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CONVERSION FACTORS 

For the convenience of those who prefer SI (Inter
national System of Uni ts) rather than the inch-pound 
system, conversion factors for terms used in this report 
are listed below. Constituent concentrations are given 
in mg/L (milligrams per liter) or µg/L (micrograms per 
liter), which are equal to parts per million or parts 
per billion, respectively. Specific conductance is ex
pressed as µmho/cm (micromhos per centimeter at 25 degrees 
Celsius). Dissolved-solids concentrations reported in 
ton/acre-ft are equal to 0.00136 mg/L. 

Multiply inch-pound unit 

inch (in.) 
foot (ft) 
mile (mi) 

acre 
square mile (mi

2
) 

gallon (gal) 
acre-foot (acre-ft) 

cubic foot per second 
(ft 3/s) 

gallon per day (gal/d) 

gallon per minute 
(gal/min) 

ton per day (ton/d) 

foot squared per day 
(ft 2 /d) 

Length 

25.40 
0.3048 
1.609 

Area 

4047 
2.590 

Volume 

3.785 
1234 

Flow 

0.02832 

4.38lxl0- 8 

6.309xlo-s 

Mass Per Unit Time 

0.9072 

Transmissivity 

0.0929 

micromho (µmho) 

Specific Conductance 

1.00 

IV 

To obtain SI unit 

millimeter 
meter 
kilometer 

square meter 
square kilometer 

liter 
cubic meter 

cubic meter per 
second 

cubic meter per 
second 

cubic meter per 
second 

megagram per day 

meter squared per 
day 

microsiemen 



Temperature 

Conversion of °C to °Fis by the equation °F={l.8){°C)+ 
32. Water temperatures are reported to the nearest 0.5 

· degree. 
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WATER RESOURCES OF ROCKLAND BASIN, 
SOUTHEASTERN IDAHO 

By 

R. P. Williams and H. W. Young 

ABSTRACT 

Rockland basin comprises about 320 square miles of the 
Snake River drainage in southeastern Idaho. Mountain ranges 
bordering the basin are composed predominantly of limestone 
and are complexly faulted. Major aquifers include Holocene 
alluvium, Quaternary-Tertiary volcanic rocks, and Tertiary 
sedimentary rocks. Ground water occurs under water-table 
conditions except where it is locally confined. Ground 
water discharges to springs in the Deep Creek Mountains and 
maintains perennial streamflow. Near the mouth of Rock 
Creek, ground-water movement is northward toward the Snake 
River. Underflow is estimated to be 51,000 acre-feet per 
year. 

Total water yield available to Rockland basin is 
estimated to be 5.0 inches (85,000 acre-feet) of the esti
mated 17.3 inches of annual precipitation. Evapotranspira
tion ranges from 9. 9 to 17 inches per year, depending, in 
part, on altitude of the land surface. 

An estimated 12,000 acre-feet of surface water and 
3,500 acre-feet of ground water are used annually for 
irrigation. Less than 100 acre-feet of water is used for 
public supply, domestic, and stock supplies. East Fork Rock 
Creek supplies the most surface water for irrigation of 
agricultural lands. 

At the present (1980) state of ground-water development 
in Rockland basin, streams and aquifers are hydraulically 
connected. Pumping of ground water in increased quantities 
from wells near streams will affect ground-water movement 
and may diminish streamflow. There are no long-term 
regional water-table declines at the present time. Con
tinued water-level monitoring of selected wells may aid in 
documenting effects of future management practices on the 
ground-water system. 
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INTRODUCTION 

Rockland basin comprises an area of about 320 mi2 in 
southeastern Idaho (fig. 1). The basin is inhabited by 
fewer than 40 0 persons. The principal town is Rockland, 
with a population of 283 (1980). The basic economy in the 
basin is agriculture, using both dryland and irrigated 
farming practices. 

Prior to about 1950, irrigators in the basin depended 
almost entirely on diversions of surface water from Rock, 
Sou th Fork Rock, and East Fork Rock Creeks. Irrigated 
acreage was limited primarily to lowlands adjacent to these 
creeks, where surface water could be diverted by gravity 
flow. The increase in the amount of irrigated acreage was 
restricted by the amount of flow in the creeks and the 
amount of ground-water discharge from a number of relatively 
small perennial springs scattered throughout the central and 
eastern parts of the basin. Also, a small amount of spring 
discharge was collected in ponds for watering of stock. 

Since the early 1950's, irrigation of agricultural 
lands from surf ace water has been supplemented by an in
creasing amount of ground water. Development of ground 
water has resulted in expanded acreage of irrigated lands. 
Landowners consequently are interested in the future avail
ability of water and the effects the increase in ground
water pumping might have on the amount of surface water and 
spring flow available for development. Historic hydrologic 
data collected on streamflow and water-level fluctuations in 
wells and the limited understanding of the interconnection 
between the surf ace-water and ground-water systems in the 
basin are not sufficient to provide answers to these ques
tions. 

Purpose 

The purpose of this 2-year study was to document and 
describe the present (1980) water-resource conditions in 
Rockland basin so that management decisions can be made to 
optimize use of the water resources in the basin. Objec
tives of the report are to: (1) Describe the geology and 
hydrology, (2) estimate a water budget and water yield, (3) 
evaluate present water-resource development, ( 4) describe 
the interrelation between ground water and surface water, 
and (5) evaluate water-quality conditions. 
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Well- and Spring-Numbering System 

The well- and spring-numbering system (fig. 2) used by 
the U.S. Geological Survey in Idaho indicates the location 
of wells or springs within the official rectangular sub
division of the public lands, with reference to the Boise 
base line and meridian. The first two segments of the 
number designate the township and range. The third segment 
gives the section number, followed by three letters and a 
numeral, which indicate the¼ section (160-acre tract), the 
¼-¼ section (40-acre tract), the¼-¼-¼ section (10-acre 
tract), and the serial number of the well within the tract, 
respectively. Quarter sections are lettered A, B, C, and D 
in counterclockwise order from the northeast quarter of each 
section. Within the quarter sections, 40-acre and 10-acre 
tracts are lettered in the same manner. Well 8S-30E-23DCC1 
is in the SW\SW\SE¼ sec. 23, T. 8 S., R. 30 E., and was the 
first well inventoried in that tract. Springs are des
ignated by the letter "S" following the last numeral; for 
example, llS-32E-18AAClS. 

Gaging-Station Numbering System 

Each gaging station and partial-record station in Idaho 
has been assigned a number in accordance with the permanent 
numbering system used by the U.S. Geological Survey. 
Numbers are assigned in a downstream direction along the 
main stream, and stations on tributaries between main-stream 
stations are numbered in the order that the tributaries 
enter the main stream. A similar order is followed on other 
ranks of tributaries. The complete 8-digit number, such as 
13077650, which is used for the station "Rock Creek near 
American Falls," includes the part number "13," indicating 
that Rock Creek is in the Snake River basin, plus a 6-digit 
station number. 
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8S-30E-23DCCI 

Figure 2.-- Well- and spring-numbering system. 
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HYDROLOGIC SETTING 
Topography and Drainage 

Rockland basin is in the northern part of the Basin and 
Range physiographic province (Fenneman, 1931). The basin is 
roughly elliptical; the long axis is oriented in an ap
proximate north-south direction. Land-surface altitudes 
range from 4,200 ft NGVD (National Geodetic Vertical 
Datum of 1929), where Rock Creek joins the Snake River, to 
8, 700 ft NGVD at Deep Creek Peak in the Deep Creek Moun
t a ins, which form the eastern border of the basin. The 
western border is formed by the Sublett Range, which rises 
to an altitude of 7,500 ft at Hartley Peak. The southern 
border is the divide (altitude 5,690 ft) between Rockland 
basin and Curlew Valley and is formed by a relatively narrow 
swale that lies between the Deep Creek Mountains and Sublett 
Range. The northern border is formed by a subtle divide 
between the drainages of Rock Creek and Little Creek. 

The central part of the basin is a valley about 30 mi 
long and 10-15 mi wide and has an average altitude of 
about 5,000 ft. On the eastern and western sides of the 
valley, broad piedmonts extend from the mountain fronts to 
the valley floor, which is essentially composed of the flood 
plains of Rock and South Fork Rock Creeks. The northern 
part of the valley is characterized by rolling foothills 
that merge with Michaud Flats, a broad, alluvial plain 3-4 
mi wide adjacent to the Snake River. 

Drainage in Rockland bas in is provided by Rock Creek, 
which flows generally in a northward direction to the Snake 
River. Although Rock Creek is intermittent in much of its 
upper reaches, it is perennial in its lower reaches, where 
it is sustained by ground-water discharge. 

With the exception of East Fork Rock and Spring Creeks, 
tributary streams to Rock Creek are intermittent and flow 
only during periods of heavy rainfall. Perennial flow in 
East Fork Rock and Spring Creeks is sustained by springs. 

Climate 

Climatic conditions vary in the basin from semiarid 
on the valley floor to subhumid in the bordering mountains 
because of the appreciable differences in topographic 
relief. Summers are generally warm and dry and winters are 
cold and wet. No weather stations are located in the basin; 
however, annual average temperatures recorded at the Nation
al Weather Service station at American Falls (altitude 4,318 
ft), about 8 mi north of the basin, range from 23.9°F 
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(-4.5°C) in January to 70.7°F (21.5°C) in July. Annual 
average precipitation at American Falls is 10. 4 in. for 63 
years of record. 

As part of this study, three precipitation-storage cans 
were installed at high-altitude locations (fig. 3) in the 
basin. Using data obtained from these stations and nearby 
National Weather Service stations and altitude-precipitation 
relations of nearby basins, an estimated precipitation
altitude relation· curve (fig. 4) was derived for Rockland 
basin. 

The straight-line slope of the curve is idealistic, 
because effects of rain shadows and any unique weather 
pat terns common to subareas o.f the bas in are not accounted 
for in the calculations. However, the curve can be used 
to draw a map of the generalized distribution of precipi
tation (fig. 3). Average annual precipitation ranges from 
11 in. near the Snake River in the northern part of the 
basin to more than 35 in. near Bannock Peak in the Deep 
Creek Mountains (fig. 3). The climatic data indicate that 
precipitation increases rapidly with altitude and is great
est . on west-facing slopes. The eastern slopes of the 
Sublett Range are in a rain shadow, whereas the western 
slopes of the Deep Creek Mountains are more directly exposed 
to moisture-laden air masses. On the basis of a mean 
altitude of 5,700 ft, mean annual precipitation for Rockland 
basin is 17.3 in. (fi_g. 4). 

Yearly variation in precipitation was compared for five 
stations by plotting the cumulative departure of yearly 
precipitation from the long-term mean for the period 1950-78 
(fig. · 5). The graph trends can be used to inf er a near
"normal" precipitation condition in the late 1970 's ( the 
time of this study). The Conda (precipitation station) data 
were included to compare long-term trends of precipitation 
differences at a distant location and at a higher altitude. 
Conda is about 65 mi east of the study area at an altitude 
of 6,200 ft. Precipitation trends seem to be compatible at 
all sites used, indicating that the regional precipitation 
pattern is similar. 

Geology 

For purposes of this study, geologic formations in 
Rockland basin are divided into (1) undifferentiated 
pre-Tertiary sedimentary rocks, (2) Tertiary sedimentary 
rocks, ( 3) Quaternary-Tertiary volcanic rocks, ( 4) Pleisto
cene gravel, (5) Pleistocene windblown (loess) deposits, and 
(6) Holocene alluvium. Areal distribution of these units is 
shown in figure 6. 
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Precipitation data for Rockland basin 
(From three U.S. Geological Survey precipitation stations) 

Precipitation, in inches 

Period of data 
collection East Fork (1) Houtz Canyon (2) South Fork (3) 

August 24, 1978-
January 18, 1979 11.1 8.8 6.4 

January 19, 1979-
November 15, 1979 19.2 19.0 13.8 

November 16, 1979-
June 4, 1980 31.4 26.9 16.3 

precipitation and agricultural land use. 
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Pre-'I'ertiary sedimentary rocks, consisting chiefly of 
marine deposits of limestone and dolomite, comprise the 
mountainous parts of the basin and are thought to underlie 
the valley fill. Rocks in this unit are intensely folded 
and f aul b~d. Structural details are largely unknown, but 
the unit is thought to be comprised of individual fault 
blocks that are separately tilted northeastward (fig. 7). 
The thick~ess of the unit may exceed 25,000 ft (Trimble and 
Carr, 1976). 

Tertiary sedimentary rocks, derived mainly from de
trital material from the surrounding mountains, constitute 
the lowermost unit of the valley fill. This ·unit consists 
primarily of gravel, sand, and silt, which locally include 
some rhyolitic material and interbedded volcanic tuff. The 
Tertiary [,edimentary rocks crop out only in the southern 
part of the basin (fig. 6), but they are the principal rocks 
underlying the upper parts of the valley fill (fig. 7). The 
thickness of the unit is unknown. 

Quat8rnary-Tertiary volcanic rocks are composed 
primarily of olivine basalt flows. These rocks crop out in 
the northern part of the basin where the flows served as 
dams that formed a series of ancient lakes, in which de
posits of gravel, sand, silt, and clay accumulated. 
Thicknesses of individual basalt flows are highly variable 
but are generally less than 100 ft. 

Plei.::.tocene gravel, derived mainly from detrital 
material from the nearby mountains, form broad piedmonts 
along the mountain fronts on both sides of the valley. 
The thickness of the gravel is highly variable but locally 
may exceed 100 ft. 

Pleistocene windblown deposits, consisting chiefly of 
calcareous silt, mantle much of the valley. These deposits 
are generally less than 100 ft thick. 

Holocene alluvium, composed chiefly of sand, silt, and 
clay, is exposed in the streambeds of the valley. These 
deposits are of variable thickness and generally are 
restricted to narrow bands along the stream courses. The 
maximum thickness of the unit is probably less than 50 
ft. 

WATER RESOURCES 
Water Yield 

The water supply of the basin is the total quantity of 
water avaj lable from all sources. The ultimate and total 
source of the supply comes from precipitation on the basin. 
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Although precipitation ranges from 11 to 35 in./yr on the 
bas in, the bas in average was calculated to be about 17. 3 
in. /yr, or a total of 295,000 acre-ft. It is assumed that 
any difference in interbasin underflow is negligible 
and that the ground-water divide bordering the basin lies 
directly beneath the surface-water divide. No water is 
exported from or imported to the basin. Quantities of the 
water available are consumed by evaporation, transpir
ation from natural vegetation and crops, and domestic and 
other water uses. After these water demands are met, any 
remaining water leaves the basin as surface flow and as 
underflow to the Snake River. 

The usable part of the basin's water supply, or the 
water yield, is defined as the volume of precipitation minus 
the volume of water lost to evaporation and transpiration by 
natural vegetation. Subtracting the water consumptively 
used by crops, principally on irrigated fields, and by other 
man-related uses, from the water yield gives the quantity 
of water leaving the basin as combined surface flow and 
underflow. 

Four methods were used to estimate water yield. They 
are: (1) a method proposed by Langbein (Nace and others 
1961); (2) a method based on the difference between monthly 
precipitation and monthly potential ET (evapotranspiration) 
summed over a seasonal basis, using a modified procedure by 
Walker, Dutcher, Decker, and Dyer ( 197 0); ( 3) a method 
using estimated soil-moisture requirement at the time of 
snowmel t subtracted from the amount of precipitation 
accumulated as snow from November to April; and ( 4) a 
method suggested by Mundorff, Crosthwaite, and Kilburn 
(1964), which uses a curve relating water yield to average 
annual precipitation. 

A comparison of water-yield estimates made using the 
four methods is shown in figure 8. It is significant that 
an average altitude of 5,700 ft for Rockland basin corre
sponds with a water yield ( on the bas is of the average of 
methods 1-3) of 5.0 in., or 85,000 acre-ft/yr, or similar to 
the amount obtained by using the relation of Mundorff, 
Crosthwaite, and Kilburn (1964, method 4). Also of interest 
is the merging of water yields of 10.4 in. near the 7,000-ft 
altitude line shown in figure 8. The pre-Tertiary sedimen
tary rocks, which are exposed at this altitude, are thought 
to supply the majority of water to the basin. 

All yield values are based on an estimated precipi
tation distribution. Because precipitation in Rockland 
basin can vary greatly at any one place during any particu-
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lar period, any estimate of precipitation should be con
sidered tentative. Records of rainfall from December 1979 
to June 1980 were not included in the precipitation analysis 
of long-term trends because recurrence frequency of such 
rainfall intensities is in excess of long-term averages. 

The estimation of 5. 0 in. of water yield used in the 
remainder of this report is considered to be a reasonable 
value for water yield. This estimate agrees with estimated 
water yields for most adjacent basins (table 1). 

Surface Water 

Collection of streamflow data in Rockland basin 
began in 1955 with establishment of the gaging station Rock 
Creek near Rockland ( 13077 500). Since 1955, various gages 
were operated intermittently to record daily flows. From 
1955 to 1960, a gaging station was operated on the East Fork 
Rock Creek near Rockland (13077600). From 1960 to 1964, the 
station was relocated about 2 mi upstream. The station was 
discontinued in 1964. 

During this study, the upper gage on East Fork Rock 
Creek (13077600) was reactivated to provide continuous flow 
record, and a continuous-recording gage was installed 
on Rock Creek near American Falls (13077650). In addition, 
discharge measurements were made monthly at 12 miscellaneous 
sites to aid in defining flow distribution within the basin. 
Peak discharge was estimated at five crest-stage sites 
during periods of high flow during 1978-80. Additional flow 
measurements were made during high runoff in January 1980. 
Locations of the measuring sites are shown in figure 9. 

Discharge measurements made prior to 1967 are sum
marized by Decker and others ( 1970). Subsequent miscel
laneous measurements made in the bas in are published 
in annual reports by the U.S. Geological Survey. 

Annual Discharge 

Total surface-water discharge from the basin is 
measured at the gaging station Rock Creek near American 
Falls (13077650, fig. 9). Annual discharge for the 1979 and 
1980 water years, which include the period of this study, 
was 19,800 and 28,900 acre-ft, respectively. The major 
contributor of flow to Rock Creek is East Fork Rock Creek 
(13077600), with a mean annual discharge of 10,500 acre-ft 
during 1961-64. Mean annual discharge was 12,900 acre-ft 
for the 1979 water year and 13,700 acre-ft for the 1980 
water year. 
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Table 1.--Estimated water yields in southeastern Idaho basins 

Drainage Evapotrans-
area Precipitation piration 

River basin (mi 2 ) (in./yr) (in./yr) 

Maladl 485 18.5 14.5 

Raft River 2 1,560 15.5 13.3 

Raft River 2 

(Valley) 716 13.7 12.3 

Little Lost 3 900 22.6 17.4 

Portneufi+ 1,160 19.6 14.1 

Big Lost 5 1,400 20.2 13.9 

Bannock 6 413 18.0 12.0 

Rockland 7 320 17.3 12.3 

lPluhowski (1970). 
2 Mundorff, Crosthwaite, and Kilburn (1964). 
3Clebsch, Waite, and Decker (1974). 
i+Norvitch and Larson (1970). 
5Crosthwaite, Thomas, and Dyer (1970). 
6Balmer and Noble (1979). 
7This study. 
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During 1979, monthly flow measurements were made at 
tributary sites shown in figure 9, and hydrographs were 
prepared to determine annual distribution of flow. Peren
nial discharge ~t some of the sites is sustained by springs; 
however, at other sites, flow is seasonal. 

Discharge records ( 1955-58) for Rock Creek near Rock
land (13077500) were correlated with those for Bannock Creek 
near Pocatello (drainage area of 230 mi 2

) to estimate 
periods of no flow, owing to upstream irrigation diversions. 
The average annual discharge (1956-60), after upstream 
diversion of about 1,050 acre-ft during the irrigation 
season, was 3,780 acre-ft at Rock Creek~ near Rockland 
(13077500). Unfortunately, the record at Bannock Creek was 
too short to make an estimate of long-term average annual 
discharge for Rock Creek. No acceptable correlation could 
be made with nearby basin streams, nor could correlation of 
precipitation records with discharges of Rock Creek be done 
satisfactorily. 

On the basis of the annual discharge from tributaries 
(1979), Rock Creek (1955-60, 1979), and East Fork Rock Creek 
(1955-64, 1979), the estimated annual average surface-water 
outflow from Rockland basin is 16,500 acre-ft. In compari
son, Mundorff, Crosthwaite, and Kilburn (1964) estimated 
that the annual surface-water discharge from Rockland basin 
averaged about 13,000 acre-ft. 

Daily Discharge 

Daily-discharge records provide detailed information 
about the flow characteristics of a stream. When daily 
records are available for many years, duration hydrographs 
and flow-duration curves can be developed. A flow-duration 
curve shows the percentage of time that a specific daily 
discharge has been equaled or exceeded for the period 
examined. The daily hydrographs of continuous-record 
stations for water year 1979 on Rock Creek (13077650) and 
East Fork Rock Creek (13077600) are shown in figure 10. 
They show a wide variability of flows in Rock Creek and 
unusually stable flows in East Fork Rock Creek. Duration 
curves for selected periods of record are shown in figure 
11. The flow-duration curve of East Fork Rock Creek shows 
that, during the period of record, 24 ft 1/s was equaled or 
exceeded about 1 percent of the time and 11 ft 3/s nearly 
100 percent of the time; whereas flow at two sites about 14 
mi apart on Rock Creek was greater than 1 ft 3 /s about 48 
and 92 percent of the time. The flat slope of the East Fork 
Rock Creek flow-duration curve indicates uniform sustained 
perennial flow conditions in the East Fork caused by springs 
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in the upper reaches of the creek. The steep slopes of the 
Rock Creek curves show a flashiness in surface flows, 
which indicates little ground-water contribution above the 
gaging-station sites. 

Peak Runoff 

The magnitude and distribution of floods in Rock
land basin are affected by climate, basin physiography, and 
geology. Warm temperatures (causing snowmelt), precipita
tion on frozen ground, and minimal ET losses during late 
winter and early spring maximize potential flooding. 
Occasionally, localized thunderstorms produce high-magnitude 
floods during the summer in some of the tributary basins. 

Peak discharges from streams measured since data 
collection began in Rockland basin are shown in table 2. 
Also shown in the table are peak discharges estimated from 
indirect measurements made in July 1979 and January 1980, 
shortly after substantial flooding occurred in the bas in. 

Generally, long-term annual peak discharges are eval
uated statistically to determine magnitude and recurrence 
intervals of floods, but peak-flow records within Rockland 
basin are too short for an accurate appraisal. Therefore, 
recurrence interval and discharge magnitude of floods were 
estimated (table 3) using regression equations recently 
developed for southern Idaho by Kjelstrom and Moffatt 
( 1981) • These equations were determined for the mean and 
standard deviation of annual maximum discharges that result 
from the combined effects of snowmelt and rainfall, condi
tions similar to those in Rockland basin. On the basis 
of comparison of flood peaks ( table 2) at South Fork Rock 
Creek ( 13077 200), Sand Hollow Creek ( 13077 490), and Rock 
Creek near American Falls (13077650) with data in table 3, 
the January 1980 peak flows occurred at a 50-year recurrence 
interval; that is, these flow magnitudes would be equaled or 
exceeded on the average of once every 50 years. 

Ground Water 
Occurrence 

Ground water occurs in most of the geologic units 
mapped in Rockland basin (fig. 6). Major aquifers in the 
basin occur in Quaternary-Tertiary volcanic rocks and in 
Tertiary sedimentary rocks. Basalt and sedimentary rocks 
interbedded in the Quaternary-Tertiary volcanic rocks are 
the principal aquifers in the northern part of the basin. 
Ground water is generally under water-table conditions and 
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Table 2.--Measured peak discharges at selected sites 

Drainage 
Site Site area Date Discharge 
No. name (mi2 ) measured (ft 3 /s) 

13077100 Trail Creek 11 9- 9-6,1 487 
1-13-80 1 40 

13077200 South Fork 96 2-11-62 1,770 
Rock Creek 2- 1-63 1,470 

1-13-80 1 1,190 

13077340 Hartley Canyon 11 1-13-80 1 40 
Creek 

13077400 South Fork 156 2- 1-63 5,100 
Rock Creek 12-23-64 3,750 

13077490 Sand Hollow 12.3 1-13-80 1 440 
Creek 

13077540 Warm Springs 22 7-21-79 1 390 

13077550 Rock Creek 216 2-11-62 2,120 

13077600 East Fork 13.7 9-18-61 23 
Rock Creek 3-27-62 26 

2- 1-63 39 
6-12-64 43 

13077630 Spring Creek 6.8 8-18-61 152 
tributary 

13077640 Rocky Hollow 2.3 5-30-63 498 
tributary 

13077650 Rock Creek 320 2-11-62 3,300 
12-23-64 7,950 

7-21-79 1,480 l 1-13-80 3,990 

1 Estimated from indirect measurements. 
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Table 3.--Estimated peak discharges (Q) at selected stream sites 1 

[Discharge in cubic feet per second. Q5 designates a 

Site No. 
(location 
shown in 
fig. 9) 

13077088 

13077090 

13077100 

13077200 

13077300 

13077340 

13077370 

13077390 

13077470 

13077480 

13077490 

13077540 

13077595 

13077600 

13077620 

13077632 

13077 646 

13077650 

1 Based on 

recurrence interval of 5 years] 

Recurrence interval 

3.0 9.2 45 92 136 209 278 361 

12 32 124 229 320 461 588 734 

5.4 15 62 118 168 247 318 402 

11 35 186 393 593 929 1,250 1,640 

.4 1.3 7.8 17 27 43 59 79 

7.8 21 89 170 242 356 459 580 

2.9 8.5 38 75 108 162 212 272 

19 64 362 791 1,210 1,930 2,630 3,500 

.9 2.9 14 28 42 64 84 109 

.2 .8 7.6 21 37 68 101 146 

8.9 23 90 167 233 336 428 539 

22 52 180 312 423 590 736 900 

4.9 12 46 83 115 164 208 256 

11 27 89 153 206 285 354 431 

7.2 19 79 148 209 305 391 492 

2.8 8.7 44 90 134 208 277 360 

41 127 619 1,270 1,870 2,870 3,810 4,940 

43 132 637 1,300 1,910 2,910 3 ,_860 5,000 

regression equations developed by Kjelstrom and Moffatt (1981). 
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occurs mainly in fractures, joints, and breccia zones within 
individual lava flows and in sand and gravel lenses that are 
interbedded within the flows. Sand and gravel sequences in 
the Tertiary sedimentary rocks are the principal aquifers in 
the central and southern parts of the basin. Ground water 
in the Tertiary sedimentary rocks generally is also under 
water-table conditions; however, artesian conditions may 
exist locally. 

Holocene alluvium along the major streambeds on the 
valley floor is locally an important aquifer. Ground water 
here is under water-table conditions and occurs mainly in 
sand lenses. 

Pleistocene gravel and windblown deposits are thin and 
are generally above the water table (fig. 7). Small quanti
ties of water are available where the deposits are below the 
water table. Of hydro logic significance is the occurrence 
of springs that issue from the contact between the gravel 
and the underlying Tertiary sedimentary rocks. The presence 
of these springs at the geologic contact indicates that 
precipitation readily percolates through the gravel but is 
retarded by the underlying rocks. 

The hydro logic significance of the pre-Tertiary sedi
mentary rocks as aquifers in Rockland basin is largely 
unknown. However, owing to their faulted and highly jointed 
condition and the absence of well-defined stream channels on 
their surface, the rocks may readily absorb and transmit 
water to the ground-water system. 

Source and Movement 

The source of recharge to aquifers in Rockland basin is 
precipitation. Part of the precipitation runs off overland, 
part is consumed by ET, and the remainder percolates down
ward and recharges the ground-water system. The greatest 
part of the recharge originates in the mountains that border 
the basin (fig. 3). Recharge also occurs as percolation 
losses from stream channels, irrigation canals, irri
gated fields, and from precipitation on the valley floor. 

Recharge to the aquifers also may occur as interbasin 
flow from the eastern side of the Deep Creek Mountains 
(Balmer and Noble, 1979). Recharge also may occur as upward 
leakage from deep thermal aquifers below the Sublett Range, 
located about 5 mi west of the study area (Nichols, 1979). 
Present data are insufficient, however, to quantify the 
amount of recharge from these two possible sources. 
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From a preceding section on water yield, it is es
timated that an annual average of 10.4 in. of net precipita
tion recharges the mountain areas at altitudes of 7,000 ft, 
whereas less than O. 2-0. 5 in. recharges the ground-water 
system through the valley floor at altitudes below 4,500 
ft. . 

The movement of water to the Tertiary sedimentary rocks 
underlying the valley floor is influenced by the geologic 
characteristics and hydrolog ic parameters of the pre
Tertiary sedimentary rocks at the higher altitudes. Frac
tured and weathered limestone, talus, and rock fragments on 
steep slopes bordering the bas in receive· rainf al 1 and 
snowmelt and discharge it through springs near the base of 
the mountains and by underflow to the Tertiary sedimentary 
rocks in the valley. Snowmel t seldom directly reaches the 
network of stream channels that have formed at low alti
tudes, as evidenced by poorly developed stream channels at 
the higher altitudes. 

Ground water moves from areas of recharge, down the 
hydraulic gradient, to areas of discharge. The rate of 
movement depends on the hydraulic conductivity of the 
material through which water moves and the slope of the 
hydraulic gradient. 

Water from the pre-Tertiary sedimentary rocks, which 
border the basin and are thought to underlie the Tertiary 
sedimentary rocks, discharges naturally through springs and 
seeps and as leakage, both laterally and vertically upward, 
into the Tertiary sedimentary rocks. Typical, and most 
notable of these springs (fig. 12), are those in the NW¼ 
sec. 18, T. 10 S., R. 32 E., which contribute a large part 
of the perennial flow to East Fork Rock Creek. water 
from the Tertiary sedimentary rocks discharges naturally 
into the stream system through springs and seeps on the 
valley floor, as direct evaporation where the water table is 
at or near land surface, as transpiration, and as underflow 
northward. 

Additional discharge occurs through springs near the 
base of the Pleistocene gravel where the gravel contacts 
underlying Tertiary sedimentary rocks. Most of this water 
is derived from direct precipitation, which percolates 
through the gravel more rapidly than it can infiltrate the 
underlying rocks. Some of the springs are intermittent; 
some are perennial. Where they are perennial, local perched 
water-table aquifers have sufficient· areal extent to main
tain perennial spring flow. Some of these springs discharge 
to small streams that flow a distance of only several feet 
before they disappear into the ground. Most springs occur 

27 



T. 
9 
S. 

T. 

EXPLANATION 

-4300-- Water-table contour, spring 
1979. Dashed where approxi
mately located. Contour inter
va I is variable. Datum is Na, 
tional Geodetic Vertical Datum 
of 1929. 

0 Well 

• Well and number for which 
hydrograph is shown (figs. 13 
and 14). 

Approximate location of 
ground-water divide. 

B-B Section used to calculate 
underflow. 

Study area boundary 

(f) 

\-t-rr'-t~-+--+-;t--1\---fl:~¾=c~L- ,FI-L--1'---/-'s--J--r-'-T--t----t-l 2 

113° 

Bose from U.S. Bureau of 
Land Management, 1:125,000 
(1968). 42° 151 

- ,, 

O I 2 3 4 Miles 
I I I I 11 I 11 ,' 

O I 2 3 4 5 6 Kilometers 

Figure 12. --Water-table contours and well locations. 

28 

I 
I. 



on the eastern side of Rockland basin, from T. 9 s., R. 31 
E., through T. 11 S., R. 31 E. In comparison, few springs 
occur on the western side of the basin and their discharge 
rates generally are less than 5 gal/min. 

In the spring of 1979, prior to the start of the 
irrigation season, water-level measurements were made in 122 
wells ( table 4). These measurements were used to draw the 
water-table contour map in figure 12. In general, ground 
water moves perpendicular to and downgradient from the 
contours. Ground water generally follows the surf ace 
drainage toward major stream channels, then moves generally 
northward in the direction of flow in Rock Creek. 

The average water-table gradient for the valley is 
about 25 ft/mi, and slope is toward the mouth of Rock Creek. 
About 8-10 mi above the mouth of Rock Creek, the gradient 
flattens. The gradient again steepens downstream toward the 
mouth of Rock Creek and averages 43 ft/mi (near section 
B-B', fig. 12). 

Water-Level Fluctuations 

Ground-water levels in wells respond to changes in 
recharge to and discharge from the ground-water reservoir. 
If recharge to an aquifer exceeds discharge, water levels, 
with time, will rise. Conversely, if discharge exceeds 
recharge, water levels eventually will decline. Generally, 
water levels rise in late winter and early spring, when 
recharge from snowmel t and early spring rains is greatest, 
and decline in summer, when discharge owing to pumpage and 
ET is greatest. The periodicity of the fluctuations varies 
throughout the basin, depending on distance of the aquifer 
to recharge and discharge areas. For example, in areas 
where ground water is pumped for irrigation, annual low 
water levels usually occur in late summer, near the end of 
the irrigation season. Where surface-water irrigation is 
predominant, annual high water levels occur in late summer, 
owing to recharge from irrigation percolation and canal 
leakage. Where surf ace-water and ground-water irrigated 
areas overlap, mixed combinations of fluctuations may 
occur. 

As part of this study, 12 wells were selected to 
monitor water-level fluctuations. Two wells were equipped 
with continuous recorders; their hydrographs are shown 
in figure 13. Ten wells were measured periodically; their 
hydrographs are shown in figure 14. Locations of the wells 
are shown in figure 12. Well l0S-31E-6CDB1 (fig. 13) is 
14.2 ft deep and is completed in the Holocene alluvial 
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Table 4. Records of weps 

Altitude: From U.S. Geological Survey topographic maps and Water level: Measured, in feet below land surface. field surveys; datum is National Geodetic Vertical 
Datum of 1929. use of water: H - Domestic, I - Irrigation, Well Depth: Reported, in feet below land surface. 0 - Observation, 

P - Public supply, S - Stock, U - Unused. 

casin9 Depth: Bottom of casing to nearest foot below land ~· DL - Driller's log, WQ - Water-quality analysis. surface, or to first perforation where well 
finish (next column) is shown as P. Notation: -- = No data available. 

Well f inisb.: 0 - Open end, P 
X - Open hc,le. 

- Perforated, T - Sand point, 

Casing 

water level 
Altitude 
of land Use 
surface Well depth Diameter Depth Well Depth Date of 

Well No. (ft) (ft) (in,) (ft) finish (ft) measured water Remarks 

8S-30E-l2CCD1 4,370 138. 00 4-30-79 I 
13BDB1 4,405 190 164.90 4-12-79 H 
14BDDl 4,345 400 12 100.40 4- 3-79 I DL 
14CDC1 4,405 475 18 160.26 4- 3-79 I DL 
14DBB1 4,370 181 10 I 

14DDDl 4,420 130.85 4-12-79 H 
22AAD1 4,352 248 16 120 X 131.00 4-30-79 I DL 
22DAD1 4,405 251 6 156.10 4- 4-79 H 
23DBB1 4,435 360 16 50 X 195.85 4- 4-79 I DL 
23DCC1 4,505 274 5 207.80 4-18-79 u 

24AAC1 4,533 615 18 285 X 193.10 4-12-79 I DL l 24ABA1 4,479 162.43 8- 3-78 H 
24BBA1 4,475 6 239,96 8- 3-78 H 
26BBB1 4,445 230 6 174 X 172. 55 4-12-79 H DL 
27DAA1 4,500 580 222.45 4-30-79 I WQ 

35BDD1 4,544 365 8 205.60 4- 3-79 u 
8S-31E- 6CDC1 4,440 297 18 139.08 4- 6-79 I 

8CCB1 4,547 8 5.60 4-12-79 H 
8CDA1 4,580 810 18 401 X 249.05 4- 6-79 I DL 
9DADl 4,800 4 223.70 4- 6-79 u 

17ABC1 4,705 387 18 372 X 119.30 4- 6-79 I DL I 17BDB1 4,650 400 115.15 4- 6-79 I 
18DAB1 4,510 17.70 8- 2-79 u 
18DDB1 4,540 18 3.35 4-12-79 u 
20BBC1 4,590 6 23.92 4-11-79 H 

30ADD1 243.25 4-12-79 H 
( 

4,805 I 32BAC1 4,955 190 18 168 X 156.60 4- 9-79 I DL WQ 
32CAB1 4,910 96.95 4- 9-79 I l. 

9S-30E- 2CBC2 4,665 500 6 368.15 4- 3-79 H 
3ADB1 4,670 500 H WQ 

3BBB2 4,563 4 315.06 4- 3-79 u 
5BBC1 4,323 173 6 100 X 129.28 4- 3-79 H 

12AAAl 4,792 162 6 147.42 4-17-79 u 
l4CCA1 4,502 H WQ 
14DCC1 4,572 160 6 95.30 4- 3-79 u 

15DDD1 4,495 700 16 12.15 4-16-79 u [ 
25BDC1 4,580 75.30 4- 4-79 u 
35AAD1 4,584 29 6 25.95 4- 4-79 u L 
35BBD1 4,678 144 6 60 X 127.99 4- 4-79 s 
35CDD1 4,689 147 103.75 4- 4-79 u 

36ABB1 4,655 19 1.25 16,8 T 12.33 4-16-79 0 

9S-31E-l9ADA1 4,910 247.14 4-12-79 H 

21BDC1 4,980 500 8 38.90 4- 9-79 H 

31CAC1 4,842 408 14 30.5 X 51.60 4-12-79 I DL WQ 
32CCD1 4,842 10 153.45 11-29-78 H 

33CDA1 4,914 80,40 4- 9-79 I 

l0S-30E- 1CDD1 4,690 16 75.19 4- 4-79 u 
lDACl 4,665 73,64 4-12-79 u 
2CDC1 4,760 107 68,33 4- 4-79 u 
9AAA1 5,091 5.5 291,36 4- 4-79 u 

12ACB1 4,715 1,100 22 21 X 92.89 4- 4-79 I DL WQ 
16ADA1 5,010 163,20 4- 4-79 H 
23AAD1 4,850 214 8 12 X 75.95 4-11-79 H 

24BAA1 4,860 6 126.70 4-11-79 H 

24CDD1 4,960 16 I 
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Table 4 ·-- Records of wells (Continued) 

Casing 

Nater level 
Altitude 
of land Use 
surface Well depth Diameter Depth Well Depth Date of 

Well No. (ft) (ft) (in.) (ft) finish (ft) measured water Remarks 

l0S-30E-25BAA1 4,960 615 20 200 p 235,52 4-11-79 I DL 
25BAA2 4,967 650 16 250 p 251. 70 6-13-79 I DL 
26BBC1 5,054 173.98 4-11-79 u 
27DAD1 5,130 240 228.16 4-11-79 u 
28AAB1 5,070 5 190,58 4-11-79 s 

28DAA1 5,177 286.50 4-11-79 u 
31CCA1 5,480 6 277. 68 8-31-78 u 

10S-31E- 4CAD1 4,800 6 31. 45 4-12-79 H 
5DAD1 4,750 17 1. 25 14. 3 T 7.93 4-17-79 0 
6CAB1 4,682 405 16 373 X 59.25 4-12-79 I DL 

6CDB1 4,644 14 1.25 11.7 T 5,30 4-18-79 0 
7ABB1 4,690 401 12 110 p 1 70.65 10-19-78 p DL WQ 
8AAA1 4,770 127 6 79 X 52.85 4- 9-79 s DL 
8CCB1 4,720 62.10 5- 1-79 I 

14ACC1 5,220 97.50 4- 9-79 s 

17BCD1 4,710 30.88 4-12-79 I 
18ADD1 4,695 8 10.61 4-12-79 H WQ 
19BCC1 4,842 815 16 200 p 146,36 4-17-79 u DL 
25AAB1 5,187 100 18.61 4-17-79 s 
27DDA1 4,965 6 92.76 4-10-79 H 

28BDC1 4,810 23.90 4-11-79 H 
/28DAB1 4,921 114. 20 4-11-79 I 

29BBA1 4,730 17 1.25 15.4 T 12.88 4-17-79 0 
33CDA1 4,802 335 16 34 p 21. 28 4-11-79 I DL WQ 
34BBB1 4,901 4 75.85 4-10-79 u 

l0S-32E-3lCBA1 5,290 6 105,43 4-10-79 s 
11S-30E- lAACl 5,260 4 89.33 4-11-79 u 

25ACB1 5,370 123.90 4-10-79 u 
25BBC1 5,480 317 6 277. 55 4-10-79 u 
26ABA1 5,586 4 347.50 4-10-79 u 

11S-31E- lCBCl 5,200 600 16 70 p 81.70 5-25-79 I DL WQ 
2ADA1 5,220 6 86.55 4-10-79 s 
2DAD1 5,210 104 4 86.10 4-10-79 u 
4CAA1 4,816 38,16 9- 1-78 H 
8ADD1 4,860 33 8 21. 63 4-12-79 u 

9BDD1 4,865 22.50 4-12-79 I 
9CAA1 4,865 26.62 9- 1-78 H 

llCBAl 5,030 35.20 4- 5-79 H 
15ABB1 5,002 604 16 65 p 61.04 4- 5-79 I 
15CDB1 4,970 36 6 23.38 4- 5-79 u 

l6ADA1 4,880 125 20 20 p 7.52 4- 5-79 I DL WQ 
16ADA2 4,880 6 26,05 9- 2-78 H 
l6ADD1 4,880 60 10,23 4- 5-79 H WQ 
17DDD1 4,975 124 86.69 4- 5-79 u 
21ADCl 4,922 530 12 p 16.42 4- 5-79 I 

2lADDl 4,900 18 1. 25 16 T 9.49 4-18-79 0 
23BBA1 5,083 9.73 5- l-79 I 
23BBA2 5,081 240 16 170 X 9.83 5- 1-79 I DL 
24CBC1 5,235 106 4 89 X 79.20 4- 5-79 u 
27CAB1 4,966 220 12 30.48 4-18-79 u 

30BCAl 5,290 l,120 16 243,89 4- 5-79 I 
30BCCl 5,322 273 6 273 0 143.13 4- 5-79 H DL WQ 

12S-31E- 4DDA1 5,065 5 70,65 4- 2-79 H WQ 
5BDA1 5,100 72 65,30 4- 5-79 u 
8ADD1 5,245 281 5 250,00 4- 2-79 u 

llADAl 5,247 280 6 84,25 4- 5-79 u 
13ADD1 5,696 400 6 166 X s DL, WQ 
21CCD1 5,205 6 110,43 4- 2-79 H 
22ADC1 5,223 240 6 40 X 207,84 4- 2-79 H 
22BBB1 5,073 6 75,55 4- 2-79 H 

22BCC1 5,104 106 94.67 4-18-79 u 
22CAB1 5,120 125 6 121.80 4- 2-79 u 
29DCA1 5,300 188 5 168,10 4- 2-79 u 
34CCB1 5,220 116 48 97,85 4- 2-79 u 

13S-31E- 5ACB1 5,315 80 5 37.53 4-10-79 u 

9BCD1 5,435 4 104,43 4-18-79 u 
21AAA1 5,529 46.57 4-10-79 u 

1Recently:purnped 
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aquifer adjacent to East Fork Rock Creek in a predominantly 
surface-water irrigated area. Al though the magnitude of 
fluctuations is not great, the trend shows that water levels 
rise gradually from August through January and decline 
gradually from March to July. Well l1S-31E-21ADD1 (fig. 13) 
is 18. 4 ft deep and is completed in the Holocene alluvial 
aquifer adjacent to Rock Creek. This well is near a well 
that withdraws water for irrigation, and the water level 
in the observation well responds to pumping in the irriga
tion well. Here the water levels decline gradually through 
the early part of the irrigation season and remain low 
through the end of the season, when they begin a gradual 
rise. The declining effects owing to pumpage may be 
dampened, however, for the water withdrawn from the nearby 
well is spread for irrigation in the vicinity; hence, part 
of it may return to the water table as seepage from fields. 

The hydrographs of both wells in figure 13 and of 
several wells in figure 14 show abrupt water-level rises in 
January 1980. These rises were caused by a mid-winter 
storm, during which substantial flooding occurred throughout 
the basin. Stream flood plains were inundated, and part of 
the water that did not run off in the streams percolated to 
the water table to recharge the Holocene alluvial and 
Tertiary sedimentary-rock aquifers. 

Hydrographs for the wells measured from 1978 to 1980 
during this study are shown in figure 14. The hydrographs 
demonstrate the wide variatton in water-level fluctuations 
in different parts of the basin and show that the annual 
range from high to low water levels is generally less 
than 4 ft. The duration of the records is too short 
and supporting data are too meager to determine, with any 
degree of certainty, the causes for the particular fluctua
tions at any one place; but wells l0S-31E-l9BCC1, l0S-31E-
25AAB1, and l2S-31E-l1ADA1 show little water-level fluctua
tions. Well l0S-31E-l9BCC1 is 815 ft deep and is completed 
mostly in clay~ Clay transmits water slowly and will lag in 
response to any recharge or discharge stress placed on 
the ground-water system. This lag is magnified in a large
diameter casing ( or open hole) to where any due response 
would be made almost imperceptible, which is probably the 
case for this well. Wells l0S-31E-25AAB1 and l2S-31E-l1ADA1 
lack seasonally responsive fluctuations, but they do show 
perceptible trends. 

The small annual range of water-level fluctuations 
shown on the hydrographs in figures 13 and 14 suggests that 
no great stress by pumping is presently being put on 
the ground-water resources in the bas in. The well hydro
graphs indicate no permanent lowering of water levels for 
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this short period of record. 
measured periodically to 
effects on the basin. 

However, these wells should be 
monitor long-term hydrologic 

Aquifer Characteristics 

Transmissi vi ty ( T) is the rate at which water moves 
through a unit width of an aquifer under a unit hydraulic 
gradient. The T of an aquifer can be determined by multi
plying the thickness of the aquifer by its average hydraulic 
conductivity and(or) by using a number of other methods, 
most of which are described in Lohman (1979): Generally, T 
is determined from aquifer pump-test data: however, only 
meager pump-test data are available for aquifers in the 
valley. Drillers' logs frequently include well production 
tests, which report pumping rate and level of drawdown. The 
time period of these tests often is too short to allow 
determination of T values, but the SC (specific capacity) 
for the well can be determined. The SC of a well · is the 
yield in gallons per minute per foot of drawdown. Using SC 
values, T's were estimated for many of the wells by using 
the empirically derived graphs shown in Walton (1962). 
Values of T's calculated from SC data from irrigation wells 
completed in Tertiary sedimentary rocks ranged from less 
than 150 to 10,500 ft 3/d. Values of T calculated using 
SC data from wells completed in Quaternary-Tertiary volcanic 
rocks (basalt) to the north, outside Rockland basin, ranged 
from 3,900 to 48,000 ft 2 /d. 

Assuming an average SC of 75 gal/min per foot of 
drawdown, as estimated from averaged pumping rates and 
drawdowns in the northern area (wells completed in volcanic 
rocks of Quaternary-Tertiary age), a T value of 20,000 
ft 2 /d is assumed to be representative of the basalt rocks in 
the northern part of Rockland basin (T. 8 S., R. 30-31 
E • ) • 

The pre-Tertiary sedimentary rocks are not regarded 
as having good potential for ground-water development, 
although southwest of Rockland, two wells completed in 
fractured 1 imestone are reported to yield 2,200 and 2,500 
gal/min. However, these wells produce thermal water and are 
thought to have penetrated a fault zone, so they probably do 
not represent the development potential of the pre-Tertiary 
sedimenta,ry rocks. 

Another hydraulic characteristic used to describe the 
ground-water system is S (storage coefficient), which is the 
volume of water an aquifer releases from or takes into 
storage per unit surface area of the aquifer per unit change 
in head. The S of unconfined aquifers is virtually equal 
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to the specific yield, as most of the water is released from 
storage by gravity drainage and expansion of the water. 
The s, or specific yield, of most unconfined aquifers ranges 
from about 0.1 to 0.3 and averages about 0.2 (Lohman, 1979, 
p. 8) • 

Determination of hydraulic characteristics of the 
Quaternary and Tertiary sedimentary deposits, considered as 
one hydrologic unit in this report, was limited to analysis 
of data from two wells (l0S-31E-6CDB1 and l1S-31E-21ADD1). 
Various periodic segments of record were observed for 
drawdown caused by nearby pumping wells. Using type curves 
from Boulton (1964, pl. 7, curve A), for an unconfined 
aquifer having anisotropic conditions, a T of about 6,000 
ft 2 /d and ans of 0.15 were computed for the alluvial 
aquifer. 

Additional aquifer analysis (method by Rorabaugh, 1964) 
was applied to observation well l1S-31E-21ADD1 by comparing 
water-level fluctuations (fig. 15) to stream recharge and 
discharge. The stream is 170 ft from the well. Aquifer 
discharge from both sides of the stream was estimated from 
the change in stage. The T value computed using Rorabaugh's 
method was 5,630 ft 2/d, and the S was 0.14. 

On the basis of the above determinations, a value of 
about 5,700 ft 2/d probably represents the local average T 
of the Quaternary-Tertiary sedimentary aquifer. 

Analysis of water-level drawdown and recovery using 
the above methods allows evaluation of the short- and 
long-term discharge-recharge effects on the basis of aquifer 
response. Variables such as distance from the pumping well, 
type of aquifer, geologic composition, aquifer thickness and 
width, and boundary effects determine the type of curve to 
be used. In each case, the applied method reflected the 
effects of the stream as a recharging boundary. 

Underflow 

Underflow from Rockland basin occurs through basalt and 
localized clay and sand layers near the mouth of Rock Creek. 
The amount of underflow, Q, to the Snake River was estimated 
by using the equation: 

where 

Q=TIL 

T = transmissivity, in feet squared per day, 
I= hydraulic gradient, in feet per mile, and 
L = width, in miles, of the cross section through 

which underflow occurs. 
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Using the previously computed T of 20,000 ft 2 /d, 
a hydraulic gradient of 43 ft/mi ( determined from the 
water-level contour map), and a cross-section width of 7.0 
mi (fig. 12), underflow from Rockland basin is computed to 
be 51,000 acre-ft/yr. This estimate agrees closely with the 
estimate of 50,000 acre-ft/yr made by Mundorff, Crosthwaite, 
and Kilburn (1964). 

WATER USE 

The principal use of water in the basiry is ;for irri
gation, followed by municipal, stock, and domestic supplies. 
Irrigation accounts for about 99 percent of the total water 
use. Of nearly 107,000 acres of arable land in the bas in, 
about 12,000 acres was irrigated in 1979 (see fig. 3) and 
about 15,500 acre-ft, or about 1.3 acre-ft/acre, of ground 
and surface water was used. About one-fourth of the irriga
tion water was supplied by ground water from wells; the 
remainder was from surface-water sources and from springs. 

The actual quantity of water used for irrigation 
varies from year to year depending on the availability of 
supply. For example, in dry years when streamflow is low, 
either more ground water is pumped to augment the short 
supply or less land is irrigated. About 3,600 acres was 
left unseeded after being plowed for the 1979 growing 
season. 

Irrigated land in Power County (which includes about 85 
percent of Rockland basin) produces 3-4 times the amount of 
wheat than dryfarmed land produces (U.S. Department of 
Agriculture, 1966). Development and growth of agricul
tural land, specifically irrigated land, are shown in figure 
16. Conversion of nonirrigated land to irrigated land 
in Power County has tripled since the 1950's. Because 
91,000 acres of nonirrigated farmland is situated in 
Rockland basin, an increase in demand for water supplies can 
be expected. 

Consumptive Water Use 
and Net Irrigation Requirements 

Any increase in consumptive water use for ET by crops 
will reduce the amount of water normally available for 
streamflow and ground-water discharge. 

Various crops have different consumptive water-use 
requirements, depending on factors that affect ET and plant 
maturity during the growing season. Average consumptive 
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water-use requirements for. winter and spring wheat in the 
Pocatello area are 20.1 and 17.4 in., respectively (Sutter 
and Corey, 1970). The Blaney-Criddle formula (U.S. Soil 
Conservation Service, 1967), which was used to compute the 
above figures, also was applied to Rockland basin by adjust
ing temperature, precipitation, and daylight hours in 
American Falls to conditions in the basin. The growth stage 
of spring wheat on the basis of plant maturity (U.S. Soil 
Conservation Service, 1967, p. 76) coincided with pumpage 
demand (from power-consumption records). Using the Blaney
Criddle formula, as applied to Rockland data, the estimated 
average annual water consumption for winter anq spring wheat 
is 20 in., with more spring wheat than winter wheat being 
irrigated in Rockland basin. 

Average rainfall in the Pocatello area during the 
irrigation season is 2.8 and 3.6 in. for winter and spring, 
respectively. Thus, the net annual irrigation requirements 
(or consumptive use minus the rainfall for the irrigation 
period) for winter and spring wheat in the Pocatello area 
are 17.3 in. (20.1 in. minus 2.8 in.) and 13.8 in. (17.4 in. 
minus 3.6 in.), respectively. Estimated rainfall for 
Rockland basin during the irrigation season is 3.5 in., and 
the net annual irrigation requirement is 16. 5 in. ( 20. O in. 
minus 3. 5 _in. ) , or 1. 3 acre-ft/ acre for both wheat crops. 

The rate of surface-water application for Power County 
is estimated to be 2.1 acre-ft/acre (U.S. Department of 
Agriculture, 1966). This figure is considerably higher than 
the net annual irrigation requirement of 1. 3 acre-ft. 
However, it is estimated from hydrograph comparison of two 
sites on the East Fork Rock Creek, during 1955-64, that 
about one-fourth of the upstream diverted water (adjusted 
for seepage losses) returns directly to the lower reaches of 
the East Fork late in the growing season. 

Assuming that one-fourth of the applied water is not 
consumptively used, and that 3.5 in. of normal rainfall 
during the growing season is available, then the estimated 
irrigation requirement from ground-water and surface-water 
sources would remain about 1.3 acre-ft/acre (75 percent 
of 2.1 acre-ft/acre minus 0.29 acre-ft/acre of rainfall 
equals 1.3 acre-ft/acre). 

Surface-Water Use 

Principal sources of surface water available for 
irrigation of about 9,000 acres are East Fork Rock Creek, 
Rock Creek, and several small springs. Additional irriga
tion water not supplied by diversions is pumped directly 
from the stream and applied to adjacent land tracts. 
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Monthly streamf low measurements from Rock Creek and 
East Fork Rock Creek for periods of record 1955-79 were used 
to estimate the mean streamflow available for irrigation 
during the growing season. Surface-water discharge for May 
to October 1979 was estimated to be 13,000 acre-ft, which 
included additional runoff inflow above site 13077650. 
Adjusting the 1979 discharge figure by subtracting the 
excess runoff from summer storms, or nond i vert ible flows, 
the amount available in 1979 for irrigation was reduced to 
11, 700 acre-ft. The 1979 water year had sufficient surf ace 
flow to meet irrigation requirements of 9,000 acres x 1. 3 
acre-ft/acre, or about 12,000 acre-ft. However, during 
seasons of less runoff, additional irrigation requirements 
would have to be supplied by ground-water pumping. For 
example, surface-water discharge available for 1955-60 
during May to October when diversion began and ended showed 
that the flow was about 8,900 acre-ft. The difference 
between 12,000 acre-ft and the flow of 8,900 acre-ft (3,100 
acre-ft) must be supplied from ground-water sources, or the 
total irrigated acreage must be reduced. 

Ground-Water Use 

In 1979, about 17 wells were pumped to irrigate crop
lands in the study area. No records were kept by the 
irrigators of the amount of water pumped. Therefore, 
power-consumption records were obtained from the Idaho Power 
Company, from which total pumpage was calculated. Ten 
of the pumped wells were powered by electricity and seven 
by diesel engines. 

Measurements of flow discharge were made at the irriga
tion wells during the pumping season. Knowing the rate of 
discharge, total kilowatt hours consumed, and demand of each 
motor (kilowatts), total withdrawals were computed by means 
of the following formula: 

where 
Qt 

Qt KwH 
= Qr XI) 

= total withdrawals, in acre-feet, 
Qr 
KwH = 
D 

= discharge rate, in acre-feet per hour, 
total power consumed, in kilowatt hours, and 

= demand of motor, in kilowatts. 

For wells powered by diesel engines, pumpage with
drawals were determined by multiplying the average number of 
pumping hours for the irrigation season of all wells powered 
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by electric motors by the discharge rate of each well. 
Computed withdrawals then were composited by areas within 
Rockland basin. 

Rates of ground-water application, mainly by sprink
lers, ranged from O. 72 acre-ft/acre in the southern part 
of the basin to 2. 46 acre-ft/acre in the extreme northern 
part (T. 8 S., R. 30 E., 31 E.). The average rate of 
application for Rockland basin is 1.32 acre-ft/acre, similar 
to the net irrigation requirement of 1.3 acre-ft/acre 
previously estimated for wheat crops. Thus, estimated 
ground-water withdrawal to irrigate 2,700 acres in Rockland 
basin is 3,500 acre-ft/yr. 

Municipal, Domestic, and Stock Water Use 

Municipal and rural domestic use can be estimated by 
assuming an average rate of withdrawal per household. 
The town of Rockland uses about 35 acre-ft/yr (98 families 
at about 320 gal/d per family). Use of water for rural 
domestic purposes is estimated to be 20 acre-ft/yr, on the 
basis of a per-capita use rate of 150 gal/d. Use of water 
by livestock is unknown but is small compared to irrigation 
volumes. Stock water is obtained mostly from springs or 
diverted surface water. The small amount consumed can be 
estimated. For example, the estimated 8,000 head of range 
cattle in Rockland basin would consume 6.3 gal/d per head, 
or about 56 acre-ft/yr. 

Water Budget 

The total quantity of water available for use in the 
320-mi 2 basin was defined previously as water yield, or 
water remaining after evaporation and transpiration of 
natural vegetation. Numerically, these long-term values 
are: 

Total precipitation 
Natural ET 

Yield 

= 17.3 in./yr, 
= 12.3 in./yr, 

or 
or 

295,000 acre-ft/yr 
210,000 acre-ft/yr 

= 5.0 in./yr, or 85,000 acre-ft/yr 

Part of the available water yield is consumed by irrigation, 
domestic, and 1 i vestock use. Any water not consumptively 
used leaves the basin as surface flow and underflow. 

Individual elements of the water budget for 1979 
are: 
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Ground water used for irrigation 
Surface water used for irrigation 
Municipal, domestic, and stock uses 
Surface-water outflow 
Underflow 
Total 

= 
= 
= 
= 
= 
= 

3,500 acre-ft/yr 
12,000 acre-ft/yr 

100 acre-ft/yr 
19,800 acre-ft/yr 
5ll000 acre-ft/yr 
86,400 acre-ft/yr 

In comparing the 1979 water budget to the long-term 
yield of Rockland basin, water available in 1979 was 2 
percent above normal. However, on the basis of the follow
ing assumptions, 1979 easily could be 2 percent less than 
normal: (1) Consumptive use of water for irrigation, 
municipal, domestic, and stock supplies during 1979 is 
typical of normal water use (15,600 acre-ft/yr) : ( 2) long
term surf ace-water outflow averages 16,500 acre-ft/yr; ( 3) 
underflow of 51,000 acre-ft/yr is representative of long
term conditions: and (4) no significant change in water 
levels, hence storage, occurred in 1979. 

Despite the relatively small error between budget 
elements for 1979 and the long-term yield, probable error in 
excess of 5 percent exists in any of the values. However, 
because of expected annual fluctuations in any of the 
elements used to determine yield, the estimate of 5. 0 
in./yr probably is still indicative of long-term water 
availability in Rockland basin. 

SURFACE-WATER/GROUND-WATER RELATIONS 

The surface- and ground-water resources of Rockland 
basin are intricately related. The movement of water 
from the land surface to the subsurface and back to the land 
surface occurs naturally in the basin, and the surface
water/ground-water relations are an important hydrologic 
factor in the availability and use of water. 

Flow ih Rock Creek is derived from overland runoff 
of precipitation and snowmel t, spring fed tributaries, and 
ground-water discharge. Because of the lack of surface 
runoff from the surrounding mountains, overland flow in Rock 
Creek is derived mainly from precipitation and snowmelt 
on the valley floor. East Fork Rock Creek, whose flow is 
derived mainly from spring discharge, is the largest contri
butor of flow to Rock Creek. Ground-water discharge to Rock 
Creek is predominantly from the Holocene alluvial aquifer. 

Gaining and Losing Reaches in Rock Creek 
and East Fork Rock Creek 

The contribution of ground water 
assessed by streamflow measurement 

43 

( or base flow) was 
at selected sites 



along Rock Creek and East Fork Rock Creek. Measurements 
were made between October 31 and November 2, 1978, when 
effects of irrigation were minimal. Locations of measuring 
sites, discharge, and cumulative apparent gains and losses 
to ground water in the two streams are illustrated in figure 
17. Measuring sites are numbered in downstream order, with 
measured inflows and outflows noted. 

Rock Creek generally gains or receives ground-water 
discharge between measuring sites 2-12 (fig. 17). Below 
measuring site 12 to the Rock Creek near American Falls 
site, no connection exists between surface and ground 
water. East Fork Rock Creek gains from tne ground-water 
system in its upper reach (sites 1, 2, and 3) and generally 
loses to ground water in its middle (site 4) and lower 
(sites B, 10, and 12) reaches. 

Effects of Ground-Water Pumpage on Surface-Water Flows 

Pumping of wells adjacent to a stream where there is 
direct hydraulic connection with an aquifer will result in a 
decrease in streamflow. The degree to which streamflow is 
affected depends on proximity of the well to the stream, 
rate of recharge, quantity of water pumped, and ability of 
the aquifer and streambed to transmit water. It is the 
withdrawal of ground water at the expense of appropriated 
downstream water that is of concern to surface-water users 
in Rockland basin. 

No quantitative measure of streamflow depletion result
ing from ground-water withdrawal has been made in Rockland 
basin. The rate and volume of stream depletion during and 
after pumping of a nearby well were described by Jenkins 
(1970) for a system in which the surface-water/ground-water 
regime was in equilibrium. Figure 18, constructed using 
Jenkins's method, for the alluvial aquifer in Rockland basin 
having average T values of 5,700 ft 2 /d and an average S of 
0 .14, shows the percentage of surf ace water derived from 
Rock Creek in water pumped from a well placed at selected 
distances from Rock Creek after specific time periods of 
pumping. For example, using figure 18, if well l1S-31E-
21ADC1, located 520 ft (0.1 mi) from Rock Creek, were 
pumped for 80 days at 1,100 gal/min, then at the end of that 
time, 70 percent of the water pumped would be derived from 
the stream. The values of T and S used to draw the curves 
in figure 18 are thought to be representative of the Ter
tiary sedimentary-rock aquifer in Rockland basin. If the 
well pumped 1,100 gal/min, it would, after 80 days, deplete 
Rock Creek flow by about 1. 7 ft 3/s. As pumping time 
approached infinity, the volume of stream depletion would 
approach the volume pumped. After pumping ceased, the 
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Apparent gain 
Specific or loss to 

Site Date Discharge Inflow Outflow conductance ground water 
No. measured (ft 'Isl (ft 'Isl (ft 'Is) (µmho) (ft 'Is) 

ROCK CREEK 

10-30-78 0 
1. 7 

10-31-78 2. 8 731 +1.1 

---do--- 2. 6 796 - . 2 

---do--- 4.1 801 +1.5 
3.1 

---do--- 2. 9 955 +2. 0 
6. 3 

---do--- 848 +3. 4 
1.2 

11- 1-78 1.0 1,110 +2.2 

---do--- 3. 4 1,030 +2. 4 
14.0 7.6 

---do--- 19.3 802 +9.5 
8.3 

10 ---do--- 10. 2 728 - .8 

11 11- 2-78 15. 6 904 +5. 4 
1.9 

12 ---do--- 18.4 960 +4. 7 

13 ---do--- 18.4 956 0 

EAST FORK ROCK CREEK 

E-1 10-30-78 16. 4 403 

E-2 ---do--- 19. 2 367 +2.8 

E-3 10-31-78 20.3 364 +1. 1 
6. 7 

E-4 ---do--- 8. 4 408 -5.1 

E-5 ---do--- 12.8 317 +4. 4 

E-6 ---do--- 12.4 460 - • 4 
• 7 

E-7 11- 1-78 12.4 479 + • 7 

E-8 ---do--- 9.2 504 -3.2 

E-9 ---do--- 10. 9 514 +I. 7 
1.1 

E-10 ---do--- 10. 7 482 -1. 3 

E-11 ---do--- 12. 7 531 +2.0 
0.6 

E-12 ---do--- 12.1 -1. 2 
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Figure 18. -- Effects of ground-water pumpage on streamflow at 
selected distances from Rock Creek. 
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stream would continue to lose water to the ground-water 
system until equilibrium again was achieved. Residual 
effects on stream depletion ( shown as "time since pumping 
stopped II i.n fig. 18) are smaller for a well closer to the 
stream. 

Normally, the volume of depleted ground water would 
be replenished during periods of recharge unless (1) deple
tion greatly exceeded available recharge, ( 2) residual and 
lag effects were too lengthy for recovery to occur, or (3) 
storage was drawn through a less permeable boundary than 
that used in this analysis. 

Ground-Water Recharge From Floods 

Short periods of recharge to the aquifer can occur from 
a sudden increase in streamflow during floods. The rate of 
ground-water recharge can be estimated by using a method 
developed by Rorabaugh ( 1964), provided the magnitude of 
the water-table rise associated with the flood and the 
T and S of the aquifer are known. Using Rorabaugh's method, 
the water table is assumed to be horizontal (everywhere at 
stream level) and to extend the width of the valley. The 
true configuration of the water table limits applicability 
of the method but does allow consideration of maximum 
effects of recharge. 

Assuming a typical sudden recharge impulse in observa
tion well l1S-31E-21ADD1 (fig. 15) caused by runoff in Rock 
Creek, the aquifer would be recharged by a certain unit 
discharge per foot of channel length. Using the aquifer 
characteristics computed previously (T and S values of 5,700 
ft 2 /d and O .14, respectively), height of recharge impulse 
(1.5 ft), and time since recharge impulse occurred, recharge 
to channel banks for the first 2½ days from storm runoff for 
a 1-mi width strip on each side of Rock Creek would be 55 
(gal/d)/ft. This rate is equivalent to a volumetric rate of 
9 ft 3 /s for 10 mi of channel length. Return discharge to 
the stream on the recession limb of the observation well 
hydrograph (fig. 15) for 7.2 days and 38 days would contri
bute discharges of 2.6 and 0.63 ft 3 /s, respectively, to 10 
mi of channel length. These discharges would be released 
from bank storage and would contribute about 7 percent of 
the existing streamflow at that time. Extending the hori
zontal water table to include aquifer strips 4. 5 mi wide 
( recharge from the stream to the aquifer is assumed to be 
horizontal and to terminate at the fault boundaries) border
ing the stream gives similar bank-storage release values, 
which indicates that there is minimal increase in dis
charge from bank storage at greater distances from the 
stream. 
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Combi 1.ing Rorabaugh' s method with a technique for 
hydrograph separation (Daniel, 1976, and Daniel, J. F., oral 
commun., 1980), the total volume of ground water contributed 
to streamf low from flood-recharge pulses can be calculate.a. 
An example of the procedure w~s outlined by Wilder and 
Simmons ( 1978). The calculated volume of ground water 
contributed to streamflow during runoff events, as applied 
to station 13077500 on Rock Creek for the period 1955-60, is 
56 percent of the total flow. Total ground-water contri
bution to streamflow is estimated to average 79 percent 
of the annual flow during this same period. 

WATER QUALITY 

water samples for chemical analysis were collected 
during May and June 1979 at 9 surface-water sites, 13 wells, 
and 2 springs in Rockland bas in. Results of the analyses 
are given in table 5. Several surface-water sites also were 
sampled for suspended-sediment concentrations during periods 
of high flow January 14-16, 1980. Sediment data are shown 
in table 6. 

Surface Water 

The chemical quality of most surface water in the study 
area is generally good to fair, and, although hard, is 
suitable for most uses in the basin. Pattern diagrams 
devised by Stiff (1951) in figure 19 depict chemical differ
ences and similarities among selected waters sampled during 
this study. 

Surface water, represented by hatchured patterns in 
figure 19, is generally a calcium bicarbonate type. In 
the vicinity of Rock Creek below Rockland, the water is 
higher in dissolved magnesium and probably is derived 
from ground-water discharge from the aquifer to the stream. 
Most surface water in the study area is classified (Wilcox, 
19 55) as either hard ( 120-180 mg/L calcium carbonate) or 
very hard (more than 180 mg/L calcium carbonate). 

During the study of streamflow gains and losses, 21 
sites on Rock Creek and 16 sites on East Fork Rock Creek 
were sampled for specific conductance (fig. 17). An ap
praisal of the data shows that as the proportion of ground
water discharge to the stream increases, the specific 
conductance also increases, indicating that water from the 
aquifer is higher in dissolved solids. When streams receive 
a large proportion of dire ct runoff from snowmel t and 
precipitation, the specific conductance rapidly decreases. 
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9S-30&- 3J\DBl 6-29-79 

6-29-79 

6-13-79 

500 

408 

14CCAl 

9S-31E-31CAC1 

l0S-30E-l2ACB1 

10S-31E- 7ABB1 

6-13-79 1,100 

lBl\001 

33a:lhl 

llS-31&- lCBCl 

llAOOlS 

l6l\Dl\l. 

l6"DDl 

30BOOJ. 

l.ls-32E--l8AlelS 

12S-3l&- 400"1 

l3l\ll01 

13077343 - S0Uth Fork Rxk Creek 
l::elCM Hartley Cany,Jn 

6-13-79 

6-28-79 

5--23-79 

6-14-79 

6-13-79 

5--23-79 

6-28-79 

6--29-79 

6-13--79 

6-13-79 

6-13-79 

near !by 5--24-79 

13077390 - South Fork Ib:k Creek 
near P.ocklarrl 5-24-79 

13077520 - south Fork 1'xk Creek 
al::x:Jve warm Springs 
Creek near Fockl.arrl 6- 1-79 

13077600 - East Fork a:ck Creek 
near P.ocklarrl 5-31-79 

13077620 - East Fork R.::1Ck Creek 
at lbcklarrl 6- 1-79 

13077632 - Spring Creek near 
Rxkland 5--24-79 

13077638 - lbck Creek belcM' 
Ib:klarrl 5-25-79 

13077646 - lbck Creek near rrouth 5-25-79 

13077650 - R.::ICk Creek near 
Arrerican Falls 

1 Discharge in gallons per minute 

5--31-79 

5--31-79 

401 

335 

600 

125 

60 

273 

400 

Table 5. --Chemical analyses of water 
(Chemical constituents in m1!!1grams per liter, except where noted) 

{<, less than; --, no data available] 

I 
j 

'Ii 

532 7.5 15.5 210 40 57 17 

981 6.9 14.0 370 75 93 33 

704 7.5 11.S 270 40 72 21 

1,260 7.3 20.0 390 210 120 22 

558 7.2 15.0 210 58 17 

760 7.2 13.0 280 50 75 22 

21 

50 

12 

60 

20 

44 

37 8.0 27 

Ground Water 

17 .6 6.4 210 

30 1.1 13 

.3 11 

28 1.3 24 

16 .6 10 

24 1.1 14 

29 1.1 13 

360 

280 

220 

260 

280 

180 

172 11 

295 73 

230 14 

180 18 

213 26 

230 28 

23 

59 

37 

26 

19 

31 

148 7.2 15 

50 

110 

69 

280 

33 

90 

28 392 7.6 20.0 130 

437 6.9 11.5 210 58 17 9.0 

16 

140 

.3 1.0 250 205 50 

197 12 

394 12 

279 43 

115 36 

287 18 

131 16 

197 12 

9.9 18 

2.0 

3.6 

2.9 

18 

5.4 

.Bl 

505 7.5 13.0 210 13 55 18 

1,270 7,8 12.0 360 

763 7.1 11.5 280 

0 88 33 

66 28 

741 6.8 14.5 290 180 85 18 

776 7.5 8.5 360 70 100 26 

578 7.2 11.5 190 59 52 14 

558 7.5 200 48 20 

799 8.1 14.0 320 57 82 29 

851 7. 7 16.0 330 59 82 31 

867 7,6 13,5 320 33 78 31 

389 7,8 11.0 220 20 59 17 

526 8.0 9.0 270 24 67 24 

945 8.0 12.0 420 170 110 35 

1,2 1,010 7.9 16,0 450 89 94 52 

6.0 1,010 8,2 18.0 420 55 79 55 

• 78 952 8.1 18.0 390 66 72 52 

2.0 889 8.1 14.0 360 48 58 

51 

16 

41 

41 

34 

14 .5 1.3 240 

45 3.2 16 480 

28 1.3 8.0 340 

11 

20 

.4 7.3 140 

.9 2.5 350 

31 1.3 9.4 160 

27 1.0 1.9 240 

Surface Water 

38 

49 

55 

s. 7 

14 

37 

20 .9 6.5 320 

24 1.2 7.4 330 

26 1.3 17 350 

10 

16 

.2 l.l 240 

,4 2.8 300 

.a 5.2 300 

440 

470 

17 

23 

32 

22 

52 

21 

16 

262 4.1 28 

271 11 33 

287 13 34 

197 6.1 6.1 

246 4.5 11 

246 4.8 37 

361 a. 7 so 

385 4.7 34 

44 

52 

50 

17 .9 17 

20 1.1 20 

21 1.1 18 440 , 0 361 5.1 34 

61 26 1.4 19 440 361 5.2 34 

36 

50 

62 

150 

64 

91 

59 

93 

98 

96 

9.5 

29 
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81 

Bl 

84 

I 

.2 66 346 
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.2 69 433 

.2 70 711 

.3 60 348 

.4 61 476 

.6 160 379 

.l 10 248 

.l 11 275 

.3 55 699 

.3 54 470 

.2 59 434 

.3 28 497 

.2 55 370 

.l 13 311 

.3 36 471 

.3 45 511 

.4 38 531 

.2 S-.8 227 

.2 12 299 

.3 29 539 

.4 44 630 

.4 35 588 

.4 34 539 

.2 23 529 

l 

.47 
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.09 

.16 
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.55 
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.89 

.33 1.31 

.10 
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.09 

.12 

.03 
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.12 
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Site 
No. 

13077088 

13077090 

13077370 

13077390 

13077480 

13077632 

13077646 
---do---
---do. 1 -
13077100 

13077200 

13077490 

13077340 

13077540 

13077600 

13077650 
---do---

Table 6.--Suspended-sedirnent discharge during 
storm runoff of January 12-17, 1980 

[e, estimated: <, less than] 

Suspended-
Water sediment 

Date Time discharge conaentration 
measured (24-hour} (ft 3 /s} (mg/L} 

1-16-80 0940 0.14 10 

---do--- 0950 1.07 124 

--do--- 1135 .09 147 

1-15-80 1430 68 2,530 

1-16-80 1600 • 72 218 

-·-do--- 1300 1.83 1,180 

1-14-80 1330 440e 10,700 
1-15-80 1130 228 3,650 
--do--- 1250 158 5,470 

--do--- 1650 22 10,600 

--do--- 1540 161 23,400 

1-16-80 1530 1.82 1,800 

1-14-80 1545 40e 23,900 

1-16-80 1400 .08 348 

-·-do--- 1715 17 16 

1-15-80 0850 320e 12,200 
1-17-80 1040 79 786 

1 2 rn1· t ups ream, 

52 

Instantaneous 
suspended-
sediment 

discharge 
(ton/d} 

< 0. 01 

.36 

.04 

465 

4.2 

5.8 

12,700 
2,250 
2,330 

630 

10,200 

8.8 

2,580 

.08 

.73 

10,500 
168 

1 



EXPLANATION 

Patterri diagram 

(Hotchures represent surface-water samples; 
number represents dissolved solids,in milligrams per liter.) 

Cations(+) Anions(-) 

Sodium olus --.--,r--r-r-..-...--, 549 . Potassium 1 -r -~~-, - Chloride 

Ma~0~~i~i~m L .J _ ~ : : : ~ : :~J -'- -Bicarbonate 
----:~:~;::Y~7.r-~~-~ 765432101 234567 

113° 

Base from U.S. Bureau of _ 42° 15' 
Land Management, 1,125,000 (1968) 

R. 31 E. 

milliequivolents per liter 

(Dote indicates dote of sample) 

6 Surface-water-sampling site 

I 
112° 45 1 

T. 
12 
S. 

I O 2 3 Miles 
L.,-t,--,-......_,........,,..__,_..., 

T. 
10 
s. 

Well and number 

Spring and number 

Basin boundary 

30 1 

I o I 2 3 4 5 Kilometers 

Figure 19. -- Chemical character of water. 
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On the basis of specific-conductance values and SAR 
(sodium-adsorption ratio), surface water also was classified 
to determine its suitability for irrigation. All surface 
water in the study area is within the low sodium water 
classification and can be used on most soils with little 
danger of developing harmful levels of exchangeable sodium. 
Some sodium-sensitive crops may be affected (Wilcox, 1955, 
p. 10). Except for East Fork Rock Creek, surface water 
in Rockland basin is classified as moderately high in 
salinity hazard. These waters should not be used on soils 
that have restricted drainage or on plants that have low 
salt tolerance. Plants that have moderate salt tolerance 
can be grown in most places without special practices of 
salinity control. Even with adequate drainage, special 
management for salinity control may be required. 

Water samples were collected during January 14-17, 
1980, for determination of suspended-sediment concentrations 
( table 6). At this time, stream discharges were at a 
maximum, and numerous tributaries were at bankfull or 
overflow stage. Most of the stream channels had eroded 
their banks when the measurement sites were revisited in 
mid-June 1980. 

Concentrations of suspended sediment resulting from 
soil losses in a dominantly agricultural area are expected 
to be high when floods occur (table 6). Removal of protec
tive vegetation and vario~s land-surface disturbances by 
man's activities can cause increased erosion. 

Ground Water 

The relative abundance of the common ions in ground 
water from each weli sampled during this study is shown in 
figure 19. Calcium and bicarbonate are the predominant 
ions. The concentration of dissolved solids for most 
samples is generally less than 700 mg/L. The diagrams in 
figure 19 show that ground waters throughout the basin are 
generally similar and vary little in types and amounts of 
dissolved constituents. 

Several of the apparently anomalous water-qua! i ty 
analyses shown in figure 19 can be explained by their 
relation to specific sources. For example, the water sample 
from well l0S-30E-l2ACB1 is higher in calcium, potassium, 
and chloride than other water samples. This well pumps 
water from aquifers composed chiefly of sedimentary mater
ials high in these constituents. 
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A ground-water sample also may be influenced by return 
irrigation flows. Accumulated salts that infiltrate through 
or are leached from the soil eventually may mix with ground 
water. An example is the water sample taken from well 
11S-31E-16ADA1, a shallow well in an area where the water 
table is about 7.5 ft below land surface. This sample was 
higher in sodium, alkalinity, and dissolved solids than 
other water samples. The potential exists that saline or 
alkaline salts from evaporation of ground-water derived 
irrigation waters could result in local, unproductive 
acreage. On the basis of specific conductance and SAR, 
ground waters are, with the exception of the two wells 
previously discussed, classified as medium salinity waters, 
which can be used if a moderate amount of leaching occurs. 

Ground-water samples can be influenced by nonagricul
tural uses; for example, the high concentration of nitrates 
and nitrites at well 11S-31E-16ADA1 is attributed to contam
ination by seepage from nearby livestock corrals. 

SUGGESTIONS FOR MONITORING 

To provide data for managing water resources in Rock
land bas in, the following network to monitor ground-water 
level fluctuations, surface-water discharge, and water
quality changes is suggested: 

Continue bimonthly water-level measurements at the 
following observation wells: l0S-31E-5DAD1; l0S-31E-29BBA1; 
l2S-31E-22BCC1. Also, make bimonthly water-level measure
men ts in well l0S-30E-25BAA1 or l0S-30E-24CDD1. Retain 
stream-gaging site at the mouth of Rock Creek to provide 
surf ace-water outflow data for Rock Creek. Collect water
quality samples above and below the confluence of East 
Fork Rock Creek and Rock Creek in the spring and fall. It 
is further suggested that selected domestic and stock water 
wells completed in sedimentary deposits near Rockland and 
Rock Creek be sampled to detect possible localized contam
inants, and that East Fork Rock Creek near Rockland be 
sampled monthly from June to September for bacteria and 
nutrients to insure the data necessary to analyze quality of 
surface flow. 

SUMMARY 

Total water yield available to Rockland basin is about 
5.0 in. (85,000 acre-ft/yr) of the 17.3 in. of estimated 
annual precipitation. Water yields to the Tertiary and 
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pre-Tertiary sedimentary rocks range from O. 5 to 10. 4 
in./yr, respectively. ET is estimated to range from 9.8 to 
17 in./yr, depending, in part, on altitude. 

Major water-bearing rocks in Rockland basin are the 
Quaternary-Tertiary volcanic rocks, Holocene alluvium, and 
Tertiary sedimentary rocks. Ground water occurs under 
water-table conditions, except where locally confined. The 
principal source of recharge to the basin is precipitation 
on the fractured and faulted pre-Tertiary sedimentary rocks 
bordering Rockland basin. Ground water discharges from 
eastern mountain springs to maintain perennial streamf low. 
Ground-water movement is generally northward. Near the 
mouth of Rock Creek, an estimated 51,000 acre-ft/yr of 
underflow leaves the basin by moving through the basalt to 
the Snake River. 

East Fork Rock Creek is the largest surface-water 
source for irrigation within the basin. Annual discharge 
for the 1979 water year was 12,900 acre-ft, and for the 
1980 water year was 13,700 acre-ft. Surface-water runoff 
from all available sources is estimated to average 16,500 
acre-ft/yr. Annual surface-water discharge from Rockland 
basin was 19,800 acre-ft during 1979 and 28,900 acre-ft 
during 1980. Overland runoff and subsequent channel erosion 
caused particularly high sediment yields during the storm of 
January 12-17, 1980. 

If the consumptive uses of water for 1979 are con
sidered typical for a normal year, then only 18 percent of 
the 86,400 acre-ft of total water yield of the basin is 
currently used. Hypothetically, a portion of the 70,800 
acre-ft/yr unused outflow could be captured. In addition to 
the 51,000 acre-ft/yr of ground-water underflow, 13,000 of 
the 19,800 acre-ft/yr of surface-water outflow was contri
buted from ground-water sources. Lowering stream water 
levels by ground-water pumping could salvage a portion of 
this water. 

However, any additional increase in ground-water 
withdrawals above current pumpage levels must be strategi
cally placed so as not to interfere with streamflow re
quired to meet existing water rights. 

Consumptive use of water for irrigation, municipal, 
domestic, and stock supplies was estimated to be about 
16,000 acre-ft in 1979. Of the total, about 3,500 acre-ft 
was supplied by ground water. 
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Excessive pumping from wells near streams may reduce 
base flow where the stream and Holocene alluvium and Ter
tiary sedimentary-rock aquifers are hydraulically connected. 
Pumping from wells drilled along faults, especially in the 
headwaters area of East Fork Rock Creek, may affect ground
water movement and diminish flow in nearby springs. Any 
implied dewatering and water-table declines on a regional 
basis are speculative, due to lack of long-term water-level 
data. However, the available water-level records and a 
hydrologic analysis of the basin indicate that significant 
volumes of water have not been depleted from the ground
water system. 

The quality of surface and ground waters in the basin 
is generally good for irrigation use; salinity levels are 
medium to moderately high. East Fork Rock Creek has the 
lowest concentration of most constituents used in irrigation 
classification. One ground-water sample taken from a well 
near a stockyard was high in sodium and nitrates. 

Although this study was primarily a general evaluation 
of the relation between the surface- and ground-water 
systems in Rockland basin, a more concise treatment of the 
response of the unconfined aquifer due to effect of in
creased irrigation withdrawals perhaps can best be under
stood on a regional scale by simulation analysis using a 
hydrologic model. The advantage of developing such a 
model is the ability to predict future cause-and-effect 
rel at ions. Any proposed management practices and 1 imi ta
t ions can be evaluated effectively by programming any 
system of recharge, pumping patterns, and ET losses. 
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