. Baldwin, district engineer of the United States Geological 
Survey at Idaho Falls, in connection with the distribution of water 
on Henrys Fork. Ordinarily records of these diversions are pro
cured only during the irrigation season, but to assist in this investi
gation arrangements were made whereby records were obtained 
throughout the winter of 1921-22. However, the diversions of all 
canals in April, 1921, and of two canals in May, 1921, were estimated 
because of lack of records. The records and estimates indicate that 
a total of 357,860 acre-feet was diverted upon Egin Bench in the 
year ending March 31, 1922. 
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Diversion8 a1nJl return flow of Henrys Fork between St. Ant7wny and Rea/burg 
gaging stations and approrcimate losses on Egin Bench, 1919-1921 

June July Aug. Sept. Total 

--
1919 

Total diversions on. Egin Bench __________________ second-feet .. 32,808 25,724 22,561 15,721 96,814 
Other diversions between St. AnthonY and Rexburg ___ .do ____ 20,093 5, 783 7,673 8,255 -------
Total diversions between St. Anthony and Rexburg.- __ do ____ 52, 901' 31,507 30,234 23,976 -------
Gain between St. Anthony and Rexburg __ -- -------{i)ei~~nt== 14,040 9,110 . 7,940 7,990 -------

26 29 26 33 -------Probable return flow from Egin Bench ___________ second-feet__ 8,500 7,470 5,860 5,200 -------
AWroximate losses due to evaporation and vegetation on Egin 

"7, 950 ench, based on cultivated area of 30,000 acres .. second-feet__ "8,520 "10, 200 "5, 740 -------Approximate total losses on EginBench _________________ do ____ 17,020 17,670 12,810 10,940 -------
A~~i~xiife~~f._e~~~~~~~ ~~~t~~~~t!~~ ~~-~~~~~-~~~~~~~}:e~~- 15,788 8,054 9, 751 4, 781 38,374 
Approximate permanent contribution to ground water table on 

19,400 Egin Bench _________ --- ___________ ---- ___________ .acre-feet._ 31,300 16,000 9,460 76,160 

1920 

Total diversions on Egin Bench __________________ second-feet.. 39,780 31,259 24,128 6,343 101,510 
Other diversions between St. Anthony and Rexburg ____ do ____ 22,125 17,406 11,836 3,076 -------
Total diversions between St. Anthony and Rexburg ____ do ____ 61,905 48,665 35,964 9,419 -------
Gain between St. Anthony and Rexburg_- ---------{:Pei~~iit== 8, 341 17,714 12,487 6,682 -------

13% 36 35 71 -------Probable return flow from Egin Bench ___________ second-feet__ 5,370 11,200 8,450 4,500 -------
Approximate losses due to evaporation and vegetation on Egin 

"2,870 Bench, based on cultivated area of 30,000 acres .. second-feet._ "8,520 "10, 200 "7,950 -------Approximate total losses on Egin Bench ________________ do ____ 13,890 21,400 16,400 7,370 -------Approximate permanent contribution to ground water table on 
Egin Bench ___ ---------------------------------second-feet.. 25,890 9,859 7, 728 0 43,477 

Approximate permanent conttibution to ground water table on 
Egin Bench ___ ------------------------------------acre-feet __ 51,400 19,600 15,300 0 86,300 

1921 

Total diversions on Egin Bench __________________ second-feet.. 32,074 31,798 24,324 13,015 101,811 
Other diversions between St. Anthony and Rexburg ____ do ____ 54,396 50,447 35,053 19,819 _____ ,.._ 
Total diversions between St. Anthony and Rexburg. ___ do ____ 86,470 92,245 59,377 33,434 -------
Gain between St. Anthony and Rexburg-----------{:Pei~~iit== 12,827 

17,~ 
16,162 10,383 -------

15 27 31 -------Probable return flow from Egin Bench ____________ second-feet.. 4,810 6,0 6,570 4,220 -------
A~roximate losses due to evaporation and vegetation on Egin 

ench, based on cultivated area of 30,000 acres .. second-feet .. "8,520 "10 "7,950 0 5,740 -------Approximate total losses on Egin Bench _________________ do ____ 13,330 16: 14,520 Q,960 -------
A~~~~~~~'h~~~~~~~~~ ~~~t~~~~t!~~ ~~-~~~~~-~-~~:ro~~}~~~- 18,744 15,5 9,804 3,655 47,761 
Approximate permanent contri ution to ground water table on 

Egin Bench .. ___ -------------------------------- __ acre-feet .. 37,200 30,900 19,400 7,260 94,760 

a Determined on evaporation loss of 6.816 inches during June, 8.166 inches during July, 6.360 inches during 
August, 4.592 inches during September, based on land-pan evaporation records conected by 65 per cent. 
(Land-pan records obtained at Mud Lake.) Probable additional loss due to transpiration assumed to be 
offset or compensated by probable decrease in cultivated and evaporated area as the irrigation season 
advanced. 

The :foregoing table gives some idea of the quantity of irrigation 
water that may percolate :from Egin Bench toward the west and 
northwest. It was prepared from records obtained by Mr. Baldwin 
in connection with the distribution of water :from Henrys Fork 
during the irrigation seasons of 1919, 1920, and 1921. It shows· the 
diversions upon Egin Bench and the return flow into Henrys 
Fork b~tween the St. Anthony and Rexburg gaging stations 
during these three seasons. As a basis :for computing the part of the 
return flow that probably comes :from Egin Bench it was assumed 
that the return on the opposite sides of Henrys Fork is in propor
tion to the diversions. Probably, however, the return flow :from 
Egin Bench is much greater, owing to the porous character of its 
formation and its higher altitude with respect to the river. 
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The losses due to evaporation and transpiration were estimated 
to be 65 per cent of the recorded losses during 1921 from the land 
evaporation pan at Mud Lake, applied to a cultivated area of 30,000 
acres, which includes the entire area of the Egin bench after deduct
ing 10 per cent for houses, roads, etc. The table shows that the 
losses by return flow, evaporation, and transpiration amount to about 
60 per cent of the water annually diverted upon Egin Bench, 
leaving about 40 per cent that may flow toward the west and north
west into the lavas. Forty per cent of the total diversion during 
the year ending March 31, 1922, which was probably a normal year, 
is about 140,000 acre-feet. A part of this water reaches Mud Lake 
basin in the way already described. 

INVENTORY OF. WATER SUP:PLY 

The units of storage in the Mud Lake basin are Hamer Lake, 
Mud Lake (including Rays and Sandhole lakes), the Jefferson reser
voir, the Jefferson reservoir addition, Spring Lake, and North Lake. 
(See Pl. II.) 

MUD LAKE 

In this discussion Rays Lake, Sandhole Lake, and all other ponds 
and sloughs that are directly tributary to Mud Lake and were 
affected by backwater of the lake during the high stage in June, 
1921, are included and considered a pi:trt of Mud Lake, and all 
deductions and conclusions are based on this definition of area. 
Hamer Lake, the Jefferson reservoir, the Jefferson reservoir addi
tion, and Spring Lake are not included. North Lake was not tribu
tary to Mud Lake during 1921. During the spring of 1922, how
ever, North Lake spilled over into Mud Lake. Its area, capacity, 
and supply is considered a separate unit from Mud Lake in this 
report for the sake of convenience and because it was physically 
connected with Mud Lake only during 1922. 

AREA AND CAPACITY 

Plane-table surveys outlining the areas covered by the high and 
low stages of Mud Lake in 1921 were made during the season. (See 
Pl. II.) From these surveys and from soundings obtained through 
ice cover in January, 1922, area and capacity curves were con
structed (fig. 8) . Daily gage heights were obtained from a gage 
at the First Owsley intake, and these were supplemented by occa
sional readings from the Beckner gage, on the north shore of the 
lake, during periods when operation of the pumps at the First 
Owsley station caused erratic fluctuations in the intake. By means 
of these data the following table was prepared: 
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Gage height ana contents of Mud Lalce, April 1, 1921, to March 31, 1923 

I-ncrease Increase 
or de- or de-

Gage Contents crease in Gage Contents crease in 
Date height (acre-feet) storage Date height (acre-feet) storage 

(feet) during (feet) during 
month month 

(acre-feet) (acre-feet) . 
Mar. 31, 1921. ________ 

---7.-95" 
4 42,490 ----------- Apr. 30, 1922 _________ 8. 53 53,520 +6,260 

Apr. 30, 192L---~---- 46,440 +3,950 May 31, 1922--------- 8.90 58,240 +4. 720 
May31, 192L ________ 8.49 53,020 +6,580 June 30, 1922.-------- 8.00 47,020 -11,220 
June30, 1921. ________ 7.69 43,470 -9,550 July 31, 1922 __________ 6.60 33,040 -13,980 
July 31, 192L _________ 5. 79 26,840 -16,630 Aug. 31, 1922 _________ 5.68 26,100 -6,940 
Aug. 31, 192L-------- 4.11 17,030 -9,810 Sept. 30, 1922 _________ 5.23 23,250 -2.850 
Sept. 30, 192L _______ 3. 95 16,220 -810 Oct. 31, 1922 __________ 5. 79 26,840 +3,590 
Oct. 31, 1921. _________ 4. 72 20,280 +4,060 Nov. 30, 1922 _________ (b) 32,470 +5,630 
Nov. 30, 1921. ________ 5. 50 24,930 +4,650 Dec. 31, 1922 _________ 7.14 37,770 +5,300 
Dec. 31, 1921. ________ 6.38 31,250 +6,320 Jan. 31, 1923 __________ 7.67 43,110 +5,340 
Jan. 31, 1922 __________ 7.07 37,170 +i,920 Feb. 28, 1923. __ ------ 8.18 48,970 +5,860 
Feb. 28,1922--------- 7.54 41,850 +4,680 Mar. 31, 1923 _________ 8. 58 53,820 +4,850 
Mar. 31, 1922:-------- 8.02 47,260 +5,410 ---

Net increase in storage during year------ 6,560 
Net increase in storage during year------ 4, 770 

a Estimated. b Interpolated. 

It is reported that 160 acres has been diked off since the capacity 
of Mud Lake was calculated. The total increase in storage from 
April 1, 1921, to March 31, 1923, was 11,330 acre-feet. 
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FIGVRE 8.-Area and capacity curves for Mud Lake, Idaho, 1921-22 

The maximum stage recorded during the year 1921 was at a gage 
height of 8.65 feet on June 7 to 9. This area of the water surface at 
this stage was 12,670 acres and the corresponding contents of the 
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lake 55,040 acre-feet. The minimum stage was at a gage height o£ 
3.94 :feet on September 14 to 19. The area at this stage was 5,000 
acres and the corresponding contents 16,160 acre-feet. Investigation 
o:f the dikes on the east, south, and west sides o:f the lake indicates 
that the lake could rise 1.5 feet above the highest level reached in 
1921 without causing damage to surround!ng territory. This would 
correspond to a capacity o:f 73,000 acre-feet, which is probably the 
maximun1 quantity o:f water that the lake with its present diking 
system could safely hold. Zero on the gage is 4,775.33 :feet above 
sea level. 

DIVERSIONS 

On account o:f the levelness o:f the land surrounding Mud Lake 
most o:f the diversion canals are built in fills, and the water :from the 
lake is pumped into them by means o:f electrically driven centrifugal 
pumps. Fifteen pumping plants have been installed around the 
lake, with maximum lifts ranging :from about 2 :feet at the Owsley 
Cooperative pumps to about 11 :feet at the First Owsley pumps. 
The size o:f the units varies with the acreage under the several proj
ects. The Second Owsley Co. has three pumps with a total capacity 
o:f 240 cubic feet a second, the Mud Lake project has two pumgs 
with a total capacity o:f 160 cubic :feet a second, and the F"irst Owsley 
Canal Co. has three pumps with a total capacity o:f about 180 cubic 
:feet a second. Power was supplied to each pumping unit by the 
Ashton-St. Anthony Power Co. at a flat seasonal rate. Most o:f these 
plants are designed and installed to pump water :from a level corre
sponding to the deepest part o:f Mud Lake. 

Eleven gravity ditches were used :for diverting water :for irriga
tion during 1921. Four o:f these, the vViley, Melton, "\Velchman, and 
Owsley Cooperative, were used as intakes for their respective pump
ing plants later in the season when the lowering o:f the lake made 
pumping necessary. 

A total o:f 40,690 acre-feet was diverted :from the lake during the 
irrigation season o:f 1921 and 37,430 acre-feet during the season of 
1922. These results were obtained :from records that each operator 
kept indicating the number o:f hours each pump was in operation 
and the amounts pumped. These records were checked :frequently 
by current-meter measurements. Estimates of the flow in gravity 
ditches, the amount o:f which is small compared with the total diver
sions, were based largely upon the capacities o:f the canals and the 
number o:f acres irrigated. 

No shortage o:f water was experienced :for irrigating the land 
under cultivation during 1921 or 1922. Several thousand acres of 
new land was put into cultivation during these years. 
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The facts in regard to diversions, irrigation, and storage· can -be 
summarized as follows : 

1. During the irrigation season of 1921 a total of approximately 
11,050 acres was irrigated with water from Mud Lake. 

2. During the same season 40,690 acre-feet was diverted from the 
lake for irrigation, indicating a use of approximately 3.7 acre-feet . 
to the acre. 

3. At the end of the irrigation season 16,000 acre-feet remain~d in 
the lake. 

4. There was 4;770 acre-feet more water in the lake on April 1, 
1922, than on the same date the year before. (See table on p~ 115.) 

5. During the irrigation season of 1922 a total of approxifately 
11,218 acres was irrigated with water from Mud iake. 

6. During the same season 37,430 acre-feet _was diverted from the 
lake for irrigation, indicating a use of approxirilately 3.3 acre-feet 
to the acre. The smaller use per acre in 1922 was probably due to 
favorable weather conditions, as there was more rain in August, 
1922, than in August, 1921. 

7. On October 1, 1922, at the end of the irrigation season, the gage 
height of Mud Lake was 5.24 feet, corresponding: to 23,310 acre-feet 
of water, which was left in the lake. 

8. There was al!. increase in storage from April 1, 1922, to March 
3r;--1923, of 6,560 acre-feet, making the total increase in storage 
from April 1, 1921, to March 31, 1923, 11,330 ~ere-feet. 

LOSSES 

Estimates of the losses due to evaporation and :transpiration from 
the area occupied by the lake at its highest stag~ in 1921 are based 
on records obtained at the Mud Lake stations. (See " Climate " and 
table on pp. 101-102.) The evaporation from the:open-water surface 
of the lake was taken to be 65 per cent of the evaporation from the 
land pan. The reasons for using the coefficient 0.65 have been dis
cussed under "Climate." Of the total area of about 12,600 acres oc
cupied by the lake at its highest stage, about 6,600 acres was covered 
with a rank growth of tules or other marsh plants and therefore lost 
heavily by transpiration. The records given on pages 101-102 show 
that this area lost water more rapidly than the open water of the lake. 
The additional loss from the submerged part of the 6,600 acres was 
eomputed for each month by multiplying the average area of this 
part by the difference between the loss from the land pan and the loss 
from the tule pan. The loss from the unsubmerged part of the 
6,600 acres was computed by multiplying the average area by the 
lo.ss from the. tule pan. However, the figures for evaporation and 
transpiration are unavoidably less accurate than the other figures 
that are given in the inventory. 
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As the lake is underlain by nearly impervious clay, the loss due 
to seepage out of the lake is believed to be small. 

WATER SUPPLY 

Mud Lake receives most of its supply .fro;m Camas Creek, which 
flows into the lake about at the W e.st Hamer bridge. The surface 
flow at this point, however,· includes considerable ground water that 
is picked up from the near-by sloughs and flows into the creek above 
the bridge. In addition some surface inflow is derived from sloughs 
fed by ground water immediately west of the West Hamer bridge. 

The following table gives a summary of the water supply of 
Mud Lake for the years ending ~farch 31, 1922, and March 31, 1923, 
taking into account the measured surface inflow, precipitation upon 
the 12,600 acres of lake bed, losses due to evaporation and transpira
tion from the same area of 12,600 acres, diversions for irrigation, 
and storage in the lake. 

Summary of tlw water supply of Mud Lake, years ending March, 31, 1922 and 
1923, in acre-fee't 

1922 1923 

64,700 
12,400 

7("'600 
12,200 

Total observed surface flow into the lake______________________________________ 77, 100 86,800 
Precipitation____________________________________________________________________ 8, 700 8, 600 

Withdrawals and storage: Water stored in Mud Lake at end of year _____________________________ : ________ _ 
Water stored in Mud Lake at beginning ofyear ________________________________ _ 
Increase in storage ___ -----------------------------------------------------------

EI:~~~~~o~f~i::fg~~~~~~~~================================================== 
Di1ference between total withdrawals and storage and total visible supply ______ _ 

85, 800 95, 400 

47,300 
42,500 
4,800 

49,600 
40,700 

95,100 
9,300 

53,800 
47,300 
6,500 

55,700 
37,400 

99,600 
4,200 

The table summarizes the water supply of the lake in two different 
ways, which in a measure afford a check on the results obtained. 
The total visible supply takes into account all the measurable intake. 
On account of severe backwater conditions in Camas, Creek at the 
West Hamer bridge the flow at that point was determined by means 
of miscellaneous measurements and careful graphic comparison with 
the flow at Wood's ranch and at Camas. These results, however, are 
believed to be fairly reliable, because at Camas the flow of the 
creeks was accurately measured and below Camas the inflow by 
seepage was very uniform. The flow into Mud Lake from sloughs 
west of the West Hamer bridge was also summarized by means of 
miscellaneous measurements, and as this flow was likewise very uni
form the determination shotlld be fairly relhtble. If all the figures 



MUD LAKE BASIN, IDAHO 119 

are accurate, about 9,300 acre-feet o:f water entered the lake· during 
the year ending March 31, 1921, and 4,200 acre-feet during the year 
ending March 31, 1922, either through its bed or :from other unseen 
sources. While soundings o:f the lake were being made through the 
ice in January, 1922, two distinct spring~ in the center of the lake 
were noticed to be discharging water under some pressure. The 
flow :from these springs could easily amount to 4,200 to 9,300 acre
feet a year. 

The :following table shows approximately the part of the water 
supply o:f Mud Lake that came from underground sources: 

Summary of contributions of ground. water to M~d Lake, years ending March 31, 
1922 ana 1923, in aor~J-feet 

1922 1923 

Total surface flow into the lake------------------------------------------------------ 77,100 86,800 
Total flow of surface water (in Camas and Beaver creeks) near Camas_______________ 46,700 38,200 

· Surface inflow derived from ground water------------------------------------- 30,400 48,600 
Ground water discharged directly into the lake-------------------------------------- 9, 300 4, 200 

Total quantity of ground water contributed to the lake________________________ 39,700 52,900 

It must, o:f course, be borne in mind that the figures obtained as 
summarized in these tables are not absolutely correct. Many of 
the data could not be obtained by definite measurements, owing to 
the peculiar conditions that were involved, and it is therefore 
reasonable to expect some error in the results. 

The table indicates a smaller flow of Camas and Beaver creeks 
into Mud Lake during the year ending March 31, 1923, than in the 
preceding year. To judge :from records o:f precipitation and run
off in adjoining drainage areas, the run-off during 1921 was prob
ably somewhat above the normal, yet during the year ending March 
31, 1923, when the run-off was lower than in 1921, there was an 
increase in the visible supply, indicating definitely that there was 
a larger co!ltribution o:f ground water. The difference is 13,200 
acre-feet, which suggests that Mud Lake has not yet reached an 
equilibrium. This is also indicated by the steadily increasing stage 
o:f the lake. 

ESTIMATE OF SUPPLY OF WATER AVAILABLE FOR IRRIGATION 

By J. F. DEEDs 

Records obtained during the years 1921, 1922, 1923, and 1924 have 
been used in preparing the :following tabulation o:f the water supply 
available for diversion :from Mud Lake. The tabulation is made on 
the assumption o:f a yearly irrigation demand o:f 60,000 acre-feet, 
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distributed through the irrigation season substantially in. accordance 
with records showing the demand heretofore made on the Mud Lake 
and Minidoka pumping projects-that is, 13 per cent in May, 26 per 
eent in June, 26 pe.r cent in July, 22 per cent in August, and 13 
per cent in September. It is assumed also that if the lake is about 
empty on October 1, it will contain 35,000 acre-feet of water by 
the following April 1. The basis for this assumption is the fact 
that in one such period (October 1, 1921, to April 1, 1922) the 
lake, while receiving a measured surface inflow of 35,370 acre-feet, 
had its contents increased from 16,220 to 47,260 acre-feet, a gain 
of 31,040 acre-feet; and that in the following period (October 1, 
1922, to April 1, 1923) the lake, while receiving a measured surface 
inflow of 41,940 acre-foot, had its contents increased from 23,310 to 
53,840 acre-feet, a gain of 30,510 acre-feet. During the correspond
ing period of the next year (October 1, 1923, to April 1, 1924), the 
measured surface inflow amounted to about 44,790 acre-feet and the 
Jake contents increased from 23,100 acre-feet to 55,400 acre-feet, a. 
gain of 32,300 acre-feet. In each period the gain exceeded 30,000 
acre-feet and was larger in proportion to the inflow while the lake 
was maintained at the lower level. The inference is strong that there 
would be an even greater gain, -assumed at 35,000 acre-feet, if the 
lake were maintained at lower levels in accordance with the assump
tions stated. The table shows records of rainfall and of evaporation 
and transpiration and quantities derived from these records as ap
plied to the area of the lake surface corresponding to the contents 
at the beginning of each month. Transpiration is tabulated as di
rectly affecting the water supply only during June, July, August, 
and September, ~he months of appreciable growth of aquatic vege
tation, and then' only on areas of lake surface in excess of 6,000 
acres, as there is little or no vegetation in the central part of the 
lake that has this area. 

The water-supply tabulation indicates shortages o£ 8,060, 1,340, 
and 11,880 acre-feet late in the irrigation seasons of 1921, 1922, and 
1924, respectively, and a surplus of 3,580 acre-feet in 1923. The 
deficiencies would be at least partly absorbed by the unmeasured 

· ground-water inflow during the irrigation season, for which no 
allowance was made in the tabulation. It appears, therefore, that 
approximately 60,000 acre-feet, distributed as needed for irrigation, 
could have been supplied from Mud Lake in each of the years 1921, 
1922, 1923, and 1924, except for part of the 1924 shortage, which 
probably was abnormally great owing to the unusual low-water 
conditions that prevailed during the year in Idaho. 
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Eatim,.a,tea supply of 'U)()ter that wouW have, been available tor diversion from 
M·ud Lake in 1921, 1922, 1923, and 1924, if there had been oomplete utilization 

[Based on records of surface inflow and rainfall, taking into account observed losses through evaporation 
and transpiration, and assuming an 'annual irrigation demand of 60,000 acre-feet] 

Irrigation Condition of Rainfall on Losses lake on first . demand day of month lake 

Sur-

Flow of 
plus 

Evap- or 
ora- surface short-

Evap- tion water age at 
Month ora- and into end of 

tion tran- Total Con· lake irriga-
Per Acre- from spira- (acre- tents Area Feet Acre- (acre- tion 
cent feet free tion (acre- (acres) feet feet) season 

water from feet) feet) (acre-
surface water feet) 
(feet) with 

tules 
(feet) 

1921 
ApriL ______________ 

0 0 0.239 ------- 2,120 35,000 8,850 0.004 35 6,125 
May---------------- 13 7,800 .431 -o.-737- 4,350 39,040 10,100 .190 1,920 20,430 
June _________ ------- 26 15,600 .568 8,030 49,240 12,270 .030 368 9,570 
July---------------- 26 15,600 .682 1.58 8,830 35,550 9,000 .052 468 1,430 ::.::1;230 August.-----·------ 22 13,200 .530 1.5 2,340 13,020 4,420 .020 88 1,200 
September---------- 13 7,800 .382 .462 0 • 0 0 .035 970 -6,830 

1922 

April_-------------- 0 0 .217 1,920 35,000 8,850 .057 504 5,060 May _____________ --- 13 7,800 .513 5,280 40,560 10,290 .098 1,010 16,_900 
June _____________ --- 26 15,600 .568 1.12 9,590 45,390 11,520 .052 600 10,400 
July---------------- 26 15,600 .563 1. 78 6,670 31,200 7,850 .052 410 4,900 
August_------------ 22 13,200 .486 1.44 2, 250 14,240 4,630 .170 790 3,800 
September.---~----- 13 7,800 .414 .85 780 3,380 1,880 .000 0 3,860 -1,340 . 

1923 
April _______________ 0 0 .. .162 1,430 35,000 8,850 .080 710 6,870 -------
May ____ ------------ 13 7,800 .387 --.-48"" 4,040 41, 150 10,440 .132 1,380 8,200 ______ ... 
June ___ -------- _____ 26 15,600 .413 4,330 38,890 9,860 .150 1,480 8,900 -------
July---------------- 26 15,600 .619 .97 5,030 29,340 7,360 .120 880 6,070 -------
August.------------ 22 13,200 .497 1.12 2,430 15,660 4,880 .090 440 5,670 

+3;580 September __________ 13 7,800 .392 . 92 990 6,140 2,520 .042 105 6,130 

1924 

ApriL __ ----------- 0 0 ... 200 ------- 1, 770 35,000 8,850 .009 80 10,180 
May ____ ------------ 13 7,800 ... 440 4,860 43,500 11,040 .014 155 7,150 
June ____ ------------ 26 15,600 "· 520 a. SO 6, 705 38,145 9,665 .008 77 3,100 
July---------------- 26 15,600 ".620 al, 60 3,360 19,020 5,425 .095 515 2, 770 
August. _____ ------- 22 13,200 "· 510 a}. 35 964 3,340 1,890 .006 11 3,310 -7,500 
September __________ 13 7,800 ".396 "· 75 ------- 0 0 .051 3,420 -4,380 

• Evaporation and transpiration losses estimated during 1924. 

MINOR LAKES 

HAMER LAKE 

Hamer Lake is a natural reservoir supplied entirely by seepage 
of ground water, supplemented during the irrigation season of 
1921 by a flow of approximately 6 cubic feet a second from the six 
artesian wells of the Hamer qanal Co. A ditch has been dug from 
Hamer Lake northwestward through several ponds and sloughs and 
drains water from them into Hamer Lake during the irrigation 
season, when the lake is low. A plane-table survey of Hamer Lake, 
made in 1921, showed a high-water area of 184 acres. At the ~gh 
stage, about June 1, 1921, the lake had an average depth of 3 feet 
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and a content of 550 acre-feet. Early in July, 1921, the lake was 
practically pumped dry by the pumps of the Hamer Canal Co. 
The artesian wells were then uncapped and used to supplement 
the seepage from the shores and bed of the lake. 

Records of pumping operations by the Hamer Canal Co. show 
that 2,370 acre-feet was diverted during 1921 to irrigate between 
450 and 500 acres. Because the surrounding water table was at · 
approximately the same altitude as the surface of the lake there 
were apparently no seepage losses. The total loss from eva pora
tion during the year was about 590 acre-feet as calculated from 
an estimated loss of 3.2 feet over an area of 184 acres. On March 
10, 1922, the gage in H~mer Lake read 2.90; on June 16, 1921, it 
read 2.16. The total quantity of water taken from the lake from 
April 1, 1921, to March 31, 1922, by diversions and by loss due to 
evaporation was about 2,960 acre-feet. In addition some water 
flowed from this lake into MuJ Lake and has been reckoned with 
the supply of }fud Lake. 

NORTH LAKE 

As North Lake has no surface inlet, it receives its entire supply 
from ground water. It had no surface outlet in 1921, but in 1922 
it spilled over into Mud Lake for a few weeks during a period of 
high water. Because it was not tributary to Mud Lake in 1921 
it was not considered in the measur·ements of area or capacity of 
Mud Lake, and its area and capacity were not included in 1922 
because the calculations for the two years would not be comparable. 
The altitude of the lake on June 20, 1921, was 4,792.35 feet above 
mean sea level, or 7.35 feet above Mud Lake on that date. The lake 
fell during the summer and rose again in the fall. A staff gage was 
installed June 25 on the south side of North Lake, on a fence post 
on the line between sec. 25, T. 7 N., R. 34 E., and sec. 30, T. 7 N., 
R. 35 E. At that time the gage read 6.92, and on October 10 it 
read- 4.92. A plane-table survey of the lake, made in June, 1921, 
indicated a high-water area of 1,180 acres. The evapor·ation and 
transpiration from this area during the year ended March 31, 1922, 
was estimated to be 3.4 feet instead of 3.21 feet (the figure obtained 
for Mud Lake, as explained on p. 100}, because of the small addi
tional loss by transpiration on the marshy area. According to this 
estimate, the total loss through eva potation and transpiration for 
the year was 4,010 acre-feet. 

There are at present no diversions from the lake for irrigation. 
Hence 4,010 acre-feet can be assumed as the approximate annual 
supply. No soundings were made of the lake, but from careful 
observations around the shores it was estimated that at high water 



MUD LAKE BASIN, IDAHO. 123 

the depth averaged 3.5 feet. This indicates a maximum content 
at the high stage in 1921 of 4,100 ·acre-feet. A survey by 0. S. 
Anderson, of Menan, Idaho, in April and May, 1920, showed the 
area of the lake to be 1,200 acres and the content 5,000 acre-feet. 

JEFFERSON RESERVOIR 

The J e:fferson reservoir receives its supply entirely from ground 
water. Formerly it was a series of springs and ponds that made 
their appearance about the time that ground water appeared at 
Hamer Lake and North Lake. It is now diked on the south and 
west sides and is used as a storage unit. No accurate data are avail
able, however, to show that the flow from the Jefferson reservoir 
formerly entered Mud Lake. Reports of residents in the vicinity 
of the reservoir are conflicting. From available topographic data 
and a study of the situation in the field the following tentative 
deductions were made : 

1. Before the present dikes and canals were built, water from the 
Jefferson reservoir probably wasted out over the level country to 
the southwest, as is indicated by the appearance of the soil, dead 
sagebrush, and relatively recent growth of greasewood. Very little 
water probably reached Mud Lake before these dikes were con
structed. However, if the dikes separating the Jefferson reservoir 
from the ~wamp area due south of it were removed and the re
mainder of the diking system were unmolested, water would flow 
from the reservoir toward Mud Lake. 

2. During the winter the Jefferson reservoir fills up, and water 
either wastes through the canal upon the lands of the reservoir 
project or flows over the spillway into the Jefferson reservoir addi
tion to the south. 

3. As shown by the map (Pl. II), the Jefferson reservoir addition 
is formed by a dike on its south and west sides, and were it not for 
the dike on the south, water would flow from it directly into Mud 
Lake. If the dike on the west were also removed, the prevailing 
direction of flow might possibly be toward the southwest, as from 
the Jefferson reservoir, for Mud Lake at extremely high stages 
discharges over its dikes in that direction. 

The area of the Jefferson reservoir at its high stage, on June 21, 
1921, was 1,104 acres. On the same date the altitude, at a gage 
height of 3.09, was 4,788.80 feet above sea level, or 5.12 feet higher 
than Mud Lake. No soundings of the reserV-oir were made. A 
survey made by 0. S. Anderson in March, 1920, showed an area of 
1,140 acres and a maximum content of 4,560 acre-feet.· F,.-om ob
servations made during the investigation it is believed that the 
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average depth of the reservoir at the high stage is not more than 3 
feet, which gives a maximum content of about 3,310 acre-feet. 

Water was diverted for irrigating 862 acres through the main 
canal of the Jefferson Reservoir Irrigation Co. during the irriga
tion season of 1921. Daily readings of the depth of water over the 
two rectangular gates in the diversion dam were made by W. H. 
_Abbott. From occasional discharge measurements of the flow 
through the canal and daily readings it has been calculated that 
about 3,930 acre-feet was diverted from April 1 to September 30, 
1921. 

On the basis of 3.4 feet of evaporation and transpiration over- an 
area of 1,104 acres, a loss of 3,760 acre-feet was sustained during 
1921. This is believed to be a conservative estimate of the loss, 
because about 40 pei' cent of the reservoir consists of tule marsh, in 
which the loss by transpiration is doubtless high. 

The above data show a total supply throughout the year, including 
diversions, evaporation, and transpiration, of about 7,690 acre-feet. 
This, however, is probably a very moderate estimate, because the 
reservoir, usually fills early in the winter and considerable water 
wastes through the canal before irrigation begins. 

JEFFERSON RESERVOIR ADDITION 

Between the Jefferson reservoir and Mud Lake is the Jefferson 
reservoir addition. A dike about 200 feet long prevents the flow 
from the sloughs and any waste water from the Jefferson reservoir 
from entering Mud Lake. The area of the water surface at the · 
high stage in June, 1921, was 250 acres. Two diversions for irriga
tion were noted-the Hansen ditch and the Abbott ditch. Approxi
mately 200 acres was irrigated in 1921 with water diverted through 
these two ditches. This reservoir is believed to have an average 
depth of about 1 foot at the high stage. The constant flow from the · 
springs on the east side is not enough to offset losses through evapo
ration and transpiration and diversions for irrigation during the 
summer, and hence the reservoir practically dries up before the end 
of the irrigatiOn season. 

An annual evaporation and transpiration loss of 4 feet has been 
assumed, as approximately 75 per cent of the reservoir contains tules 
or other marsh vegetation. This factor applied to ~50 acres gives a 
loss of 1,000 acre-feet. On the assumption that diversions during 
the irrigation season amount to about 500 acre-feet, the total supply 
for.19¥1 is estimated at 1,500 acre-feet. 
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SPJUNG LAKE 

No gage-heigh( records: w~re obtai:ned on Spring L~e, :~n;f .. ~o 
soundings ~ere' 'm..~e. file wpply comes fro~_ a serie8 of_ spr~s 
in the cenjter and northe~stern part of the lake._ ~ rough plane~ table 
survey m+de jn ~uly a;n~ October, 1921, ~hows a wetted area of 2~00~· . 
acres. P~ior to_ the ~imej that t.he dikes were co~ruct.eP ,on the :west 
and sout~west sides. of_ t~e ~ake the flow :of the spri~gs. w:as used for 
irrig' ationj,_: and ~dllring__ ----t~e re_ m_ ainder o_ f, the year -t-his· __ water wasted 
out over ~he nearly Jev~l( cquntry to the ~uthwest. About 700 acres 
,was irrig~ted frt>ixl.. Spri~-· g_:_ Lake in_ 19~l- .. T_ he .Mcl\:evitt, M_itch-ell, 
and W11s9n ditches ,e~n diyert w~ter frdm the Jak;e, but the Wilson 
ditch Wi1 

not ~~ mj9tl. + shortage ?f water was experien~~- in 
July and .Au~t .Q,ff t~ t_ year. The lap.ds were .irriga~4 in the 
spring ~n _ ag_a_ iJl.J~ the _all, but on accoun_ t of the __ ahor-tage.rep_?rted 
it is bell ed. that 2 ac~' -feet to the acre is a fair esthqate of the 
amount _$<!-on .the .700 .~cres .. This giyes 1,400 .ac~e-feet .u~d. for 

irrigati~ T_-. h---~-.• lp. ss_• fr. __ Dl_ ,_e_v.-a.por-at-io. -~-:an_. d t. _r_a_D.S._P_ .i~-a--t-ion----.~-.' _·p.robably high~ as ahQp:t 6P·p r. t;e:Q.t. of the ~rvoir i~. marsh._ .. ~ it was 
4. feet ov~r tb~' entir~ etteq a.rea,of, ~,200 acres~. it amo~ to 
8,800 acn!-feet~· f The, tothl ~ua1.suppfy is .t.Pe.-~fore, estima~ .. at 
10,200 ac~-:feet. Ill._ a.d4iJi'n ther~. were .~page losses tow.ard. t]lt> 
west fro~· the lake~ At ~he. high stage the re~voir is: e¢,i.m.ated to 
have an erage depth olf . .lJ> feet and a cap~city of 3,800. acre-feet. 

A ~ud of the ,_Jpeagetd ... ta. available leads to the conclJ.l$on that 
the, P,re~t irr~~a~El 'are . ~s sufJi~ient to utilize the entire .available 

flow of, spPllgs ril!i~ in ,this~~voir. . . · . · 

I ' GBo~~WA~ S'UPPLY 

.A roug •. analysis of, the; probable· total .quantity· of gr.ound1 water. 
that feedsj into the lallesi a.nd; reservoirs· in the Mud ~e· basin 'Or. is 
'discharge~ by E*vaporation,and- transpiration .on, the manshy!.Iands 
without r~aching any of.thelakes is :given below. . . 
' The wa~ supplies: ~f · sh~: minor la:kes. ·(diversions f~i irr4J~on 
plus Jo.sse$ by evaporation ·and tra.nsJnration) • as· deterlW.ned ·' durtng 
1:921 a.re a~out 'as follows :Bamer Lake, 2,960· acre-feet; :Noitli Lake, / 
4,010 acretfeet; Jefferson reservoir, 7,690 acre-feet; Jefferson. reser-

.voir add-~· '·o--n, 1-~~~.acre~~eet; Spr-i_n_ g,L_ ~k. e,. 1C0.-;2_-.00 __ ·_a·e._r_e __ ._-_~~.; .. _~~_._,·.-·; to_.~~.·· .. -_·. 26,360 ac e-feet. Practic~~Jy: all of this water IS der1ved from 
spr.ings_ d seepage ~xcept that which. falls on the lakes. as r~in or 
snow. · T e areas of these lake.s used in the preceding. ·dalel;ilations 
are as fo ows: Hamer Lake, 184 a~res.;, North. ,Lake,_'1',18P~.:~cres; 
Jefferson eservoir, 1,104 acres; Jefferson reservoir addition, 250 
acres·; Sp · g Lake-, 2,200 acres; total, 4,918 acr~s. If the precipita-

50065 -25-9 
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tion during 1921 was 8.29 inches, othe total amount of ·water that 
fell.on the lake areas as rain or snow was 3,P90 acre-feet... Deducting · 
3,390 acte-feet froni the totafstipply 6f 26,q&trapi-e~~~t iea\tes~22;970' 
apre-feet, wbich was derived ''front ·gtotmd waWt; 1~ii'ring~ th~. y~~t 
ending Mardi 31, 1922. '.. .' ~ . . ·. ' ' . '' ' ' I •. ? '\ . ' ; ..:-' ' '. . ' r ' .. . . . 1 

' 

The . total: area covered by· htk~s,' re'seivolrs, f and. ·ffiarsl\Y .. lands 
whe;re· the 'water titnle ·~s ljiot .rnor~ ~1l1:il. 5' feet ~.,tiw' ~~th.e' ~u.~~ace. J~ 
approxim~tely 27;670 acres, as 'det~rltiliied by plaJ,iimeter ine8:sur~~ 
ments on ·:maps ·that were carefully :made hi th:¢ ~field With a· pla:ri~ 
table. 'fhe . area of,' M-qn L~lie used jil the p~irlg, 'e.a1ctthitions · is . 
12,600' acres, arid the aggrega~ area, 6f th.~! 'rliii\dt1 tak~s' it'bo'tit : 4;1)26 
acres, making a total of 11,520 acres. ··. 'Dedu~ting .· 'i1 ;520. acr~s .· frotti . 
27,670 acres leaves 10,15'0 'aetas: of<wetted' &.fet\'wb.t~h. ;has. ri.ot bJ~h . ;j 
taken. into ·consideration. but which wa~; subj~c~d t6 : l~Ss~s' by' eva}j:. 
oration · and transpiratio:n 'o:f gr6und · W&;~r:· · ., Gro\Uid" water· . tltat 
stands within a few feet of the snrlace will sutlef ·lo~s· _by ca'pillar~ 
r'aise·and evaporation and by ab80tptioifand ttan~pir~~fono{pl'ants'. :~ 
The· depths'froni'which ground ~tar is uisbhlirged.;b~'these prooos~s 
depends on'the'charact~t' of the Soil and th~'kiitd;of'P,lants: ... ·.·.,; 

· About·t5 per ~nt of tlj.e 10;150 acres is:slibjoot'~ h~vy trarrspira
Umi''ohl account ·df tne··ptJUtlt ~11: df ·tnarsii ve~tation .. Ttle 
evaporation from the operi water" tjf~M~d. ~a:Ire ~trr'ing· th~ year 
was ·d~termined to be 3.21 : feet,'t!te . evaporation ·11hd Jeta.nspiratiol,. 
from the tule pan from Jrtn~ 18. to· ·~ptember '93 ~~ ':t~S . f~et, · atrd 
the· evapor~tion and transpir'riti~ti' frni~: ·a wb.~r~d·.'tule~cbv~~d 
area during' the year, if ·c6mputed. 'by "tpe·· diifereti~~t m~thod: pte~ 
viously described, amounted th 4.~2 feet.' •. Theiefore' 'ii' losS :of '4 feet· 
~as arbitrarily. assu~e,d !~~r _;tlu:. }-Q,l~~ :'&~. not previously c?n
sidered. On th1s basis about 40,600 acre-feet was lost by evaporatiOn · 
·and transpiration· £rom the a:rea' in· 'l9iL·.; ,':Dl\e ·p~tation~\lf)on 
the area,, reckQned at 8.29 ; inchOt;;-unoutllled· Cle · 7,000 aoie·•feet.: De,. 
.ducting 7·,000 acre•feet, .from 491'800 .Iacm•foot ·leaves 31.,600 :;a~ .. · 
feet, which was derived·from grOlllld· 1'tatl!r. · ; . " ;>. . '· 
··On.: the: basis of the foregoing ~iuns·the;~tity \of· groUn.d 

water that ;a;ppesred :at the suriao& iii· :the: ;Jabs: r&l&d ~s of th~ 
Mud~ LaJrel basin during the year em:Img ·Mamh .31,· l"922, wa8. •:as 

. follows: .. · 
' ' \ •- , 1 f I • ,.- ' ' , -. , ! j \ ~ ~· ,' , ! , •. • , ' _t • 

(iround-water 8upply of the Mud L~ke ''bfz.tin rlultinu t'IUJ year· et,ilin,g March, 1$. 
· · · 19!1, ttt, uere-feet · 1 · ' · · : 

I. 
I. 
i 

'. ' r ~ ' • ~ ' ~ ·~,. 

}lud. Lakf:L·-----.-----:----:----~------·--... ~r--;----:-.-... 71--,,--;-~r-. 3p,.100 
Five :q1inor lakes-~--·-______ .:_ ________ ,..'_ ___ ...,_: ___ ..,...r.:. ____ ~. 970 

· Marshes not· included with tattes.:. ________ .:__:_ _ _:.~:_::_ _____ · gs; 600: 

I'{:, 



The gr6und ... wate~·,stlpply. of the Mud La5ke ~b~stn···for the year 
ending March 31, 1923, ivas probably· somewhat higher,-tor, ·as 
show:p, on page _119~''i3,200 !acre-feet more of ground water was con
t;rihnted tQ Mud Lake in that year than in the· pr~vious year. More
over; the···fact that N<>rth Lake· spilled over for ~ short time during 
tke ,'high waterr of 1922'' inqicates that there w~ an increase in the 
amount ·of ground water 'entering the basin. ~ The total amount 
for the year Snding March· 31, 1923, was probably about 120,000 
acre-foot... · . . 

ARTESIAN CONDITIONS, 

Oonditions in ·la~a . ....:.Soine of·the lava is very permeable 'ti:n4 
yields large supplie$_ of water with but)ittle dr:awq.own .. A~ a· rq,te, 
it is too permeable to con,fine the water undet' ·artesian pressure. 
During· the geotoglb·develof>inent of the Mud Lake region a pe~iod 
of- sedirnentation wa-s often interrupted by -voldanism. · Thus·la"'a 
s6metimes:ftowed: but U:t*Jrtl'imperVious·cJ..ays tmd,~·with·the r~\iem 
.Qf:ideposition, was ·some··:tilh.es buried by m0re <;lay beds~ ·Suchua 
oondition' produced! the art~ian: basin toot ttndetilies Ranier. H.etie 
tJhe · watet has 'ftJUlld it\Sll\vftly :l:n.to permeable: lkir'a a11d has'! ~e 
OOrlfil'led•. be~n. 'tW.Q: neat1Jy imperViOUS .bedS!,()£': clay. ' Thtf!Tthe 
:formation~ in the Mud Lalte basin produce only, lbcal· ·a.rtesian .. :ttm'" · 
ditions.· ' The' imperv-ious ··clJty ·beds between su~cessi~e la VI\. betls are 
bf much·m&repra'Ctical !V\\ltte in preV'enting··the water from,:sinki~ 
than in holding it un.de'r· ·a~esian pressure. . · · } · · · 

Seven ·flowJ~ -w-ells ha•a 
1 

been· obtained itt the vicinity o-f ·Hfi&Mt. 
Six of these.:(weUg.•A ta·F,1Pl. II) belong to·thij. Hamer Canal COJ, 
1lnd :one, in 1Jh'e .. SW~:%, .SW!. lA, sec. 20, T. 7 N~, R. 36· E., ·belongs• tb 
Robert Clinton(· ·· All: are. 8 $ches in diameter except wells .A· ttttd-' -B, 
which are 6 inches ~:Q. qiaiDr~~r, and we!l F, ~hich is 10· inches in 
{fiameter. These wells pen~trate the upp~r clay bed, which ranges 
in thicb.ess frOQ1· 11"7 .w 70j. feet, ~d end in the ·vesiculf.tr,. wA/t~r
;bearing.la.v~ Pf: l\f91:1Mll1Mt,But~, :whefe they obtain large q"'""nti.r 
.ties of .w~ter~ . :T~ 1~a~F ~ the lava is here .confined und~:th~"tli~ . 
dent h~ad to.;~$. ~.ip,,:ri~ to a..p.. altitude of 4,;792 fe~~ a.~v.~~sea 
lev#l, pr.i sijghtly,Jib()v,e the I surface. The wa.~er .from .the wella 1:0t 
.:the:Ha.m,.er C~n~t Q9. i~. rai~d 17 .. feet hy:pumps in,tp the main ~a-\ . 

. l;he ~PUQW~: .da~a. were ,pbt~eq reg~ding -th~. flowing wellsroi 
t~eH~er.C~Co.; (::. . , _ .. ~ · 

,) 

I.··, 
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·YieltJ and head of flowing wells of-. the Hamer. Oanal Oo. 

Depth 
(feet) 

Yield 

second-· oaltol1s 
feet a ininute 

Head • 
(feet) 

8~ 
capaolt,
(g8.Uona 

a minute 
for each 
foot of· 
draw· 
downV. 

""'-'---------.....----- -----.-· _ ____,..._ ___ _ 
A ·-- --- -·--- -------------- .;. •• -----------------------
B --------------------- ~--- --------------------------
0 --------------------------------------------------
D --------------------------------------------------
:& --------------------------------------------------
F ---------------------------------------------------

If 

96 . 1-.11 498 ---------.- ---~-·--···: 120 1.11 498 ---------- _________ ... 
100 . 95 427 & 2. 75 155 
60 1. 35 605 1. 18 ' 512 
60 1. 24 556 1. 25 445 

100 2. 23 •1,003 ---------- ---------~ 

• Based on difference between water level in extension casing fllld w.ater level in canal when well is 
:flOwing. · 

• Reported. · 
• Casing has since been cut lower so that flow is larger. 

The table shows that the specific capacities of tbe wells are very 
large, especially those of wells D and E. Because of their lar~ 
specific capacities, wells A and B, which are in the sump, C()uld be .. ··· 
made to yield more water by cutting oft several feet of the casin&• 
This would increase their flow when the water·lev.el in the sump is 
low during the irrigation season. If the ·head of any .. of these wells· 
d:e.creases only slightly, they will cease flowing, but.tbey can still be 
made: t<'.l yield large supplies by pumping. 

0 onditions in deposits of gravel and sanul.-Some areas in the 
Mud Lake region are underlain by great deposits of sand and gravel 
with intervening beds of clay, but no artesian .water has been found 
in these deposits. However, few wells have gone very deep below 
the water table. · It is possible that &wing wells may .yet be oh
tained from deeper parts of these deposits, but .the pat depth to 

.. :the water table to the south and west is .distin.ctly .unfavorable . 

. QUALITY OF w·ATER · . 

.Analyses of 17 samples of water froni the ·Mud Lake 'basi~ are 
·given in the following table. Samples. were taken from a few well!~ 
·reported to have a high alkali content and fro~· sU.rface sources rep-. 
tesenting the entire supply of irrigation water diverted from Mud 
Lake and near-by sloughs. The water throughout"· the regio11 is · 
rather good for an arid basin where there is no 'Outlet ·for the sur~ace 
·water. The good quality of water in the deposits ofsand and gravel , 
indicates that alkali and salts are being carried from ·the region by 
ground water. The water in the basalt contains comparatively 
small quantities of dissolved solids and generally is not hard. 
Spring Lake water proved to be the only irrigation· water that con
tains enough alkali to be troublesome. Otherwise the irrigation 
water of the Mud Lake basin is to be considered good. 



Owner or name LoCation Source 

0. C. Brown •••. : N-ortheast comer SE. Drilled well. if sec. 14, T. 10 N., 
.35E. 

B;amer Canal Co~ NE. ~ SW. J(sec.14, ·tc·-do _______ w NNR,,36E •. 
. CJtas. Rising ••••• N _if! _E.~sec.29, .. _____ do _______ 

s~i ·· i !t!!/~w :: ~->-do _______ C. A. Olson~-----
Usec.18, T.6N., R. 
36il:. -

Luxton Market .• 1~ miles north or 
_____ do _______ 

daho FallS. 
J. R. Raumaker •• Northwest corner SW. _____ do _______ 

U sec. 5, T. 7 N., R. 
37E. 

J. Hendrickson ••• NW. \-SE. Usee. 21, Dug well ••.. 
T.8 .,R.36E. 

C. 8. Sharp.----- Northeast corner sec. _____ do ... ~---
22, T. 8 NJl· 36E. W. Czarvecki ____ SE. ~ NE. sec. 23, -----do _______ 
T. N., R. 33 E. 

'!'~_1;!. Boody .. .,.~ ~W.KfW-~sec.l8, -~·;:-<lO~----~-
T.7 ER.35E. G. Welchman ____ SE. U S __ • 3( sec. 32, _____ do _______ 
T. fN., R.34 E. . 

Alec Mitchell •. _. Northwest comer NE. Driven welL It sep. J9, T. 7 N., 
· .ME. 

LidyHotSprings Sec.2,T.9N.,.lU13E. Hot springs_ 
North Lake ______ Sec. 19, T. 7 N., R.· --------------35E. _ 
SpringLake~-----' SE.3(sec.5, T. 7N.," --------------R.34E;, . 1-- }A>b. ·1 T. 7 N .,II. ME, ____ --- ........ -_ .. _____ 
Mud~«~------- Fftst Owsleyl)umpin&. --- .... -----~-~--

c • • · • plant. :_ · . • · 

A nalysea of water from Mud Lak_e region, Idaho •- · 
. . 

[Analyzed by Margaret D. Foster. ·Parts per thllli(rn] 

Depth Silica 
of well (SlOt) 
(feet) 

376 28 

001 
44 

40 32 

262 as 

190 23 

135 43 

22 28 

28 25 

34 32 

17 15 

50 9.2 

50 36 

37 
22 

27 

,~ ... --'!!' ...... :H 
27 

Iron 
(Fe) 

0.10 

.08 

:19. 

.09 

.15-

.08 

.16 

.32 

.09 

.10 

.65 

.24 

.17 

.37 

.22 

.13 
•. "Jil' 
.. 

eft'· Sodium :Blear· Sui- Cblo- ,...., T.otal_ 
.... Mag- and b. t h t ri ... e N~.., ~s-

cium · nesium potas- ona e P a e radicle radicle solved 
(Ca) (Mg) (~~tr) (~~:)· {frfJ6 

(Ol) (N!>a) ~? 
1SOOC. 

--. --- - . -·-.--~ ------~ 
9f -40 21:-: 143 : ~ 177 u 529 

'27 10 ., 13 131 11 6.2 2.2 - 169 

31 13 20 138 14 16 1.4 .204 

36 12 . .16 lOS 12 2.2> -~.3. 2 213, 

.69 19 20 257 45 2& 5.9 334 

27 9.4 15 •140 7 6.4 ~9 178 

52 11 6.6 3)6 6.2 4. 6 6.7 216 

216 42 82 144 118 431 38 1;032 

104 32 45 193 55 205 Trace. 633 

233 103 377 247 303 800 Zl 2, 1M 

412 98 134 110 340 ~ 7J 2,029: 

49 15 17 162 30 .34 1.4 274 

80 17 34 1-64 116 -·s. 1 ~- 441 
56 16 68 314 21 49 Trace. 396 .. 

.71 70 415 •f/!5 .366 31-3 .Trace .. 4638 

19 .··· . ·t: 38 .. 70 296 .31- Trace~ .367 
38 ~4 '34 209 ~~ .tti -·6Q· ... ..268;· 

. ~ '<~·- ;:.!' 

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

·.}Deludes carbOAathl'Mible iliim than 10 ~tst>er:mntibYt. :' ~~ .... ... ~, 
~ ' 

392 

108 

1~1 
- . 

1;J9 

260 

106 

175 

712 

391 

:1,000 

1,48D 

184 

210, 
206 

464 

173 
·:·; 1~ 
~.!' ~ 

_:~ .. 

.. 

48 

Material 
in which 
:~ the 
·water 
-900Drl 

~ 

Basalt~ 

_.,._,.. ____ . Do.-

55 Do •. · 
-

·54 Do. 

_____ .. __ 
Do. 

Do. 

54 Grav8i. 

55 Do. 

54 Do. 

49 Sand. 

58 Do. 

62~. Do. 

n5 
32.5 

36 

a¢~ 
60_' . 

·~ 

... , 

1..'· 

~. ~ ' 

JC. 
-~ 
~ 
PI 
J:?:lj 

E 
-~-

""' 
~ 
0 

.... 
to • 
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RECOVERY OF GROUND WATER · ·~ , ,. 
. . . . .· . . . ~ . . . . l 

Some of the lava is compact and dense. and th~r.~or~ not. adapted 
for yielding water, .but much of it is vesic11lar or jointed·and yields 
water very abundantly. The yield of th~ Hamer flowing wells is· 
typic:al. · Two drilled wells, 1 mile not'th · ot Spring Lake, end in 
lava at depths of 44 and 40 feet and supply enough water~-:for irri;.. 
gation. Each of these wells is reported _to have yielded . .over· 70 
miner's inches (1.4 cubic feet a second) ~ith little dr&wdQ."ft:a during -~ 
a. test of one hour in July, 192.1. . · : ~:- -

The recognized methods of developing irrigation wells. in sand 
and gravel deposits are the result of a v:~st aiJlount of .cqstly experi-: 
ence by innumerable drillers, and those who wish to d~V.elop such 
wells should use these recognized methods and should preferably 
have the work done by drillers who are ·experienced in well work of 
this kind. There are different types of successful irrigation wel&l 
in sand and gravel, but the most generally successful type consists 
of double stovepipe casing that is inserted as the hole· is made· anQ. 
that is later perforated at all satisfactory water-be&ring beds . as 
determined by a carefully kept log of the well. 7 The. perforations 
are generally rather large-perhaps a quarter of an inch across-an~ 
the well is pumped hard and long to remove the 'fine sand-and leave 
a natural .strainer of coarse material around the intake of the well. 
If no coarse material is penetrated in the well it is sometipJ.eS prac.- ' ' 
ticable to shut out the sand and increase the yield by inserting gravel · 
according to one of several methods.8 ·However, this pro.cess of d~
veloping a well by inserting gravel is likely to be difficult and uncer
tain. ~f the sand is very fine and incoherent and there· is no coarSe 
material mixed or interbedded with it, successful irrigation wells 
may be impossible. It is not necessary to obtain all the· water that 
#; required for a farm from one well. It may be entirely feasible 
to get the required yield by sinking two or more wells and pumping. 
them by suction, the suction pipes all being -connected at about the 

.. water level with a single centrifugal. pump. Caisson wells, such 
as have been dug·on several farms in this area~ have also been suc
.cessful in some places where the water-hearing bed occurs near th~. 
surface, but they have not come ·into stich . general use as the stove
pipe wells, which-·are very extensively used hi CaliforDria for irri
gation.9 · If it is found that in this area -water-bearing beds of sand 
and gravel occur only near the surface or that the water in the · 

'1 See U. S. Geo-I. Survey Water-Sup·t>Jy Papers 110, 140, 257, and 375; also 467, which 
.describes a model irrigation :well drill~ by the Geological Survey .. 

8 Meinzer, 0. E., and Hare, · ·R. F., . Geology ·and water reSIOarces of Tularosa Basin,. 
·.N. M&.: U. S. Geol. Survey Water-supply Paper 343. pp., 120-122, 191\'i. 

v See U. S. Geol. Survey Water-Supply Pap.er 37'3, pp. _1-49, 19HJ. Experiments with 
caisson wells have been made by the. Arizona Agricultural l!a:periment Station. :Sea 
Smith, G. E. P., A concrete caisson W"e~ll: Cement A~ vol. 7, pp. 804-308, 1908. 
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~li;~<\tr~ ~low.~;4ead to:be -.vnila~;··wr;pumP.W#f~r, irri
~~~~,jb.e,~~~n.;.~Hs.~ay PrPV~i~st ;aAa.pted. $ur~ ·lecal;ooadi., 
tiQIJ.Ii.,i Ha:WflV;er, ~n: tt~uate :test sb,(>uld·; if pOHSib~,, ~: ma«.e. .with 
a;,~rtil~W··OOPE~truct~d stove:Piti,e ,well that~ia~carrUtd to:·co.n~de~abhl 

. depth .. ;:·;;· •·r~ ._., · ._;. ·~, ,. i : · ··, ,;· 

. '. 

·.'rhe .~ta;.gi~~n ip ·tl;li~· re~li indiGQ.~ that '.~he '.total .sup~Ii Qf 
water wh~ch ·appen.r,ed at the $Urf~ce in Mud ~~e ,and: V:ic.inity from 
.April.~~. 1~24. tq Mar®. 3~,. 1~22,. amounted .•.. tQ $bo:ut I 16~,0()0' ,acr-e~ 
fe¥,,.of :WA~ch 95,000· aere-feet ~ppetlred ~-Mud .U,l~, ·2,6;00Q acr$ .. 
f~t ap~rec\ in fi,ve .smalle-r lq.kes or, rese:~;voi,r,s,~ and 41,QOO. acre-feet 
w,as .qi~b.~rge(l, by evapora'tic;>n . and: plant .grow;th wit:ij.out. r~aching 
IM!Y of,~~. ~ak~. or r.eservoir,s~ Of the total that .. &pp~ared tt.t th$ 
sttrface abop.t. 96,000 acre-feet or a little more. came; from• ~nder• 
ground sources, 47,000 acre-:-f~t or nearly. that ~mount d~ow13d,· into 
M..t;Ld ~~ke ~~Qill CalllJlS. Creek without. ·h~ving p~ .undergr-ound, 
and 19,000 ~9,r.~'"feet fell upon. the :wetted .a,r.ea. f.\8' rain. or sn~w ... In 
additio~ to th.~. l62,000 acre-feet. that appea,;re{l a.t th~, altl'face ·fm 

~known put. proba,bly considerable .quantit:y 6f.~ WJ:t.t$r.: es~ped; ~rom 
the basilll;>y ~per~lation toward the south .and Wtlst. , . · · 
· . The aggregate flow of Camas ·a.nd Beaver creeks at the ..-app~r. gag• 

ing ~tatiol}.~.amounted during theye~r ending MBtrcll:31,19~, to143,"' 
000 acr~-:feet. .A. large part .of. this. water doubtless reappeared; a.t 
the surfa~ in MtJd Lake and vicinity. The. ,dat;a,.given in :the .pre"" 
ceding para~aph indicate that 1,43,000 acre-feet appeared in Mud 
Lake and: vi~inity exclu,sive of the rain and $110~ .that fell ·~pon ·the 
wetted area~ . The exact agreement of these ·t:wo quantities is, of 
course, accidental. Other possible sources p:f ground water are losses 
of Camas .and. Beaver creeks above the .upper gaging stations, los:ses 
from Medicine Lodge Creek, losses fvom several .smaller '{:reeks. in.:, the 
same region, percolation of water from rain and snow that did not 
reach any· of these creeks but sank in certain areas of permeable 
gravel ot lava, and water that percolated westward from the irri
gated district of Egin Bench. 

The results given on page 118 show that the supply of Mud Lake 
for the year ending March 31, 1923, was greater than that for the 
previous year, indicating that the supply of Mud Lake is still 
increasing. 

Of the total of .162,000 acre-feet that appeared at the surface in 
Mud Lake and vicinity in the year ending March 31, 1922, 4,800 
acre-feet was stored in Mud Lake, about 49,000 acre-feet was used· 
fo:r the irrigation of about 13,300 acres, and about 108,000 acre-feet 
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was discharged by evaporatiOJl or by.· transpiration ~~~ tu.les' l\.nd 
other native plants of small eeonomitJ:'Ja:l~. · These··ciiio·ta 'show th~ 
the natural ) losses were very ··large in propbrtitbh · to tlie ~:quantity 
used for irrigation. They ·at once raise' the question ivfillther the 
supply for irrigation can be increased by reducing the· natural loSses. 

The question arises whether· the natural losses can be diminished 
by further diking the lakes so as to decrease their areas. . ';r~is ques
tion can not be definitely answered in the present stage'o~ :the 'lrives
tigation, but the conditions do. not appear to be prom:isi~g for im
provement by such means. A reStriction of the area/ ·of the lakes 
would result in a ·rise in the water level, and this rise ~olild ~nd. ~ · ·~ 
extend the swampy areas and to increase percolation out orthejbasi:il:. 
It is therefore· Iiot evident ·that further diking would iW6t~ase the 
supply available for irrigation. The natural losses· will,; however, 
be diminished by more nearly complete utilization 'c>f the water, as 
is explained by Mr. Deeds on pages 119-121. " 

Another promising possibility is to red.uee the losses through 
evaporation and transpiration, and·~ also the losses through percola
tion, by pumping from ·wells where the ground water is nearly at 
the surface and where the water-bearing lavas are very permeable, 
as at the artesian wells of the Hamer Canal Co. The pumped water 
COl,lld be led into Mud Lake or into the other storage unit~ at their 
low stages or directly_ upon land to be irrigated. If the· pumped 
water is ·used on land lying ·within certain limits. th~ · percolation 
losses in irrigation will be recovered; if it is used south· or west of 
those limits, the water that percolates beyond the reach. of the roots 
of the irrigated crops will be permanently lost to this 'l·egion. If it 
proves feasible to pump water from wells for irrigation fn the belt 
west and northwest of the swampy tract of Spring Lake, where the 
water table slopes toward the west, the water recovered will be 
largely or w:holly water that would otherwise be lost to the region.·· 



IN DEi 

A 
PB18 

.Acknowledgments for aid ••••• ,. .. ,. ............. - 90 
Ala~ ~of waters tionL ••••••••• ~. ·~ 
,AJ8ab, smairses 6f wa~ from.~-----------~ 59 
Arizona. analyseS of w~tetS from .•••••.••••• ., .50--6.0 
.Atkanaas; an.alyaes ohi•aters from~----------.-· t10 

il· 

:pe&ver c~. course and disebarge oL ••• 104--11}5 
Birob Creek, oourse and discharge of ••••.•• 106-101 
Bryan, L. L., with Steams, H. T ., Prelim· 

inaey report on the geology and 
water reliources or the !4Ud Lake . 
basiD, ldllbo ••• ~ • ..c~------------- 87-:-133 

c 
Callfornia, analyses of waters from •••••.••••• 6HJ3 
Camas Creek, courSe and discharge oL ••• 102-104 
Oollins, W. D., and Boward, C. B., Index of 

analyses of natural waters in the 
United States •••••••••••••• ..-•••• 53-85 

Colorado, analyses of wattrs lro.m ••••••••••• ,.. · 63-:66 
Connectlctlt, analysesof'f~ from •••••••• 6lHl6 

D 

Deeds, John F., Estimate of supply of water 
to Mud Lake available for irri-
gation .......................... 1111-121 

and White, Walter N ., Water power. and· 
irrigation in the Madison :River 
basin,.Mont..................... 1-30 

Delaware, 8Dalyses of waters from........... 66 
District of Columbia. analysesofwatersfrom. 66 

E. 

E'gtn Bench, features of.-.. •••••••••••••••••••• 92-f5 
relation of, to the water supply of Mud 

Lake basin.---------------~--- 11()-114 

F 

Florida, analyses ofwaters from~------------ 66-67 
Foster, Margaret D., analyses by............ 129 

G 

Georgia, analyses 9f waters from............... 67 
Gibbon River, monthly discharge of......... 22 
Great Plains, north~, area thus designated. 31 

northern, geology oL ••••••••••••••••••• 31-33 
precipitation in...................... 34 
summary of chemical character of 

ground waters of................ 52 
waters from Dakota ~d Lower Cte· 

taceous sandstones in •.•••••••••• 50-51 
· waters from Fort Union and Lance 

formations in ••••.••••••••••••••• 43-47 
waters from Montana group in •..••• 48-49 
waters from surficial deposits in._-~- 41-43 

Ground water, chemical ehanges in •••••••••• 36-41 

geneial character of-----------·-·····- .. -- 35-36 

H 
. Page 

Hamer Canal Co., artesian wdls of •••••••• 121-128 
H~er Lake, ldaho~ water supply.oi ..... ,..121-122 
)Iebgen reservoir,.M~t., description qL ••••• , 23-24 · 
Howard, C. 8., with Collins, W. D ..• lndex .f)f .. 

analyses of natural lVattrJ 1n the 
United States •••••••• ~-~·-······ 63-86 

I 

Idaho. analyses of waters from............... 67. 
Illinois, analyses of waters from •••••••••••••• -67-69 
Indiana, analyses ofwaters from.............. 6D 
Iowa, analyses of waters from •.•••••• ~-~----- 69-70 

1 

Jefferson reservoir and addition, I <\abo# water 
supply of. ............... ---···· 128-124 

K 
Kansas, analyses of waters. from ••• ·............. 10 
Kentucky, anal)'sesofwaters from ••••••••• .: 71 

L 

Louisiana, analyses of waters ftom ••••••••••• n-12 

M 

Madison reservoir, Mont., descripuo~.or., .... ~ · 
Madison River, monthly discha,rQ oi ....... ., •• n-32 • 
Madison River basin.. Mont.,. cl~or~~ .. ~- SriJ 

field work in.~ ••••••••••••••••• .,.~--:.~.. ·1 

geography of.······--·-----······----.:-- 3-7 
geology of.,. ··········-···--~---······•- , . 7-8 
irrigation in .................... ~---········ .,111 
sons of. .................................... t4-l15 
storage of water in •••••••••••••• ., •••••••• 23-24 
summary of the report................... 2-3 
transportation in ••••••••••••••• ~---~--~~·· 1-2 
water power, developed, in .... ~.;.: ••••• 2'1-28 

undeveloped, in ••.••••••••••••.••••• 28-30 
water rights in .•••••••••.••••••••••••••• 24•25 
water supply of ••• , ••••••••••••••.•••.•••• .,. 15-~ 

Maine, analYses of water& from ••••• ~.--·~~~-: ·72 
Maryland, analyses ofwatersfrom •••• ~.----- 72 
Massachusetts, a.naJ.yses of waters from...... 73 
Medicine Lodge Creek, Idaho, course· and 

· disclwgeof. ••••••• , ........... 105-106 
Michigan, analysl:ls of waters from........... 73 
Minnesota, analyses of waters from. ••••••••• 73-74 
Mississippi, analyiles of waters from......... 74 
Missouri, analyseaof'J.Ster&from............. 74 
Montana, analyses of waters .from ••• .-....... 75 

water-power resources of ••.•••••••••••••• 26-2'7 
Mud Lake, Idaho, area and capacity of. •• 114-116 

diversions from.......................... 116 

extent of.·············-·-··············- 87-88 
losses from •••••••••••••••••••••••••••• 11'1-118 
map of .• ·············---------------~--- 108 
perched condition oL •.••••••••••••••• 108-109 
water supply of •••.•••••••••••••••••••• 118-121 

investigation of .••••••••••••••••••••• 88-90 
water table north oL ------·--- ····-·· 109-110 

133 



134 INDEX 

Page , Page 
Mud Lake basin, Idaho, artesian conditions '' J ·.· l ilbbde Island, analyses of waters from.~----- 80 

in _____ 4·---------------------- 127-128 Riffenbtirg, H. B., Chemical character of 
climate oL ___ -------------------------- 96-102 · ground waters of the northern 
evaporation and transpiration in------- 97-101 Great Plains.----•-------------- 31-52 
geology oL __ --------~------------------- 92-95 
ground-water supply oL ______________ 125-127 
location and extent of ____ : _______ ~------- 87 
losses of water in, means of reducing' __ :_~ · · · tS! 
map showfug location oL~--~----~--:~:.. 'BS 
precipitation in·----------~--------- oo;iOI'-162 
quality ottraterin. ___ ---------------- 128-129 
recovery of ground water in ___________ 130-131 

soil oL. --------------------------------- 95 
streams oL -----~------.-----.----------- 1~107 
summary _____ ---- ________ ---- _________ 131-132 

temperature in·-----~-------------- 97, 10l-10? 
topography of__--"--·--------------~---~ 00-9~ 
vegetation in.--------------------------- 95-96 
water tables of _________________________ 107-110 

winds in .• "·--·------.: .•. ------~-·---- 97,101-:l02 

N 

Nebraska, analyses of waters from___________ 75 
Nevada, analyses ofwaters.from ____________ 76'-76 

New Hampshire,• analyses ot:waters from.~·-- · '16 
New Jersey, analyses of waters from-------- 76-77 
New Mexico, analyses of waters from. _______ 77-78 

New York, analyses of waters from __ ~------- 78 
Norris, Mont., discharge of Madison River 

near----------------------------- 21 
~orth Carolltui·, analyses of waters from_____ 78 
North Dakota, analyses of waters from ______ 78-19 
~orth Lak~jfdaho, water Supply oC·--~- 122-123 

0 
Ob.io, analyses of waters from________________ 79 
Oklahoma, analyses of waters from. ____ : ____ 79-80 
Oregon, analyses of waters from.------------ 80 

p 

Payette formation, origin of.-----~·-----··-- 93 
Pennsylvania, analyses ohnters from....... 80 

R 

Rain water, composition oL---·---------·-·- 34-35 
Red Bluff, Mont., discharge· of Madison ' 

River near_ ••• .,..:.. ••••••••••••••• 19-20 

0 

s 
l;l~d HoTe Lake, {p(Jiprtance 'of ••• ~~--~~:·~~~~~·.',·' 87 
South Caroliria, ailiiYstlll.~f ;wa~~r~:4'9~.~,; .. :;!:~,t 
S911,t11 Dakota, 'anal~t~ ofwaier~lr91i1~:~:~:· ·.: ~1 
$i>riDg Lake, I<Ia~~~-,~~t~r su~~b;_o~;~--~~ . .'~.:· .~2R 
Stearns, H. T., and Bryan, L .. L., l>ielim-· . 

inary report l$n. the geology and 
waterre~o~~.o~ttw.¥,~dM~~ . ,,.· 
bas~, 1dali~:-:--;: 7 -,.-- .. -;:"'7'""'i~ 8?:-::~~ 

Tenn-t ~Y~ ot w~~:~m~.-.~··~----- 81-82· 
T,ex311, analyseS ~fwa.te111 f~~-"1~....,'""·----- 82-83 
Three Forks, Mont., dis<'harge of Madison 

River near .. ~----------------~--- 22 

·-u 

v 
Vermont, analyses·ohtaters frOm .• ~---·~----- ~ 
Viiglnia, analyseS'Ofntf!'rsfroni~~----'..::~---' iS4 

w 
Wash~on; B.l1alyses of waters fr0111.·.~•~-·-- ·8• 
Water'~; general eollections.(}f~·------- 56-58 

· public and private interest in.;. __________ 53-54 

scope of •• ·----~-~-----------~-~-J-0~~-:~ ... M-55 · sources oft'..:~:_, ___ ••• ~ ____ ·-·-_.:.-~._. _______ • 53 

W'I'!St Virginia, analyses of wate'rsfrom_______ 84· 
White. Walter N., with Deeds,· Job& J',, 

Watet P<)Wet and 'itrlgatton in · 
the Madison River basin, Mont. 1-30 

Wisconsin, analys~s of waters from__________ 84 
.WyQming, analyse~ Qf waters from .... ~......... · .Btl 

y 

Yellowstone, Mont., discharge of Gibbon 
River near __ -'--------------:.... 22 

. discbari6 of Madison 1«ver·neaJ: ..... ~ .. --~~ 11~1'8 




