GROUND WATER

OPEN FILE REPORT

A HYDROGEOIOGIC INVESTIGATTION
OF THE HAY CREEK ARFA
NEAR MADRAS, OREGON

By
Marc A. Norton

OPEN-FILE REPORT NO. 88-02

STATE OF OREGON

WATER RESOURCES DEPARTMENT

GEOLOGY/HYDROLOGY SECTION

RESOURCE MANAGEMENT DIVISION

SAIEM, OREGON

FEERUARY, 1988

WILIIAM H. YOUNG
Director



Definition of Terms
Well Numbering System

Executive Summary

Introduction
Iocation
Purpose
Previous Studies
Ground Water Development
Acknowledgments

Geographic Setting
Hydrogeologic Setting

Geology

Hydrologic Cycle
Ground Water

Description of the Aquifer Test
Aquifer Test Methods
Aquifer Characteristics
Iong Term Projections
Pump Efficiency

Resource Management
Conclusions

Bibliography

Appendix I Well Iogs

Apperdix II  Test Data

Appendix IITI Description of Aquifer Test Analysis Methods



FIGURES

Figure 1. ILocation of Study Area.

Figure 2. Geologic Map, After Rabinson, 1975.

Figure 3. The Hydrologic Cycle, After Todd, 1959.

Figure 4. Unconfined and Confined Aquifer, After Todd, 1959.
Figure 5. Iocation of Wells Measured During Aquifer Test.

Figure 6. Arithmetic Plot of Ground Water lLevel Data From the Rueter Irrigation
Well and Domestic Well.

Figure 7. Arithmetic Plot of Ground Water ILevel Data From the Ochs Irrigation
Well and the Bauer Damestic Well.

Figure 8. Arithmetic Plot of Ground Water ILevel Data From the Ochs Test Wells
in Sections 17 and 20.

Figure 9. Semi-log Plot of Drawdown Data at the Rueter Irrigation Well.

Figure 10. ILog-Log Plot of Drawdown Data at the Rueter Irrigation Well Due to
Pumping the Rueter Irrigation Well.

Figure 11. Iog-Iog Plot of Drawdown Data at the Rueter Domestic Well Due to
Pumping the Rueter Irrigation Well.

Figure 12. Iog-Iog Plot of Drawdown Data at the Ochs Irrigation Well Due to
Purping the Rueter Irrigation Well.

Figure 13. Iog-ILog Plot of Drawdown Data at the Bauer Domestic Well Due to
Punping the Rueter Irrigation Well.

TABLES
Table 1. List of Ground Water Rights in the Hay Creek Area (not including
shallow alluvial wells).
Table 2. Wells Measured During the Ochs/Rueter Aquifer Test.
Table 3. Sumary of Early Time Aquifer Characteristics.
Table 4. Summary of Middle Time Aquifer Characteristics.

Table 5. Summary of Late Time Aquifer Characteristics.



Acre-Foot (AF):

Alluvium:

Anticline:

Aquifer:

Artesian Aquifer:

Cone of Depression:

Ground Water Reservoir:

Fault:

Hydraulic Conductivity:

Interference:

Permeability:

DEFINITIONS OF TERMS

The volume required to cover 1.0 acre to a depth of 1.0
foot. This is equal to 43,560 cubic feet or 325,851

gallons.

Deposits of clay, silt, sand and gravel resulting from
the deposition by modern rivers, thus including the
sediments laid down in river beds, flood plains, lakes,
fans at the foot of mountain slopes, and estuaries.

A fold that is convex upward, in which strata dip away in
opposite direction from a common ridge or axis and whose
core contains stratigraphically older rocks.

A body of saturated rock, alluvium, or other naturally
occurring material having sufficient permeability to
store, transmit, and yield sufficient quantities of water
to wells or springs so that they can serve as a practical
supply of water.

Artesian is synonymous with confined. A geologic unit
that contains water under sufficient hydrostatic pressure
to cause the water level in a well to stand above the
bottom of the overlying confining layer. Wwhen the
pressure is sufficient to raise the water level above
land surface, a properly constructed well penetrating an
artesian aquifer will flow.

The conical depression in a potentiometric surface or
water table that forms around a well as a result of

pPuaping.

A designated body of standing or moving ground water
having exterior boundaries which may be ascertained or
reasonably inferred (ORS 537.515(4)).

A fracture or series of fractures in rock accompanied by
a displacement of one side with respect to the other in a
direction parallel to the fracture.

A measure of the volume of ground water flowing in unit
time through a face of unit cross sectional area
perpendicular to the direction of flow under a unit
hydraulic gradient. It can be expressed as gallons per
day per square foot or feet per day.

The lowering of the water level in a well or spring due
to pumping of neighboring well(s).

The ability of a rock or soil to transmit fluid such as
water under a hydraulic gradient.



Potentiometric Head:

Specific Yield:

Storage Coefficient:

Syncline:

Total Head:

Transmissivity:

Water Ievel:

Water Table Adquifer:

The level to which water in an aquifer will rise by
hydrostatic pressure, usually expressed as an elevation
above sea level.

The ratio of the volume of water which a saturated rock
or soil will yield by gravity to the total volume of rock
or soil.

The volume of water an aquifer releases from or takes
into storage per unit surface area of the aquifer per
unit change in head.

A fold in rocks that is concave upward in which strata
dip imward from both sides toward the axis and whose core
contains stratigraphically younger rocks.

The total head of a liquid at a given point is the sum of
three components: (1) elevation head, which is the
elevation of a point above a datum, (2) pressure head,
which is the height of a column of static water that can
be supported by the static pressure at the point, and (3)
velocity head, which is the height the kinetic energy of
the liquid is capable of lifting the liquid. In most
ground water situations, velocity head is nil.

The rate of flow at which water is transmitted through a
unit width of aquifer under a unit hydraulic gradient.

It equals the hydraulic conductivity multiplied by the
saturated thickness of the aquifer. It is usually
expressed as gallons per day per foot, or square feet per
day. In simple terms, the ability of an aquifer to
transmit water.

The distance from land surface to the top of the water
column in a well. When the well is pumping, it is called
a puping water level. It is referred to as a static
water level in a well that has recovered from any

pamping.

Water table is synonymous with unconfined. A
water-bearing geologic unit in which the hydrostatic
pressure at the upper surface of the water body is
atmospheric.



WELI: NUMBERING SYSTEM

The well and spring numbering system used in Oregon is based on the rectangular
system used for subdivision of public lands. Each well mumber indicates the
geographic location of the well and describes the township, range, ard sectioen.
For example, the well rumber 9S/15E-20cdb indicates a well located within
Township 9 South, Range 15 East, and section 20. The letters following the
section number indicate the well location within the section as shown below. The
first letter (c) represents the quarter section (160 acres), the second letter
(d) the quarter—quarter section (40 acres), and the third letter (b) the 10.0
acre tract. A series number is added following the third letter to distinguish
two or more wells within a 10.0 acre tract.

R12E_R13E_R14E R15E R16E R17E R18E R19E R20E
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EXECUTIVE SUMMARY

On September 14, 1987, Bob Main, the Watermaster in District 11, was notified of
a potential ground water interference problem. The owner of an irrigation well
northeast of Madras was unable to pump his normal quantity of water. The
Geology/Hydrology Section was requested to conduct an aquifer test to determine
if there was interference between the ground water users.

A preliminary round of water level measurements was made on Octaber 7, 1987. A
24-hour constant rate aquifer test was conducted on Octaber 14-15, 1987. Water
levels were measured in the pumping well and in five cbservation wells and one
spring. Analysis of the aquifer test data indicated that at least two barriers
to ground water flow affected the water levels. Storage coefficient values were
calculated ranging from 1.09x10™4 to 6.75x10™° indicating a confined aquifer.
The transmissivity values calculated range from 4,100 to 26,400 gallons per day
per foot.

There was 8.53 feet of drawdown at the Ochs irrigation well after pumping the
Rueter irrigation well for 24 hours at 200 gallons per minute. Using the aquifer
characteristics determined from the test, drawdown at the Ochs irrigation well
was estimated to be 24 feet after after 30 days.

Because Mr. Ochs has the older ground water right and is unable to pump his duty
of water, any interference is significant. A gentleman's agreement should be
worked out between the users on how to distribute the ground water resource. If
no agreement can be reached, regulatory action may be required to protect the
older water right.



INTRODUCTION

Location

Hay Creek is located 15 miles northeast of Madras in Jefferson County. The wells
in the investigation are located on both sides of Hay Creek. Hay Creek flows
into Trout Creek, a tributary of the Deschutes River.

Purpose

On September 14, 1987, Bob Main, the Watermaster in District 11, was notified of
a potential ground water interference problem. Ron Ochs, a farmer in the Hay
Creek area northeast of Madras (Figure 1) indicated that his irrigation well was
not producing its normal quantity of water. He felt that the use of a new well
in the valley was interfering with his well. Bob Main requested the
Geology/RBydrology Section to look into the problem and conduct an aquifer test to
determine: 1) if there was interference between the two wells and 2) if the
interference was significant.

On October 7, 1987, Marc Norton, a hydrogeologist from the Salem office
accampanied Bob Main to Hay Creek. A preliminary round of water level
measurements was made at the wells. An aquifer test was conducted the following
week,

Previocus Studies

In 1964, Peck conducted an investigation of the geology in the Antelope-Ashwood
area and described the stratigraphy of the John Day Formation in detail.
Robinson (1974) also mapped the geology in the area as part of a larger study.

In September 1980, the Water Resources Department conducted an investigation to
determine if interference was occurring between the Ochs irrigation well and a
spring owned by Mr. Bauer. The investigation included a 2 day recovery test when
the Ochs pump was shut down after pumping most of July and August. A 24-hour
drawdown test was run when the pump was turned back on. The Bauer spring was dry
during both tests, but data collected during the test and at the end of the
irrigation season confirmed the connection between the Ochs irrigation well and
the Bauer spring. It was noted that the discharge from the Ochs irrigation well
dropped during the summer. The pump was drawing air prior to shut down
indicating that the ground water level was at the intake section of the pump. An
agreement was reached between the parties settling the issue concerning the
ground water supply at that time in the area.
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Grourd Water Development

Listed in Table 1 are the ground water rights in the Hay Creek area. There are
four ground water rights not included in the list because they appropriate water
from the shallow alluvial material. Mr. Ochs has the largest and oldest ground
water permit. Mr. Rueter has the smallest and newest ground water permit.
Certificates have not been issued on any of the permits.

Table 1. IList of ground water rights in the Hay Creek area (not including
shallow alluvial wells).

OWNER APPLICATION PERMIT PRIORITY PERMITTED ACREAGE *
NUMBER NUMBER DATE DIVERSION
(CFs)
OCHS G—-8956 G-9178 10/ 4/78 2.83 226.5 (P)
BAUER G-9511 G~9179 8/28/80 2.69 215,15 (S)
RUETER G-11083 G-10253 9/14/83 0.56 71.6 (S)
11/14/83 0.34
* (P) Primary irrigation acres (S) Supplemental irrigation acres
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GEOGRAPHIC SETTING

The climate is semi-arid. Most of the hills are barren except for sagebrush and
juniper. The valley bottom is farmed using water fraom Hay Creek and wells. The
average annual precipitation at Madras is nearly 10 inches. The precipitation at
Hay Creek is close to 10.7 inches anmually. Temperatures can exceed 100
Fahrenheit (°F) in the summer and drop below 0 F in the winter. The only
discharge measurements for Hay Creek on record were in 1915-1916. Discharge
ranged from .5 cubic feet per second (cfs) to 9.16 cfs. Flooding can cover most
of the valley floor.

HYDROGEOLOGIC SETTING

Geology

A thin layer of alluvial material consisting of silt, sand, and gravel has been
deposited in the stream valleys. The sediments are a minor source of water.
Wells penetrating the alluvium can obtain sufficient water for year round
damestic use ard small irrigation use during the spring and early summer.

The John Day Formation is the source of ground water for the wells monitored in
the aquifer test. The John Day Formation consists of about 4000 feet of tuff and
is divided into nine members (Peck, 1964). Tuff consists of very small fragments
that form as a result of volcanic eruption. Seven members of the John Day
Formation are exposed near Hay Creek due to faulting, folding, and erosion
(Figure 2). Several north-south trending faults have been mapped in the area.
The wells are located between two faults, one located on each side of Hay Creek.
The area between the faults has been uplifted. The amount of displacement is
unknown. An east-west trending u-shaped fold (syncline) is flanked by arched
shaped folds (anticlines) on the north and south.

Geologic structures such as faults and folds can affect the movement of ground
water in a flow system. If the ability of the rocks to transmit water is
reduced, a barrier to ground water flow is created. Faulting and folding can
increase the ability of ground water to move vertically. Recharge to the ground
water flow system can occur along faults or folds. Ground water can also move
upward from greater depths along faults or folds in to an upper aquifer. The
presence of barriers or recharge areas can sametimes affect the aquifer test
results.
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The Hydrologic Cycle

The hydrologic cycle is the movement of water over, on and in the earth's crust
(Figure 3). Water evaporates from bodies of water and the land surface to form
clouds. Precipitation in the form of rain or snow returns the water to earth.
Much of the precipitation is returned to the atmosphere by evaporation or by
plants.

Water that reaches the ground, infiltrates into the soil or runs off to streams.
Once in the soil, water is used by plants or percolates dowrward to be
temporarily stored as ground water. The part stored as ground water then moves
laterally, eventually discharging as springs or seeps into streams. Man
intercepts ground water by developing springs and constructing wells. Water
reaching streams, returns to the oceans where it is again evaporated to continue
the cycle.

q? CONDENSATION

Snow
2 ] PRECIPITATIO
PN * ; * TRANSPIRATION
Infiltration ® ‘% \
/;\ Surface

\
9

Percolation

e '
Ground Water
Flow

Water Table

Spring

Figure 3. THE HYDROLOGIC CYCLE
From Todd, 1959



Grourd Water

An aquifer is a body of saturated rock, alluvium, or other naturally occurring
material that contains sufficient permeability to store, transmit, and yield
quantities of water to wells or springs so that the source can serve as a
practical supply of water. Aquifers are classified as unconfined (water table)
or confined (artesian), depending on the absence or presence of a confining
stratum (Figure 4). An unconfined aquifer is a water-bearing geologic unit where
the hydrostatic pressure at the upper surface of the water body equals the
atmospheric pressure. A confined aquifer is a geologic unit that contains water
under sufficient hydrostatic pressure to cause the water level in a well to stand
above the bottam of the overlying confining stratum.
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Figure 4. UNCONFINED AND CONFINED AQUIFERS
From Todd, 1959



DESCRIPTION OF THE AQUIFER TEST
Aquifer Test Methods

On October 7, 1987, ground water levels were measured in 6 wells and at the Bauer
spring (Figure 5). Table 2 lists the wells and spring measured during the test.

On October 13, 1987, a secord rourd of measurements was taken to determine ground
water level trends prior to the aquifer test. Type F water level recorders were

installed on two unused wells located nearby. A micrabarograph was placed at the
Ochs' farm to monitor changes in atmospheric pressure guring the test.

The Rueter irrigation well was the pumping well for this test. It was equipped
with a 25 horsepower submersible pump. A gate valve at the well head was used to
maintain the discharge at a constant rate. Discharge was measured by flowing the
water into a ditch, then over a rectangular weir. The water then flowed into Hay
Creek. Water temperature was measured periodically throughout the test. The
electric meter was read before and after the test. The rate of demand for
electricity was checked periodically during the test. Water levels were measured
with calibrated electric tape. Each well was measured with the same sounder
throughout the test to maintain data integrity.

An aquifer test consists of pumping one well at a known constant rate and
observing the effects in the pumping well and in nearby cbservation wells. The
test includes drawdown and recovery phases.

Table 2. Wells ard springs measured during the Ochs/Rueter aquifer test.

Well Well Elevation at Distance to
depth, well head, purped well,
(Feet) (Feet) (Feet)
RUETER IRRIGATION 225 1,770 —_—
RUETER DOMESTIC 272 1,760 2,150
OCHS TRRIGATION 210 1,755 3,370
BAUER TRRIGATION 350 1,740 5,520
BAUER SPRING - 1,730 5,520
OCHS TEST 17 780 1,710 11,155
OCHS TEST 21 800 1,840 6,800

For this test, the pump was turned on at 10:00 AM on October 14, 1987 and
dxawdcmnwasmeasured for 24 hours. Recovery was measured for4 hours
immediately after the pumping period. Bob Main measured the water levels in the
wells approximately 26 hours after the pump was shut off. An additional round of
measurements was made on November 16, 1987.
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When a well is pumped, ground water is removed fram the aquifer in the vicinity
of the well. Because the aquifer is artesian, the water level measured in the
well represents the pressure in the aquifer. The water level in the pumping well
drops, lowering the pressure head in the surrounding aquifer. Water moves from
areas of higher pressure toward the well, resulting in the formation of a cone of
depression. When the cone of depression reaches another well, the water level in
that well will begin to drop. The aquifer response to stress (pumping) is
observed by measuring the water level changes with time.

Drawdown data is plotted versus time since pumping began. Recovery data is
plotted against the ratio of time since pumping ended divided by the time since
pumping started. The graphs are used to solve equations which describe the
hydraulic properties of the aquifer. These properties include the transmissivity
and storage coefficient.

Transmissivity (T) is the capacity of an aquifer to transmit water and is
expressed in units of gallons per day per foot (gpd/ft). The higher the
transmissivity value, the easier water moves through the aquifer.

Storage coefficient (S) is the volume of water that an aquifer releases from or
takes into storage per unit surface area of the aquifer per unit change in head
ard is dimensionless. The storage coefficient of most confined aquifers ranges
from about 1x10™3 to 10™°. For unconfined aquifers, the storage coefficient
ranges from 0.01 to 0.3 (Freeze and Cherry, 1979, p. 61).

The data collected during the aquifer test are listed in Appendix II. The
observed data were adjusted for the pretest water level trend. The data were not
adjusted for effects of atmospheric pressure because only minor changes were
recorded. There was very little difference noted between the cbserved water
levels and the water levels adjusted for the pretest water level trend.
Therefore, all the calculations are based on the cbserved data.

Two basic methods for calculating aquifer characteristics from aquifer test data
were used in this test: the Theis Non-equilibrium Well Equation and the Jacob
Modified Non-equilibrium Well Equation. An explanation of both methods is
presented in Appendix III (Heath, 1983). The Theis Equation requires the
drawdown versus time data to be plotted on log-log graph paper. The Jaccb
Equation requires the drawdown versus time data to be plotted on semi-log graph
paper. Additional conditions must be met for the Jaccb method to yield
satisfactory results. These conditions were only met at the pumping well. See
Appendix III for further explanation.

Aquifer Characteristics

Water level data collected during the aquifer test were plotted on arithmetic,
semi-log, and log-log graph paper. Drawdown and recovery from pumping the Rueter
well can be seen in Figures 6 and 7 (arithmetic plots). The rise in water levels
prior to the aquifer test indicates that the wells were recovering from pumping
during the irrigation season. The total drawdown at the Rueter irrigation well
was 24.66 feet. The effects of pumping the Rueter irrigation well were noted at
the Rueter domestic well and at the Ochs irrigation well within 15 minutes after
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the pump was started. After pumping the Rueter irrigation well for 24 hours, the
drawdown at the Rueter damestic well was 8.78 feet. The drawdown at the Ochs
irrigation well after 24 hours was 8.53 feet. The effect of pumping the Rueter
irrigation well was noted at the Bauer well after 5 hours. Total drawdown at the
Bauer well was 1.45 feet. The pump was on at the Bauer well which affected the
pretest water level data.

Ground water levels in the Ochs unused wells did not respond to pumpage from the
Rueter irrigation well during the test. The ground water levels remained
unchanged through November 16, 1987 (Figure 8).

Tables 3, 4, and 5 list the aquifer characteristics calculated from the data
collected during the aquifer test. The storage coefficient calculations were
very consistent, ranging from 1.09x10™4 to 6.75x10™° indicating a confined
aquifer. The transmissivity values range from 3,900 to 26,400 gpd/ft. The
higher transmissivity values were calculated from early time drawdown data and
are representative of the aquifer near the well. The lower transmissivity values
were calculated from late time drawdown data that represents the regional nature
of the aquifer. Aquifer characteristics were not calculated from the recovery
data because the log-log plots were too flat for curve matching (Theis Method)
and requirements of the Jacob Method (semi-log) were not met.
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Table 3. Summary of early time aquifer characteristics.

WELL Distance from T SS Method
pumping well (gpd/ft) (107°)
(feet)
Rueter Irr. 0 22,700 Theis Drawdown
. 0] 26,400 Jacob Drawdown
Rueter Dom. 2150 20,800 5.01 Theis Drawdown
Ochs Irr. 3370 20,800 2.79 Theis Drawdown
Bauer Dom. 5520 17,600 0.11- Theis Drawdown

Table 4. Summary of middle time aquifer characteristics.

WELL Distance from T S Method
pumping well (gpd/ £t) (1073)
(feet)
Rueter Irr. 0 13,200 Jacch Drawdown
0 7,900 Theis Drawdown

Table 5. Summary of late time aquifer characteristics.

Well Distance from T S Method
pumping well (gpd/ft) (2073)
(feet)
Rueter Irr. 0 3,900 Theis Drawdown
o) 4,100 Jaccb Drawdown
Rueter Dam. 2150 4,200 6.75 Theis Drawdown

Ochs Irr. 3370 4,200 2.88 Theis Drawdown



Figure 9 is a semi-log plot of drawdown data from the pumping well (Jaccb
Method). Because the distance between wells is large and the transmissivity
values are low, the Jacob Method could only be used on the data from the pumping
well. Under ideal conditions, the data should plot along a straight line. If
the data departs from the straight line, a boundary condition probably exists.
The type of boundary present, whether a recharge or no-flow barrier, is indicated
by the direction of deviation from the straight line. If the data plot below the
straight line, a barrier to ground water flow was intercepted by the cone of
depression as it expanded. Two breaks in the slope were noted for data from the
Rueter irrigation well (Figure 9). Straight lines were drawn through the data at
each break in slope to determine the amount of drawdown per log cycle. Values of
transmissivity were calculated for each portion of the data represented by a
straight line. The transmissivity values are 26,400 gpd/ft for early "t" or
time, 13,200 gpd/ft for middle "t" and 4,100 gpd/ft for late "t". The changes in
transmissivity values indicates at least two barriers to ground water flow were
encountered.

Figure 10 is a log-log plot of drawdown from the Rueter irrigation well. In the
Theis method, the drawdown data is matched to an idealized aquifer response. If
the data depart fram the "Type Curve", a boundary condition probably exists. The
type of boundary present, whether a recharge or no~-flow barrier, is indicated by
the direction of deviation from the type curve. If the data plot shows
increasing drawdown by plotting above the "Type Curve", it indicates that a
barrier to ground water flow was intercepted by the cope of depression as it
expanded. The data deviates upward from the Type Curve twice, indicating at
least two barriers to ground water flow were encountered.

Plots from the Rueter domestic well and the Ochs irrigation well also indicate
barriers to grourd water flow (Figures 11 and 12). Five Type Curves were fitted
to the data. The three additional curves drawn through the data are probably
reflections of the boundary conditions and do not indicate more boundaries.

The plot from the Bauer well did not show any boundary conditions (Figure 13).
If the test had run for a longer period of time, the influence of the boundaries
would probably have been cbserved. With three abservation wells and a longer
test, location of the boundaries may have been estimated.

Aquifer characteristics calculated from the data collected in September 1980 when
the Ochs irrigation well was shut down are similar to those calculated from the
Ochs/Rueter aquifer test. Early time transmissivities range fram 19,000 to
26,000 gpd/ft. Late time transm1551v1t1es was calculated to be 5000 gpd/ft. A
storage coefficient of 2.54x10™4 was calculated.

The transmissivity values, calculated from the data collected when the Ochs
irrigation well recammenced pumping, range from 29,000 to 31,200 gpd/ft (early
time) and 16,700 gpd/ft (middle time). These are in the same range as the early
and middle time values calculated from the more recent aquifer test.

The normal temperature for shallow ground water (30 - 60 feet deep) is
approximately 2F above the average annual air tenperature Below these shallow
depths, the temperature increases appmx:.mately 0.5F for each 100 feet of depth
(Todd, 1959). The average anmual air temperature at Madras is 48F. The
temperature of the ground water being pumped from the Rueter irrigation well
should be around 51-53F. The temperature of the ground water pumped fram the
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Rueter irrigation well was 72F throughout the test. A ground water temperature
of 67.1F was measured during the 1980 aquifer test at the Ochs irrigation well.
One possible explanation for the warmer water would be that ground water is
moving up one or more of the nearby faults. Because the temperature at the
Rueter irrigation well stayed the same during the test, most of the water being
pumped could be caming fraom greater depth. This also indicates that recharge, at
least in part, is not occurring locally.

long Term Projections

After 24 hours of pumping the Rueter irrigation well at 200 gpm, there were 8.53
feet of drawdown (interference) measured at the Ochs irrigation well, 3370 feet
away. Using a late time transmissivity of 5000 gpd/ft and a storage coefficient
of 3.0x107°, the drawdown at the Ochs irrigation well after 15 days of pumping
the Rueter irrigation well at 200 gpm is calculated to be about 21 feet. The
drawdown was calculated to be about 24 feet after 30 days and about 28 feet after
60 days. These predictions assume that the aquifer characteristics will remain
the same during the time period. This amount of drawdown (interference) would
substantially reduce the pumping capacity of the Ochs irrigation well.

An estimate of annual recharge was made from the data collected during the study.
A given volume of water was removed from the aquifer resulting in a known amount
of water level decline. This value is multiplied by the pretest water level
trend to determine the rate of recharge. Approximately 85 acre feet per year is
recharged to the aquifer. If the recharge estimate is off on the low side by 50
percent, the annual recharge would be approximately 130 acre feet. The recharge
estimate assumes that the pretest water level trend is constant throughout the
year which is unlikely. Ground water levels continued to rise after the test but
at a reduced rate. The estimate of recharge J.ndJ.cates that the ground water
resource is very limited in this system.

More water can be pumped annmually than is being recharged, but it comes from
storage with a resulting water level decline. When the Ochs' irrigation well was
drilled in 1978, the well flowed at a rate of 200 gallons per minute at land
surface. The well no longer flows, indicating that there maybe an overdraft on
the grourd water flow system.

Pup Efficiency

Water horsepower (Whp) is the power required to pump water at a given rate and
against a given head. Total dynamic head (TDH) is essentially the lift (pumping
water level to ground surface) plus the pressure against which the pump is
working.

Q(gpm) * TDH(ft) 200 gpm * 200 ft
Whp = = = 10.1
3960 3960




The pump efficiency is the Whp divided by the Brake Horsepower (Bhp). The
submersible pump in the Rueter Irrigation well is rated at 25 Bhp. The pump
efficiency is equal to:

Whp 10.1
———— = —— = 40 %o

Ehp 25

The irrigation system was inspected by FloSonics, Inc., Umatilla, on April 15,
1987. Pump efficiency was calculated to be only 30 %. FloSonics indicated that
by installing a pump with a lower Bhp rating, the efficiency could be raised.

Power use for the 24 hour test was 610 kilowatt-hours. Discharge during the test
was 200 gpm or 288,000 gallons. The irrigation system would use approximately
690 kilowatt-hours per acre-foot of water pumped.

RESOURCE MANAGEMENT

Conclusions

1. The aquifer supplying water to the Ochs, Rueter, and Bauer wells is
limited by hydrogeologic barriers. Geologic structures (faults and
folds) control the ground water flow system.

2. Aquifer characteristics indicate that the aquifer has a limited
capability to supply the quantity of water needed to meet the valid
ground water rights.

3. There is a hydrologic connection between the Rueter irrigation well,
the Ochs irrigation well, and the Bauer domestic well. Interference
was calculated to be 24 feet at the Ochs irrigation well after 30 days
of pumping the Rueter irrigation well.

4. The Ochs test wells in sections 17 and 20 did not respond to pumping
the Rueter well. The test wells may be an alternate source of water
if they can produce a sufficient quantity of water

5. The Ochs irrigation well was breaking suction prior to use of the
Rueter irrigation well. Mr. Ochs indicated that the discharge from
his well has dropped off over the last several years.

6. There is a possibility of a long term water level decline in the
adquifer supplying water to the wells.
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WELL LOGS



RUETER IRRIGATION WELL LOG

WATER WELL REPORT
STATE OF OREGON

. ‘ PLEASE TYPE “WATERNREGOURCES DEPT.

APR 21983

State Permit No

SALFM, OREGON

(1) OWNER: (100 LOCATION OF WELL:

Name William Rueter ) c_ou_mL;J_e_ffEEs on Driller's well number

Address 25106 116th Avenue S.E. % wmSetion 29 T 95 R _15E W.M
ciiy Kent State ®Wash. 98031 Tax Lot # = Lot Blk Subdivision

2) TYPE OF WORK (check): Address at well location _none a_qsigned -

New Well ) Deepening O Reconditioning O Abandon O

1f abandonment, describe material and procedure in Item 12.
(3) TYPE OF WELL:| (4) PROPOSED USE (check):

(11) WATER LEVEL: Completed well.

200 fr.
ft. below land surface. Date 3 =28 -83

Depth at which water was first found
Staticlevel 42

Rotary Air X0 Driven ] Domestic {(J  Industnal 00 Municipal O Artesian pressure Iba. per square inch. Date
Rotary Mud O Dug 8] lrmigation X) Temt Well {3 Other e
X Bored 0 Thermal Withdrawal ) Reinjection O (12) WELL LOG: Diameter of well below casing . 10"
(5) CASING INST D:  Sieel z eis = Depth drilled 7925 ft_ Depthof completed well 225 1t
ALLED: T aded Q Waldd % Formation: Describe color. texture, grain size and structure of materials: and show
10 . +1 196 - thickness and nature of cach stratum and aquifler penetrated, with at least one entry
=" "Diam. from T.% Cftw. L7090 ft Gauge ‘250 for each change of formation. Report each change in position of Static Water Level
S “ Diam. from o ftw 0 ft. Gauge and indicate principal water-bearing strata.
" LINER INSTALLED: _____ MATERIAL Fom | To | swL
R
............ “Diam.from. ... .. ftt ... ft Gauge ... ... ... . |Conglomerate, Clay 0 22
50
(6) PERFORATIONS: Perforated? O Yes g No Sand & Gravel 22
Type of perforator used Blue Clay 50 163
Size of perforations in_by in Yellow Clay 163 | 192
_ vel ter-Bear}192 | 225| 42
................................................ perforations from .. ....... ... ft.to..............ft
............................................... perforations from...............ft.to... . ... ft
.................................................. perforations from............. ft.to............. 1t
(7) SCREENS: Well acreen installed? 3 Yes 3 No
Manufacturer’s Name ...
DY PO i Model No. ...
Diam. ....................... SlotSize ........ .. Setfrom ......... .. [ ft
Diam. ..................... SlotSize ............ Setfrom ............... I, 0 mb iyt {t
Drawdown is amount water level is lowered
(8) WELL TESTS: below static level
<" « a pump test made? yfJ Yes [0 No If yes by whom? COontractor
..ed: 250 gal/min. with 20 ft. drawdownafter 72 hrs.
" - P &
Air test ___gal/min. with dnill stem at ft. hrs.
Bailer test gal./min. with {t. drawdown after hrs.
" ‘“egian flow g.p-m.
wnperature of water  S4% _Depth artesian flow encountered ............ ft. Work ; 8-25 19 82 Completed 3-28 19 83
(9) CONSTRUCTION: Special standards: Yes 3 No I Date well drilling machine moved offof well 3 -28 19 83
Well seal—Material used ... C@M@NT ...t (unbonded) Water Well Constructor Certification (if applicable):
Well sealed from land surface to ... ..... 20 ft. This well was constructed under my direct supervision. Materials used
Diagneter of well bore to bottom of seal .14 ......... .. in and informat;j pow to my best knowledge and belief.
Diameter of well bore below sea! ... 1 Q' in [Signed] 2 < - ’ Dabe_..‘.‘_6. '19”83'
4

Was pumnp installed? . .. €S Type SUDMLHR 25 . Depth . 200 1t

Was a drive shoe used? (@ Yes [ No Plugs ............ Size: location ... ... {t.
Did any strata contain unusable water? O Yes € No

Type of Water? depth of strata

Method of sealing strata off

Was well gravel packed? [ Yes ff) No Sizeof gravel: .....................

Gravel placed from ........................ | (TR 7 fe

Bonded Water Well Constructor Certification:

Bond 630130021279 Issued by:

tnumberi Surety Compndy Name
This well was drilled under my jurisdiction and this report is true to
the best of my knowledge and belief.

Namdrvail.Buckner. Well Drilling, Inc...........

1Person, {irm ar corporation! 1Type or print)

Water Well Conmtructor

Date ........... 4 ......................... R




(\u) CASING INSTALLED: Stee = Plastic g

(-"ﬂd:

RECONSTRUCTION QF RUETER
STATE OF OREGON

WATER WELL REPORT
(as required by ORS 537.765)

PLEASE TYPE or PRINT IN INK

IRRIGATION WELL _ ]
SEP2 31985 ATfb2E 2L

/

WATER i sOuk k
CES DEepy.. A A A

SALEM, ORFGON

(for official use only)

(1) OWNER:

Name William Rueter
AddresGateway Star Rte, Box 443

City Madras State Nr+ap . 9774]
(2) TYPE OF WORK (check):
New weil (J Deepening O Reconditioning XX Abandon O

If abandonment, describe material and procedure in Item 12,

(3) TYPE OF WELL: (4) PROPOSED USE (check):

Rotary Air D Driven 0 Domestic O industrial O Municipal a
Thermal:
Rotary Mud [ Dug 0 Imigation  UX Withdrawal 3 Reinjection O
Other:

O Tem a

Cable X Bord 0 Piewometric  [J Grounding

Threaded O Welded
10 * Diam. from +1 ot 196 ft. Gnuge'....z 50
................ “Diam. from ...........ft.ta. ... ft. Gauge.. [
LINER INSTALLED:  Stee D Plastic 0
__________ Threaded O Welded ]
................... “ Diam. from .......... w0 i T GAUGE e
(6) PERFORATIONS: Perforated? 3 Yes & No
Size of perforations in. by in,
... perforations from ..., fl. L0 o ft.
................ perforations from ... flo W0 o i fL

(7) SCREENS:

Manufacturer's Name

perforations {rom ..o fl. 1O e fi.

Well screen instalied? [ Yes & No

(10) LOCATION OF WELL by legal description:

County _Jefferson  wu__ wofSection 29
9S . Range 15E Wi
{Townahip s North or South) (Range is East or Weat)

Township

Tax Lot Lot Block Subdivision

MAILING ADDRESS OF WELL (or neareet address)_S @M€ _as #1

(11) WATER LEVEL of COMPLETED WELL:

Depth at which water was first found 30 )

Static level 55 ft. below land surface. Date 9-11-
Artesian pressure Ibs. per square inch. Date

"
(12) WELL LOG:  Diameter of well below casing ... 1O ...
Depthdrilled 222 ft.  Depth of completed well 222

Formation: Describe color, texture, grain gize and structure of materials; and show thickne
and nature of each stratum and aquifer penetrated, with at least one entry for each change
formation. Report each change in position of Static Water Level and indicate princip
water-bearing strata.

MATERIAL From To SWL
unchanged..See original well lpg

Everything approved by Dick Nimrad

and Bend Watermaster,...

TYPO et masnssinns et ineee
Diam. Slot Size Set from
Diam, ..o Slot Size ............... Set from ......coovvormrennen. L.

Drawdown is amount water level is Jowered
below static level

(8) WELL TESTS:

Was a pump test made? [ Yes [t No If yes, by whom?
ft. drawdown after hrs.

gal./min. with

Air test gal./min. with drill stem at ft. hrs.
Bailer test £x 30 gal./min. with O ft. drawdown after 1 hrs.
Artesian {low g-p.m.

nperature of water Depth artesian flow encountered ......... S
(9) CONSTRUCTION: Special standards:  Yes @ No O

Well seal —Material used . C@MENt Grout .
Well sealed from land surface to
Di_Ameut of well bore to bottom of seal ......

Diameter of welt bore below sea! 10 in. .
Amount of sesling nuurinlzl‘o 8 acks Cement -215 AGJHE] t}ﬁ&%ﬁml

How was cement grout placed? Pumped_ S

Was pump installed? ... .Y €S ’!Vstme' HP 25 Depth 195 L.
Was a drive shoe used? ¥ Yes [J No  Plugs ... Size: location ... ft.
Did any strata contain unusable water? [J Yes & No

Type of Water? depth of strata
Method of sealing strata off
Was well gravel packed? [ Yes ¥J No Size of gravel: ..o,

Date work started _J_Llly__]_o—/complcud 9-11-85

Date well drilling machine moved off of well  9-11 19 8¢

(unbonded) Water Well Constructor Certification (if applicable):

d under my direct supervision. Materials used an
best knowledge and belief.

/.. Date 9_13. 19 85

This well was constructe

tiiendy L M J A ia

(bonded) Water Well Constructor Certi tion:
Bond 10596951 Tasued by:

(number) . (Surety Company Nmi
On behalf of _Buckner Pump Service for Orvail Buckr
(type or print name of Water Well Constructor)

This well was drilled under my jurisdiction and this report is true to th
(Signed) . A\ 0A.. —

(Water Well Constructor)

(Dated) ...Sept...17,.1985. . . .

Gravel placed from ..........o....oooveeeeeeeerrcens [ 307 SO fi.

NOTICE TO WATER WELL CONSTRUCTOR

WATER RESOURCES DEPARTMENT, SP*46866-6<

v vem o~ v e



RUETER DOMESTIC
WATER WELL REPORT

WELL LOG

" -

SEP 8]982 State Well No. 75//5\5

STATE OF OREGON
WATESRA RESOURCES EPTSLnue Permit No
: LEM, OREGoN
(1) OWNER: (10) LOCATION OF WELL:
Name Bill Rueter | County Jefferson Drilier's well number
Address 25106 116th Ave, S.E, % wSetion 29 T 95 R 15E WM.
City Kent StateWash, 98031| Taxlot# Lot Bik Subdivision
(2) TYPE OF WORK (check): Addrean ot well location BOTLE
New Well XU Deepening [J Reconditioning (J Abandon ()

If abandonment, deacribe material and procedure in Item 12.
(3) TYPE OF WELL:| (4) PROPOSED USE (check):

(11) WATER LEVEL: Completed well.
Depth at which water was first found? 48 ft.

Presaufé Crouted

Was pump installed? ... ... no ... Type ............ HP........... Depth

Was a drive shoe used? (] Yes ¥ No Plugs .. ......... S
Did any strata contain unusable water? K Yes [ No

Static level 25 ft. below land surface. Date 9=1~82
Rotary Air X} Driven 0 Domentic X} Industrial ] Municipal U Artesian pressure . Ibs. per square inch. Date
Rotarv Mud O Dug O Irmigntion (1 Tewt Well 73 Other L |
ty 2 Bord o Thermal Withdrawal {1 Reinjection O (12) WELL LOG: Diameter of well below casing f.QT .......
; lled 273 fl. Depth of completedwell 273 ¢
(5) CASING INSTALLED: Swel & Plasic 0 | xphdnlled Lt et el ‘
Threaded Il Welded K Formation: Deacribe color, texture, grain size and atructure of materials; and show
8 _ +2 30 250 thickness and nature of each stratum and aquifer penetrated, with at least one entry
“Diam {rom T £ St & ft  Gauge *¢ o for each change of formation. Report each change in position of Static Water level
-~ Diam. from .. ... ft. to ft. Gauge and indicate principal water-beanng strata.
- LINER INSTALLED MATERIAL From | To SWL
5. -Diam from.=1% it .273 . Gauge ..188. .. . | Brown Clay (some surface water) O | 20
Brown Cla 20 31
(6) PERFORATIONS: Perforated? ® Yes (O No Y 3 215 90"
Factory Blue Clay 1 1
Type of perforator used 715 248
Size of perforations 1 in. by 3 in. Red Clﬂ
576 ocations { 193 o 273 . Pink Claystone, Water-Bear. 248 | 255
PO perforations from .....00. 0.7 tto.......... (3
Mild Brown Lava 255 272
...................................... perforations from ..............ft.to.......... ... ft
.................................................. perforationsfrom ..............ft.to..............0t
(7) SCREENS: Well acreen installed? O Yes & No
Manufacturer’s NAIMe ... ... e
DY e Model No. ...
Diam. ... Slot Size ............ Setfrom ............... [ I T ft
Diam. ... SlotSize ............ Setfrom ............... fitto ... oo i ft
Drawdown is amount water level is lowered
(8) WELL TESTS: below static level
241'15 a pump test made? [J Yes X] No If yes, by whom?
(_ gal./min. with ft. drawdown after hrs.
" - - -
Air test 25 __ gal/min. withdrillstemat 2670 1  hrs
Bailer test gal./min. with ft. drawdown after hrs.
Artesian flow £.p-m.
54k ;
( perature of water Depth artesian flow encountered ............ ft. Work y 8=-23 1982 Completed 9-1 19 82
(9) CONSTRUCTION: Special standards: Yes O No &% Date well drilling machine moved off of well 9-1 19 82
‘Well seal—Material used . CEREDREL Drilling Machine Operator's Certification:
Well sealed {from land surfaceto ......... 30 ..................................................... ft This well w nstructed ynder my direct supervision. Materials used
Diameter of well bore to bottom of seal ... 12 in and mfonﬁﬁ:Wy best knowledge and helief.
Dismeter of well bore below seal ...... 0 ... ... in 1 1 (Signed] {Onilling g pylo
Number of sacks of cement used in well seal sacks

Drilling Machine Operator’s License No. ...... /... /.

Water Well Contractor’s Certification:
This well was drilled under my jurisdiction and this report is true to

the best of my owledgﬁ and belie
Orvai ner Well Drilling, Inc.
(Perwon, {irm or corporation)

Aoy 1 E. Negus Way

Type of Water? sSurface w, depthofstrata trace
Method of sealing strata off cased out BRG] TR e G K LG F BTN e
Was well gravel packed? [) Yes ¥)No Sizeofgravel: ... Contractor’s License No. 6OBD te.......... 9 -1-82 ............. 19......
Gravel placed from ........................ ft.to...........n ft.

NOTICE TO WATER WFELIL CONTRACTOR WATER RESOURCES DEPARTMENT, SP~ 12658-690
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OCHS IRRIGATION WELL LOG

400t Maagiriime mean mssme WUy e @ uw G WS emem -

are to be filed with the

SALEM, OREGON #7310

within 30 days from theldhER RESOURCES DEPesse trpe or print)
SALEM. OREGON ot wells stove tlis Use)

of well completion.

“WATER WELL REPORT
water resources peparTMERE B D 1979  sTATE OF OREGON

State Well No?s~/~/‘é-éj“yc

State Permit No.

(10) LOCATION OF WELL:

_ 71
@) TYPE OF wonx (check):

New Well m Deepening O Reconditioning O
1f abandonment, describe material and procedure in Item 12,

(3) TYPE OF WELL: |{4) PROPOSED USE (check):

Rotary Driven O
Cable Jetted [J
-l_)y O Bored O

{ CASING INSTALLED:

Abandon (O

Domestic [J Industrial [J Municipal O
Irrigation & Test Well [J Other 0

County jEF[-T KSOM Driller's well number
)' .é', Ve :E,LQV. Section 80 T. ([ ‘5 R__ /Y E. wa

Bearing and distance from section or subdtivision corner

(11) WATER LEVEL: Completed well.
Depth at which water was first found
Static level ch WA G

Artesian pressure ,

_Red t
ft. below land surface. Date /\’(’ - Z

1bs. per square {nch. Date /p ,é -
1 7

(9) CONSTRUCTION:

Well seal—Material used ... ... CEmE 7
Well scaled from land surface 0 .................on 40 T { O}
Diameter of well bore to bottom of seal . ... I‘ ......... in

Diameter of well bore below seal ./J».

Number of sacks of cement used in well seal . ... £7 ......... sacks

Was a drive shoe used? (J Yes ﬁ No Plugs ... Size: location ... .. £t

Did any strata contain unussble water? [J Yes ﬂ No

Type of water? depth of strats

Method ©f sealifig strata off

Was well gravel packed? [J Yes ! No

Slze of gravel:

L4
:Z + méczd D Weide Ol (12) WELL LOG: Diameter of well below casing /J— .
,/ 4..” Diam. from .. _45\ ft. to ... f L. tt. Gage . L0 Depth drilled 2 /0 . Depth of completed well ‘7'8/{, ¢
..~ Diam. from proe. Sy GGt
. Formation: Describe color, texture, grain size and structure of material:
---------------- Diam. from . ft. Gage ...owwww ) and show thickness and nature of each stratum and aquifer penetratec
with at least one entry for each change of formation. Report each change |
{;'_:-: PERFORAT]ONS: Perforated? [J] Yes ‘ No. position of Static Water Level and indicate principal water-bearing strats
Type of perforator used MATERIAL From To SWL
Stze of perforations in. by fn. i,. f et ‘ 0 /
e et perforations from ... Po o > YR N IV AV AT 4 L/\ DLK v é/\’f‘ ‘('/ (L A/ / j‘
. perforations from ... o 0 i £t bl LK ¥ [ L['i Cpoflesy _3 / é‘i(
crcecereeeeceeno. peTfOorations from ft. to s gﬂ‘ R i /J o .UE ‘. A([’ /1 /2{[ / ]’C
— al ; , ] - x
WA LE K- Lf./‘-,é(&'; Fuil Fely V790 X0
(7) SCREENS: Well screen installed? [J Yes JR No
Manufacturer’s Name
Type Model NO. oo e
Diam. ........... Slot sfze ... __ .. Set from G S5 *. SR ft
Dism. ... .. Slot gize ... Set from it o= = gaTH ft
WEI TESTS: Drawdown fs amourtt water level is
(8) L ° lowered below static level
Was a pump test made? [ Yes h No If yes, by whom?
Yield: gal’/min. with ft. drawdown after hrs.
- B -
(Frow/Ws-) : :
el
Bailer test gal./min. with ft. drawdown after hrs.
Artegian flow gﬂ ¢ gpm.
- -’ -
'& perature of ‘utuﬁnepm artesian flow encountered al?_o ft. | work started ?" )\7 19 7yCompleted / - A0 19 7‘
Date well drilling machine moved off of well 2- 6 19!

Drilling Machine Operator’s Certification:

This well was constructed under my direct supervision
above are true to my

Materials used and lnﬂox;matxon re
best knowl belie
(Signed] . 1 /é; ﬂ:»n é :/mw Date . 974 1077¢

Drilling Machlne Operator's License No. ..

Water Well Contractor’s Certification:

This well was drilled under my jurisdiction and this report is
true to_the best of sy knowledge and belief,

Nemel 2L WAL DUCHMEL | .f..é..../..!:J/‘lel"L Hi

(Persoa, firm

corporation)

AL Dwmz:";ﬁ

[Signed] ==



BAUER DOMESTIC WELL LOG

TheVriginal 4na 11kl cCUpY Of Uus repurt
, *  areto be filed with the /') ~ WATER WELL REPORT /

WATER RESOURCES DEPARTMENT./” ) I STATE OF OREGON state wen No. . & lISE - 19 da

. SALEM, OREGON $7310 ’ [ ~,(Please type or print)
within 30 days from the date /’ State Permit No. . . .
. of well completio "A ~. (bo ‘,a write above this Iine)
‘lf‘ 3 - o
(1) OWNER: Sogn T (10) LOCATION OF WELL:

Name FL O s . County I L'_ Ef__l_ Driller's well number L

Address JAT(C p_;ﬂj Rovl&E_ 3 g == ﬂjﬂ % SE viseton (I 1.9 Rr_[§TL W.M.
MADINS  PUIL  92T4(

(2) TYPE OF WORK (check):

Bearing and distance from section or subdivision corner

New Well@ Deepening O Reconditioning [J Abandon [J e E VI -

If abandonment, describe material and procedure in Item 12, (11) WATER LEVEL: Completed well

(3) TYPE OF WELL: (4) PROPOSED USE (Check): Depth at which water was first found Z/ _2 o

g::;:y é JDCT;? 8 Domestle Q1 Industrial [} Munictost © | Stetls tevel 20 11 bt’low land surface. DateF £ I‘{al?ﬁ(’
Bored (J Irrigation @ Test Well [J Other D | Artesian pressure Ibs. per square inch. Date

(5) CASING INSTALLED: 'rhrea‘ded O Wcldcd('t?‘ W | (12) WELL LOG: Diameter of well below casing A€ _A3% .
JL " Diam. trom QO St to ] .t Gagea ' WH Dewth driled ?577 ft. Depth of completed well ,3‘3‘0 "
................ “ Dfam. from . Lo ft.to . ... ft. Gage . .. R )
Formation: Describe color, texture, grain size and structure of materials;
s ~ Diam. from ... ... ft. t0 ... ft. Gage ... and show thickness and nature of each stratum and aquifer penetrated,
with at Jeast one entry for each change of formation. Report each change in
(6) PERFORATIONS: Perforated? [J] Yes 6’“0' position of Static Water Level and Indicate principal water-bearing strata,
Type of perforator used MATERIAL From To SwWL
Size of perforations tn. by in. SAND Y 5 IS (" J?
........................... ... perforations from ..o £ 80 i i £ ol 1 CLAY 3 Y
s perforations £rom ........ccooocen £ 8O L £, HA RDJ# LL " w dLA Y S fC‘N ( % 3 7
................................ perforations from ... £ 80 oooooresereoeene. L. <= 8L ¢E b X7 S¥
S TAN (8N h I’ 14
(7) SCREENS: Well screen installed? [ Yes (Do e = BBy " 74 (€ (
Manufacturer’s Name ... SOOI S S S - e TAN " v {2,
b o - SUNNE ¥ 2-0:S 1B XS . BLUE ~GREEM <\ /1722 120
Diam. ... Slot size ... Set £rom ..o 0 e ft. « GREEN < (20 | 13¢
Diam. ... SIOt SZ€ ... SEt ATOM oo $8 40 o ft. ¢t BLOE -CREEN 139 1143
SOFT yELtew RHYOLIT E[143[169
(8) WELL TESTS: ﬁﬁfﬁﬁﬁxfwﬁﬁﬁelﬁm}fx!; HA R uC L ow LLAY SToNVE | J oy |I66
) Was a pump test made?@ch [0 No If yes, by whom? ABRA S tC /?HV(JLITL‘ lLé ’77
L\ eld: 'jé' a gal./min. with /‘70 ft. drawdown after j nrs. |HARD @+¢ & GRELWN clLRAY sfovél 129 21%
- - - = LY GRowW N {y 1lg (22 3\
. . . — | <« BBLOE QREEN “ 2221734
BLUE QREEN RHyQLITE 234 (253
Baller test gal./min. with ft. drawdown after hrs. TAN é i Ay 253 ..2’_6
( testan flow g.p.m. RED RH'YOL( TE 26&|125%
Temperature of watcré() Depth artesian flow encountered ... ft. | Work n-..ned ﬂ‘)y 2 187 ? Completed FEB 16 1980
(9) CONSTRUCTION: Date well drilling machine moved otf of wellMARCH 3 1980

Well seal—Material used .. ... C—EM‘:—N T [T o Drilling Machine Operator’s Certification:

Well sealed from land surface to ... ... 'LD ........ . G e B { & Mat.e'l;‘lllﬁs Ygﬂdw::dc?:!s;;u:&nuxgﬁ gg;::ta:eumgvgx%;

Diameter of well bore to bottom of seal /é ........... in. best knowl e and belief.

Diameter of well bore below seal .. ... . J.D. . .. in. [Signed] <25 anrence f G“JJZ‘ D&tﬁ/’”é, 19. fo
Number of sacks of cement used in well weal . -2 ................................. sacks ; (Oriiin. Machine Operatar) /

How was cement grout placeas W (TH GR6OT™ Py M 1> | Drilling Machine Operator’s License No. ...l

Water Well Contractor’s Certification:

This well was drilled under my jurisdiction and this report is
.............................. s | g 't the best of my knowledge and belief.

Was a drive shoe used? (J Yes 010 Plugs ... Size: location ... 1t. ﬁ W‘ZL‘ N ﬁ‘_ A AL - S K {
Did any strata contain unusable water? (J YetﬁNo """ (Person, firm Oreo'rpon.cr-prln()
Type of water? depth of strata Address 7q /“q ...... [ "AD

Method of sealing strata off

Was well gravel packed? (] Yes (fPNo Size of gravel: ...
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BAUER DOMESTIC WELL LOG (CONT.)

The original and first copy of this report
. are to be filed with the

WATER RESOURCES DEPARTMENT.
SALEM, OREGON 97310
within 30 days from the date
of well completion.

WATER WELL REPORT

STATE OF OREGON
(Please type or print)

State Well No. CZ5//51_‘: —IQCIC‘

State Permit No

(Do not write above this line)

(1) OWNER: .
Name FLOJ D jRLE ,? —
Address _QM TLIY U =0

(2) TYPE OF WORK (check):
New Well [ Deepening O Reconditioning [

If abandonment, describe material and procedure in Item 12.

(3) TYPE OF WELL: | (4) PROPOSED USE (check):

Rotary [ Driven [J

Abandon (J

Domestic [J Industrial [J Municipal O

Cable O Jetted O
( O Bored (O Irrigatfon [J Test Well [0 Other O
(5) CASING INSTALLED: Threaded [] Welded O
~ Diam. from . . S ft. to ft. Gage
.....7 Diam. from . ft. to e oo . It Gage .
( ........ ~ Diam. from ... ... L O ... o ft. Gage .. ...

(6) PERFORATIONS:

(10) LOCATION OF WELL:
county N3 EF IF_

Driller's well number

PR 1% Section . r _ R WM.
Bearing and distance from section or subdivision cormer

(11) WATER LEVEL: Completed well.

Depth at which water was first found 1.
Static level ft. below land surface. Date

Artesian pressure Ibs. per square inch. Date

(12) WELL LOG: Diameter of well below casing

Depth drilled ft. Depth of completed well 1t

Formation: Describe color, texture. grain size and structure of materials;
and show thickness and nature of each stratum and aquifer penetrated.
with at least one entry for each change of formation. Report each change in
position of Static Water Level and Indicate principal water-bearing strata.

Was well gravel packed? (J Yes [ No Sire of gravel:

Type of perforator used MATERIAL From To SwWL
Size of perforations tn. by in. HAR 0 54, 7AW, | LAY 25% 2€ ry
T -~
. perforations from ... ftoto . oo n |HARD GREY JLpySTONE 265 1271
perforations from ... £ 80 oo, rt GiyE GREELN ﬁ’H\/D LiTg 11|27
........................ ..... perforations from ..., £ 0 i £ 7A 0’4 i 2 7, YF
RED « 283 2§68
(7) SCREENS: Well screen installed? [] Yes [J No ~AN w 2%% (293
ManuUfACtUrer's NAME ... oo sossmsessiss oo esessseensoss: Niv ) ‘N 293 (2y{
Type wmmrmirie. Model No TAN N 241 350
Diam. ... Slot slze ... Set from ... ft. to ... ft.
Diam. ... Slotsize ... Set from ... ft. o f1.
~ TN Pt e s i
WE . Drawdown is amourt water level is - -
(8) LL TESTS: lowered below static level v, L Lt
Was a pump test made? [J Yes [] No If yes, by whom? . s s
v [N
gal./min. with ft. drawdown after hrs. : il
. - o’ » Y/ bt DEET
T SN A SR et ala s |
- - = - —Hr— WY
Baller test gal./min. with f£t. drawdown after hrs.
<
& tesian flow g£.p.m.
Temperature of water Depth artegian flow encountered ... ft. Work started 19 Completed 18
b4 1 19
(9) CONSTRUCTION: Date well drilling machine moved off of we
Well seal—Material used ... ... Drilling Machine Operator’s Certification:
This well was constructed under my direct supervision.
Well 1 N f
ell sealed from land surface to R . . . . ft. Materials used and information reported above are true to my
Diameter of well bore to bottom of seal ... ... . in. best knowledge and belief.
Diameter of well bore below seal .. ... .. . ... in [SIBNEA] oot e Date .....ccceiinnnn. L1980
Number of sacks of cement used In well seal .. ... ... .. . sacks ! ing Machine Operator)
. How was cement grout placed? Drilling Machine Operator’s License No. ...
Water Well Contractor’s Certification:
This well was drilled under my jurisdiction and this report is
................... true to the best of my knowledge and belief.
Was a drive shoe used? [J Yes [J No Plugs ... Size: location . 1t
Name
Did any strata contain unusable water? [J Yes [J No
Type of water? depth of strata Address
Method of sealing strata off :
[Signed]

(Water Well Contractor)



OCHS TEST WELL LOG -- SEC. 17

A Vgt e aeias Ny e seeie s
are to be filed with the
WATER RESOURCES DEPARTMENT.
SALEM, OREGON #7310

within 30 days from the date
of well completion.

APR27 19/

v

L REPORT

- RECETYED.

(Pleue type or print)

REGON State Well No. Mq*s_*//gE'___n

State Permit No.

t.c above this line)

! DERT.
A4 =188 i
(1) OWNER: SALEM. OREGON | (10) LOCATION OF WELL:
fame RoONald B, Ochs County Y€Lferson  puiers welt number D-219-79
Address Gateway Rt. Box 2481 e 14 Section 17 T. 9s R. 15e W.M.

Madras, Oregon 97741
(2) TYPE OF WORK (check):
New Wellﬁ Deepening O] Reconditioning O
1f abandonment, describe material and procedure in Item 12,

(3) TYPE OF WELL: | (4) PROPOSED USE (check):
Rotary )b Driven D

Absndon (J

Cable O Jetted O Domestic [] Industrial {J Municipal (O
Dug O Bored O Irrigation () Test Well DF Other ")
{ CASING INSTALLED: Thjsaded O Weldea 5250
.“ Diam. from ft. to ... ft. Gage o g
......... “ Diam, from ft. to ... . Gage
.................. “ Diam. from ... fl. to . fr. CGlge oo o,

(i PERFORATIONS:

Bearing and d;%%u {from uiuon or subdivision corner
Y&éa

(11) WATER LEVEL: Completed well.

Depth at which water was first found 12 11,
20 £t. below land surface. Date 4“’%"7&9

Artesian pressure

Static level

1bs. per square inch. Date

(12) WELL LOG: Diameter of well below casing ... 8"
780

Depth drilled 148

1. Depth of completed well

Formation: Describe color, texture, grain size and structure of materials:
and show thickness and nature of each stratum and aguifer penetrated,
with at least one entry for each change of formation. Report each change in
position of Static Water Level and indicate principal water-bearing strata.

Type of perforator used MATERIAL From To SWL
Size of perforations in. by in. Cﬁy brown 12
.. perforations from ... [ (- T e, ft. gravel 12 30
claystone brown 30 180
.. perforations from ... ft. t0o . £t 80 100 20
............................... perforations from ... B0 i T ClayStone SERY water
chy broken rock decopose¢i100 (145
(7) SCREENS: Well screen installed? [J Yes 51‘10 cl ay blue 145 1280
Manufacturer's NAME ..o erie e B X B X KR Y X A RX YRR X XK R
TYPC ot Model No. . disrite green hard 280 {310
DIam. oo SIOU 8128 ... S€t LTOM oo £ 80 e 1t diorite fracture,water 310|318 | 20
Diam. ... Slot size .._..... Set YOM oo N e I t diorite green 318 {400
(8) WELL TESTS: Drawdown is amourrt water level is ClayStone blue 490 509
lowered below static level clavstone brown 509 1587
Was a pump test made? [] Yes 6 No If yes, by whom? claystone blue 5871655
Yield: gal./min. with fr. drawdown after mrs. | Clay red 695 1780
( AIR ROTARY . p 415 9,94 - a
Baller test gal./min. with ft. drawdown after hrs.
Artesian flow g€pm.
L verature of water Depth artesian flow encountered ... ... 1t Work started 4-16- 1979 Completed 4-19 1979
in d off of well 4-19- 1879
(9) CONSTRUCTION c Date well drilling machine moved off of we
Well seal—Material used ... ... ey nt ..... Drilling Machine Operator’s Certification: ..
well . 35 This well was constructed under my direct supervision.
ell sealed from land surface to .. ... A L Materials used and information reported above are true to my
Diameter of weil bore to bottom of seal g in best knowledge an jef.
Diameter of well bore below seal .. .. ... ... in. {Signed] . Rao'as 2]
Number of sacks of cement used in well seal ... . ... 3 S sacks “{ 3 PR Fferatos

Was a drive shoe used? 5Ye| O No Plugs ...
Did any strata contain unusable water? [J Yes ﬁ No

Size: location . ft.

Type of water? depth of strata

Method of sealing strata off

Was well gravel packed? (] Yes %] No Size of gravel:

Drilling Machine Operator’s Lice

Water Well Contractor’s Certification:

This well was drilled under my jurisdiction and this report is
true to the best of my knowledge and belief.

Fane S & M DRILLING & SUPPLY, INC,
________________________________ MG 8 SUEPLY, INC. .
38 Walhute St. Canby, Or. 97



OCHS TEST WELL LOG --SEC. 21

The original and Hirst copy ot this report
are to be filed with the

WATER RESOURCES DEPARTMENT,
SALEM, OREGON 97310
within 30 days from the date

- of well completion.

WATER WELL REPORT

BTATE OF OREGON
(Please type or print)

State Permit No.

(Do not write above this line)

(1) OWNER:
Nlm-c Ren Ochs
Address Gateway Star Route

—__ Hadras, Oregon 97741
(2) TYPE OF WORK (check):

New Well X

Deepening T3 Reconditioning )
1f abandonment, describe material and procedure in Item 12

(3) TYPE OF WELL: | (4) PROPOSED USE (check):

Abandon [J

(10) LOCATION OF WELL:
County Jefferson

14 14 Section

Drilier's well number e
20 1. 95 R._15E

Bearing and distance from section or subdivision comer

(11) WATER LEVEL: Completed well.

Depth at which water was first found 250 {t

ot
c:;:y g ?:t:’n 8 Domestic [J Industrial [J Municipal [ Static level 20 ft. below Jand surface. Date 8—6—79
B“" 0O  Bored O Irrigation (J Test Well | Other O | Artestan pressure Ibs. per square inch. Date
\, CASING INST :
( )5 S ALLED Threaded [ Welded 2D$8 (12) WELL LOG: Diameter of well below casing 8“ X
............... Diam. from . .+1. . #t. t0 .19....... 1. Gage «.&29. . Depth drilled 200 . Depth of completed weil 800 .
" Diam. from . ft. to . . Gage
- Formation: Describe color, texture, grain size and structure of materials:
s Diam. from 10 Gage .............. | and show thickness and nature of each stratum and aquifer penetrated,
‘ . with at least one entry for each change of formation. Report each change in
(b‘.l. PERFORATIONSI Perforated? O Yes $) No. position of Static Water Level and indicate principal water-bearing strata.
Type of perforator used MATERIAL From To SWL
Stre of perforations in. by in. Brown Clay Stone 0 3
- ivieiienen.. petforations from . f£t. to . ft Lt' Tan Sedinent R°Ck / 3 &3
et e, PET{OFAIONS FIOM ..ooecoroveeeoeer . £ %0 . . | White Cleachy 43 47
v PET{OTAUONS XOM oo, £ 10 .ot nid « | Brown Sandstene Conglomerate | 47 31
Sediment Rock-Brown S1 1 210
(7) SCREENS: Well screen instalied? [J Yes [X No Dk. Brown Sandstome Conghomer{ 210 | 250
Manutacturer's Name ... Black Sandstone 250 | 350
Model NO. i Brown Clg.yttole Cogglc-g:g;e 350 3%9
woeemne. Slot stze Sediment Rock, Tan & Hgrd 390 | 460
dam. ... Slot size Hard Brwn Clay with Grm Congl.| 460 | 640
Brown Hard Clay 640| 80np
. D do is urrt ter 1 11s
8) WELL TESTS: loc:redalow.:nuOUC levwc.l .
Yas a pump test made? [ Yes B No If yes, by whom?
T gal./min. with ft. drawdown after hrs. - “A‘ k“: fm‘T’J ‘lw :T" !::4
S Blow Test—~ 50 GPM " : Zn =T
OTSSEE B TR WAS
- - - - LA e 00 SRR S S0 n e g
ailer test gal./min. with ft. drawdown after hrs. Vwaten ReSCGUrRCES DEPT
~esian flow g.p.m. SALEP\L OQEGON
.perature of water G%th.h artesian flow encountered ............ ft Work started 3"22 19 79 Completed 8"6 19 79
') CONSTRUCTION: Date well drilling machine moved off of well 8- 1979
‘Il seal—Material used cen ......... Drilling Machine Operator’s Certification: L.
1 1 This well was constructed under my direct supervision.
!l sealed from land surface to -1t [ Materials used and information repo above are true to my
imetgr of well bore to bottom of seal ... 8  n best knowledge and belief.
imeter of well bore below seal 8 in i /l y / 3-8 79
................ T (Signed] .44l %2 " I (A /¥ Date ... -..To.., 1900
mber of sacks of cement used in well seal . ... 8 . sacks Dt mch@e o"’u.l 5‘/\:}
w wis cement grout placed?  Presgure greut Drilling Machine Operator’s License No. ... B e
Water Well Contractor’s Certification:
This well was drilled under my jurisdiction and this report is
- PO . - e e e e e e u_ue w u‘e best 0! m knowledge md beuet‘
i a drive shoe used? [J Yes I No Plugs ... ... Size: location . .. .. ft.

any strata contain unusable water? [J Yes [X No

e of water? depth of strata

hod of sealing strata off




APPENDIX II

TEST DATA



DATA FOR OCHS/RUETER AQUIFER TEST
RUETER IRKRIGATION WELL FPUMPING WEL.L DRAWDOWN DATA

PUMP IS A 25 HP SUBMERSIBLE AND DISCHARGE WAS MEASURED 8Y FLOWING
THE WATER OVER A 24" RECTANGUL.AR WEIR
TIME SINCE PUMPING STARTED

WL BEILOW DRAWDOWN

ot
1t

DATE T1ImME t M- s REMARKS
{MIN.) {(FT.) (FT. 3
103/ 7/87 1200 36. 00 ~4.. 76 PRE--TEST DATA
10/13/87 1250 31.78 -.5a4 PRE-TEST DATA
1252 31.77 -. 53 PRE~-TEST DATA
2001 21.60 -. 36 PRE-TEST DATA
1Uf14/87 s08 31.35% -.11 PRE~-TEST DATA
B4 31.30 -. 06 PRE-TEST DATA
Q27 31.29 -, 05 PRE-TEST DATAH
955 31.26 ~. 02 PRE-TEST DATA
1000 0 31. 24 .00 FPUMP ON!
1000, 5 5 43.18 11.94
1001 1 44 . 60) 13.36
1002 z G4 . 46 3. 22
1003 3 L4 .52 13.28
1004 4 44,38 13.14
1005 5 [RAENTYA 13.10
1007 7 “a .31 13.07
1009 9 44 .39 13.15
iull i 45,90 l14.66
1013 I3 5. 97 14 .73
1015 15 6. 10 14,36
1017 ka2 46 .08 14,84
1020 20 a6t .12 14,88
1024 24 45 . 84 14 .60
1028 28 e g 14.47
10352 S 5.7 14.53
1036 36 5. 83 14.59
1040 4] 45,81 14.57
1144 44 45,91 14.67
1048 a8 45,930 1466
1052 o, a6, 00 14.77
1056 56 a6 12 14.88
11100 &0 4ab. 12 14 .88
1110 70) L6 .29 15.05
1120 23U 46, wl) 15,16
1130 SU Gt 6 15.45
L1al 111 i, 77 15.53%
1150 1140 LE .61 5087
1200 120 Ltz 65 15. 4]
1220 140 a6 86 15, &2
1241 16 &7 . 1'2 15.88
1300 180 LFEBRB 1e.19
1320 2130 4a7.51 16.27
1340 220 47 .66 16, 42
1400 241 &7 *7 16.53
1420 260 47 .90 16. 66



DATA FOR OCHS/RUETER AQUIFER TEST
RUETER IRRIGATION WELL PUMPING WELL DRAWDOWN DATA

FUMP IS A 25 HP SUBMERSIBLE AND DISCHARGE WAS MEASURED BY FLOWING
THE WATER OVER A 24" RECTANGULAR WEIR
t = TIME SINCE PUMPING STARTED

WL BELOW DRAWDOWN

DATE TIME t MP S REMARKS
(MIN.) {(FY.) (Fr o)

10/14/87 1433 278 43.01 16.77
1500 300 48 42 17.18

1530 330 ad a3 17.25

1600 360 48,59 17.35

1700 4210 49 .01 17.77

isoa 4.5¢) WS .72 18.48

1857 537 50.25 19,01

2108 668 0392 20.68

10/15/87 30 370 53.14 21,930
350 1070 54 .34 & 23.10

712 1272 55.17 23.93

8500 1320 55.38 24 .14

200 1330 55. 80 24.506

Qa4 1426 55. 84 24 .60

359 1439 55,20 24 .66

1000 1440 PUMP OFF !



DATA FOR OCHS/RUETER

RUETER IRRIGATION

WEILL

PUMPING WELL

AQUILF

ER

RECOVERY DATA

PUMP IS A 25 HP SUBMERSIBLE AND DISCHARGE WAS MEASURELD BY FLOWING
264" RECTANGULAR WIER

WATER OVER A
t = TIME SINCE PU

DAaTE TIiME

10/15/87 1000
1001
1001
1002
1003
1004
100us5
1006
1007
1008
1009
1010
10172
1014
1016
1018
1020
1023
1026
1029
1032
1035
1040
1045
1050
105%
1100
1110
1120
1137
1153
1230
1333
1400

10/16/87 1251

11/16/87

MPING 5T

%
(MIN. )

1adany
1441
Jadi

ladiad
1443
lddaa
1445
1446
1447
1448
1442
1450
1452
1454
1456
1458
1460
1463
1466
1469
1472
1475
14811
1455
1430
1495
1500
1510
1520
1537
1553
15390
1653
16al)
3111

AHRTED

>

2
(MIN. )

(G

N e

oA

O N

10

14
16
18
20
25
26
29

Y
S

35
AN
a5
sa

-
o)
70
aYul
L7

150
213
24.0)
1671

£ =

TIME

SINCE PUMFING

WL BELOW RESIDUAL
DRAVDOWN

/v’
("

2881
1441
7727
a8l
361
283
241
207
181
161
145
121
104
91
S1
3
&4
56
51
46
4.2

-
[

23
30
27
25
22
19
16
la

MP
T.

)

42
[
4.

4l

4.

40
40

a0

40
au
40
(A
4.0

40

0.
a0
40.

4.

40

40.
0.
39 .
39.
39.

3907

39.
39.

39.

50
71
25
(WE
D5

.83

30

=
)

70

a1

33

. 8%

(FT.)

11
10.
10.

<2

e

¢

e O 0N 0

Co 0o (o €0 0o (000 (o (000 C

NN N N

oy

26

a7
01

22

.71
64

.56

.51

4

Gl
Y4
.54
.24
18
A
R
.03

REMARKS

rJ \J P" ‘:’.'.‘

STARTED

OFF !



DATA FOR OCHS/RUETER AQUIFER TEST

RUETER DOMESTIC WELL OBSERVATION WELL DRAWDOWN DATA
DISCHARGE = 200 GPM DISTANCE TO PUMPING WELL (r) = 2150 FT.
t = TIME SINCE PUMPING STARTED

WL BELOW DRAWDOWN

; DATE TIME t MP ) REMARKS
| (MIN. ) CET.Y (Fr1.)

V107 7/87 1200 40,15 -4 .66 PRE-TEST DATA
y10/13/87 1409 36, 0 —-.51 PRE-TEST DATA
| 1943 49 .95 ~14.46 DOMESTIC USE
C1U/14/87 &00 35.55 ~. 06 PRE-TEST DATA
: D55 35.53 -.04 PRE-TEST DATA
! 1000 O 35,49 .00 PUMP ON

: 1003 5 25,48 ~.01

: 1010 10 25,50 .01

: 1018 15 35.55 .06

| 1020 20 S.61 L1z

| L2s 25 35.67 .18

; 1030 30 3I5_74 .25

: 10325 35 25.82 .33

| 1040 40 25,87 .38

: 1065 4% 3%, 90 A

; 1050 50 35,99 .50

: 1055 55 36,04 .55

| 1100 o0 36,10 .61

| 1110 70 36,21 .72

: 1120 80 26 .34 .85

i 1130 =Th| 36.41 .92

i 1140 100 36.52 1.03

| 1150 110 36, 02 1.13

: 1200 120 36.71 1.22

: 1215 138 36. 86 1.37

: 1230 150 36,99 1.50

i 1245 165 37.1% 1.63 DOMESTIC USE
: 1253 173 42 .90 7.41 B 1251 HOURS
: 1256 176 47 .90 12.41 DOMESTIC USE
; 1309 189 52,9 17.41 DOMESTIC USE
| 1329 Z0Y 54. 74 19.25 DOMESTIC USE
: 1332 212 42 .30 7.41 DOMESTIC USE
: 1345 225 38,32 2.83% DOMESTIC USE
| 1415 255 8. 05 2.54

: 1447 R I8 1A 2.69

. 1519 319 238 2.89

| 1600 360 3R . K3 3.14

| 1706 G2 2. 01 3.52

' 1813 63% 394D 4. 00

| 1912 553 39,87 4.3

i 2117 &77 4. 65 5.16

L 10/15/87 40 880 41.75 &.26

: 354 1078 L. 75 7.26

i 719 127 63,59 8.10

: 822 1342 L6 . 88 11.39 DOMESTIC USE
: £40 1360 . &.79 DOMESTIC USE
: 917 1397 GG .17 8.68

: 1000 1440 bb .27 8.78 PUMP OFF



DATA FOR OCHS/RUETER AGQUIFER TEST

RUETER DOMESTIC WELL OBSERVATION WELL RECOVERY DATA
DISCHARGE = 200 GPM DISTANCE TO PUMPING WELL (r) = 2150 FT.
t = TIME SINCE PUMPING STARTED t’> = TIME SINCE PUMPING STOPPED

WL BELOW RESIDUAL

1]

: DATE TIME E e L/t M DRAWDOWN REMARKS
| (MIN. ) (MIN. ) (FT.) (FY. )

1

10/ 15/87 1000 144l @) PUMP DFF
| 100 14.50) 10 145 Gd .26 &.77

) 1020 1460 20 73 4415 866

\ 1025 1465 25 54 AN &.61

: 1030 1470 30 ) aéd .Qzw &.53%

: 10465 1485 a5 23 a3 .89 FAAN

' 105 S 1495 565 27 43,77 &. 28

) 11060 1500 &0 25 W37« 82.23

i 1110 1510 710) 2% a3, 62 813

' 1120 15720 80 19 Q3. B &. 06

: 1130 1530 20 17 43 4h 7.9%

| 1240 1540 100 15 463,35 7.86

| 1237 1597 557 10 Lz BT 7.38

| 140 1689 249 Vs “2.32 6. 83

10 /16/87 LaQiz 2122 1687 Z 364,78 1,29

VL1 /1ée/87 2912



DATA FOR OCHS/RUETER AQUIFER TEST

OCHS IRRIGATION WELL

DISCHARGE = 200 6PM
t = 111

ME SINCE PUMPING STAR

10/ 7/87 1200
10/13/87 1415
1943
13/ 16 /a7 252
1000
1009
1010
1012
1014
1015
1016
1017
1018
1019
1020
1022
1024
1025
127
1028
1029
1030
1032
1034
1036
1038
1040
1062
1044
104.6
10148
1050
1055
11010
11U5
1110
1115
1120
1130
113%
1140
1150
L2200
12110
1220
L2230
1240

(MIN.)

1%
20

s
Z2 &

OBSERVA I LON WELL

DISTANCE

TED

WL BELOW

M

[FT..]

ANV
NN

NORY RN
N

NI
-GS

)N
&

g e

~

26 .
24,
26 .
24 .
24..

4. D4

SO

38

o Gl
aial
L b
87
.68

LK

© oy

L6
.70
.74
L PE

.8

. P4
- [—‘J (’,;

=L

ol tl

-

-

LG 6

56

TO PUMPING

ODRAWDOWN

SRRV N BRI N
— OO

,
,
~

wo— &0 W
~ GO

DN

L4

L18

e

e

PSRN
nCu

{

.91

.57
.61
S
.75

G

~

DRAWDOWN DATA

WELL (r) = 33270 F7T.

[«

FRE-TEST DATA
PRE~TEST DATA
PRE-TEST DATA
PRE-TEST DATA
PUMP 0N



|
i
!
'
t
I
)
]
[}
]
i
'
|

DATA FOR OCHS/RUEZTER AQUIFER TEST

OCH3 IRRIGATION WELL oBst

D
t

ISCHARGE =

200 GPM DIST

= TIME SINCE PUMPING STARTED

10/14/87

10/15/87

(MIN. ) (F

1250 170
1300 180
1328 208
1410 250
1add 284
1515 SLH
1525 325
1557 357
1702 427
18043 L AE
1917 557
21z2 58

45 A85
407 108
723 1283
a9zl 1403)
H55 1436
1000 1440

RVATION WELL DRAWDOWN DATA
ANCE TO PUMPING WELL {(r) = 3370 FT.
BEL.OW DRAWDOWN

M s REMAfIS
v.) b F T )

25.65 1. 5%
25.77 1.64
2613 2,080
26. 41 2.2/
26 .65 2.52
26 .85 Z.75

27.05 2.92
27.15 .02
27.61 3.48
27.993 3. 86
28 .44 4.31
29020 5.07
20,30 HL1l7
3L.25 7.1z
$z2.07 7 .94
S2.54 s.41
32.65 8.52
ST it 8.53 PUMP OfFr 1



DATA FOR OCHS/RUETER AQUIFER TEST

OCHS IRRIGATION WELL OBSERVATION WELL RECOVERY DATA ,
i
]

{DISCHARGE = 200 GPM DISTANCE TO PUMPING WELL (r) = 3370 FT.

vtk = TIME SINCE PUMPING STARTED t’ = TIME SINCE PUMPING STOPPED!
i WL RESIDUAL :
: DATE TIME t t’ t/t’ BELOW MP DRAWDOWN REMARKS |}
: (MIN.J (MLIN.J (FT.) (FT.) :
U/ 1e/87 1000 1440 O 32.66 2.53 PUME OFF Y
; 1001 144 1 1441 32.66 8.53 '
| 1002 1442 2 721 32.66 8.5%

H 1003 1445 3 481 32.66 8.53 H
| 1004 ladd 4 361 32.67 8.5 i
, 1005 1645 ) 289 3I2.67 8.54

: 1006 laa6 6 241 32.68 &.55

X 1007 1447 7 207 32.68 a&.5 i
| 1008 1448 8 181 32.68 &.5%

X 1009 14493 3 161 32.68 8.55% '
; 1010 1450 10 145 2.68 8.55 ;
X 1012 1452 12 121 32.68 8.55 ,
§ 1013 1453 13 112 32.67 &.54 )
‘ 1014 1454 14 104 I2.67 &.54 X
: 1015 1455 15 7 32.66 8.58

' 1016 1456 16 91 32.66 8.53%

X 1017 1457 14 86 I2.65 a8.52

: 1018 1458 18 81 32.65 8.52

' 1019 1459 19 77 3I2. 64 &.51

X 1020 1460 20 73 32.64 8.5

| 1021 1461 21 70 32.63 &.50

: 1022 14672 22 66 32.63 8.50

) 1023 1463 23 &4 32.62 8.49 1
. 1024 la64a 24 &1 32.60 8.47

| 1025 1465 25 59 32.59 &. 46 X
: 1025 IR T 26 56 32. 59 8.46 ‘
\ iUz 1467 27 S 32.58 O e |
i 1025 1468 28 52 2.58 Ho4S .
| 10273 1462 29 51 32. 56 &.43 i
; 1030 14 700 30 42 32.56 B3.43

. 1032 1472 22 46 32.55 &.42 i
i 1054 14 74 34 43 32.53 8.40

i 1036 1476 36 41 32.51 .58

: 1038 1478 38 39 32. 49 8. 36

| 1040 14.5(0) 40 2 32.48 .35 :
: 1045 1435 o5 33 32. 4k & .31 X
‘ 1050 1490 & 30 I2.39 & .20 |
: 1355 1498 = 27 32. 36 &.29

X 1100 1500 60 25 22.32 &.19

\ 1105 iSO 55 23 32.26 .13

| 1110 1510 70 22 3I2.22 8.093

: 11195 1515 = 20 32.17 & .04 :
; 1120 15Z5 80 19 22.13 & .00

: 1130 1530 w3 17 32. 04 7 .91

: 1148 1548 108 14 31.89 7.6 '



DATA FOR OCHS/RUETER AQUIFER TEST

OCHS IRRIGATION WELL OBSERVATION WELL. RECOVERY DATA
DISCHARGE = 200 GPM DISTANCE TO PUMPING WELL (r) = 3370 FT.
t = TIME SINCE PUMPING STARTED t" = TIME SINCE PUMPING STOPPED
WL RESIDUAL
DATE TIME t ¥ ° £/t BELOW MP DRAWDOWN REMARKS
(MIN. ) (MIN. ) (FT.) (FT.)
10/15/87 1243 1602 163 10 31.47 734
1327 16647 207 2 21.14 7.01
1413 1693 255 7 30. 88 .75
10/16/87 1410 3130 1690 Z 2525 1 2

11/16/87 18,47



OCHS IRRIGATION W

ISCHARGE = 200 G
= TIME SINCE PU

~ O

10/15/87 1060

1018
1019
1020
1021
1022
1023
1024
1025
1026
NN
1028
1029
110330
1032
1034
1035
1138
10460
1045
1050
1455
1100
1105
1110
1119
1120
1130
1148

DATA FOR OCHS/RUETER AQUIFER TEST

ELL

PM
MPING ST

1444
144
1446
14647
1448
1449
1450
1452
1453
1454
1455
1456
LasS7
1455
1459
1460
1461
14672
1463
1464
1465
1466
1467
1468
1469
1¢ 70
1472
1474
1476
14772
1480
1485
ra9()
14935
1500
1505
1510
1515
1520
1530
1548

OBSERVATION WELL

DISTANCE
ARTED

o e e

5z

N
¢

N NN NDNN
N SRR NENCAN G I

(]

ey

o

Cd 8 Gl 0¥ (W
N

(g

40

RECOVERY DATA

TO PUMPING WELL (r)

t)

144l
721
481
361
239
24
207
181
161
145
121
112
104

97
91
26
81
77
73
70
&6
(YA
61
59
56
54
52
=]
49
46
43
4l
&

= TIME SINCE PUMPING STOPPED

3370 FT.

WL RESIDUAL.
BELOW MFP DRAWDOWN
(FT.) (FT.)
32.66 8.53
32.66 &.53
32.66 8.53
3266 3.53
32.67 &.54
32.67 2.54
22.68 8.55
32.68 8.55
22.68 8.55
32.68 8.55%
32.68 8.55
32.68 8.55
32.67 8.54
32.67 5.564
32.66 8.53
32,66 8.53
3265 8.52
32.65 8.52
32,64 8.51
32.64 8.51
32.63 8.50
32.63 8.50
32,672 8.49
32,60 8.47
32.59 8.46
32.59 8. 646
32.58 8.45
32.58 8.645
32.56 R.43
32.56 8.43
32.55 8,472
32,53 8.40
32.51 8.38
32,49 8.36
32,48 8.35
32,44 8.31
32,39 8. 26
3236 B.23
KA 8.19
32.26 &2.13
32.22 & .09
32.17 8 .04
32.13 8.00
32.04 7.91
31.89 7. 76

PUMP OFF !



DATA FOR OCHS/RUETER AQUIFER TEST

OCHS IRRIGATION WELL OBSERVATION WELL RECOVERY DATA
DISCHARGE = 200 GPM DISTANCE TO PUMPING WELL (r) = 3370 FT.
t = TIME SINCE PUMPING STARTED t” = TIME SINCE PUMPING STOPPED
WL RESIDUAL.
DATE TIME t t” t/t’ BELOW MP DRAWDOWN REMARKS
(MIN.) (MIN.) (F7.) (FT1.)
10/15/87 1243 1603 163 10 31.47 7. 54
1327 1647 207 8 31.164 7.1
1413 1693 253 7 20.88 &. 7S
10/16/87 1620 3130 1690 z 25,729 1.12
11/16/837 18.47



DATA FOR OCHS-RUETER AQUIFER TEST

BAUZR DOMESTIC WE

DISCHARGE = 200 G
r =

LL

PM

OBSERVATION WELL

TIME SINCE PUMPING STARTED

WL BELOW DRAWDOWN SPRING

M

DRAWDOWN AND RECOVERY DATA

DISTANCE TO PUMPING WELL (r) = 353520 FT.

LEVEL REMARKS
(FT.)

1a/ 72/87 1200
10/13/%7 1615

1N/ 14/37 719

1101
1105
1106
1109
1111
1116
1122
1125
1130
1135
1138
1144
1168
1151
1159
12072
1207
12009
1215
1229
1239
1265
1300
1301
1515
1649
21329

@
B
28
40
43
&l
48
49
51

2
~

43
5 Q

(]
=

65

20.
20.
20.
20.
20.
20,

20.
20.
20,
20
20.

20.

25

NN
o C

- Gl
A

P

30 N0 o S N
(nl & B

o
(N

63
672
&0

SirB

52

61l

i

85

L ¥

M o]
Le2
.60

- .03
-.Q7
-.08
-. 09
-.0%

.Q7

- 07
-8
-.10

.03
-.08
~-. Qa9
~-. 09

.15
-.07
.03
-.10

.16

-0
~ 38

- 02
-.05%
- [’]L)

-3.00 DOMESTIC USE
-2.45% DOMESTIC USE
PRE-TEST DATA
-2.40 PRE-TEST DATA
PUMP ON / EST. W.L.

-2.38

DOMESTIC USE
-2.38

DOMESTIC USE
~2.38

DOMESTIC USE

DOMESTIC USE
~2.38
-2.37



BAUER DOMESTIC WELL

DISCHARGE = 200 GPM

OBSERVATION WELL

DRAWDOWN AND RECOVERY DATA

DISTANCE TO PUMPING WELL (r) = 5520 FT.

ARTED

SPRING
LEVEL

WL BELOW
MP

DRAWDOWN

(FT.

)

= TIME SINCE PUMPING ST
DATE TIME f
(MIN. )
10/15/87 51 891
411 1091
730 1290
832 1352
928 1408
1206 1566
1423 1703
10/16/87 1435 3155
11/16/87

.89
-7

1 -5
-7

.37

SPRING FLOWING



DATA FOR OCHS-RUETER AQUIFER TEST

OCHS~17 TEST WELL OBSERVATION WELL WATER LEVEL DATA
DISCHARGE = 200 GPM DISTANCE TO PUMPING WELL (r) = 11155 FT.
ADDITIONAL DATA COLLECTED WITH A CONTINUOUS WATER LEVEL RECORDER

: WL BELOW WATER LEVEL BELOW
| DATE TIME HOLD CuT MP LAND SURFACE
: (FT.) (FTe) (FT.) (FT.)

L 10/ 7/87 10. 00 4. 64 14.64 11.94

L 10/13/87 1428 15.00 -. 67 14.33 12.03

V10 /14/87 730 15.00 - 65 14 .35 12.05

: 14472 15.00 ~.53 14.47 12.17

: 16472 15.00 -.54 14. 46 12.16

: 2130 15.00 -. 49 14.51 12.21
Lo/ 18/87 1215 15.00 ~. 50 14.50 12.20

V11 /16/87 15, 0uU -. 35 14.65 12.35

DATA FOR OCHS-RUETER AQUIFER TEST
NCHS-21 TEST WELL DEBSERVATION WELL WATER LEVEL DATA

DISCHARGE = 2010 GPM DISTANCE T0O PUMPING WELL (r) = 6800 FT.
ADDITIONAL DATA COLLECTED WITH A CONTINUOUS WATER LEVEL RECORDER

10/15%5/87 1257 20.00 1.05 21.0% 20.10

: WL, BELOW WATER LEVEL BELOW
; DATE TIME HOL.D CuUT MP LAND SURFACE

: (FT1.) (F1.) (FT.) (F1.)

LA/ 2iev 20.00 1.32 21.32 19.82

L 10/13/87 San 20.00 .95 20.95 20. 00

L1/ re/87 7410 20. 00 .98 20.98 20.03

: 1500 20). 00 98 201.98 2. (O3



APPENDIX IIT

DESCRIPTION OF AQUIFER TEST ANALYSIS METHODS



ANALYSIS OF AQUIFER-TEST DATA

THEIS TYPE CURVE

1 1 VITTIT LR R AL | SRR T U TTT7IT

4

LERBLBAAL

TTTTY

I

. -

T T7TTT0T

Wiu)
o
\

riTion

E Py it 111119l L llll\

0.0t | Jitit IS EETIT] S N N U e R R
0.1 I 10 102 103 104
/u
(1)
t, in minutes
‘ Te) 102 10? 10* 10°
I 100
DATA PLOT
Q: 1.9 m3 min~!
r- 187 m
10
- — - —’-J
o 1o <
=t bt
Match = ' @
Point ~°" MATCH-POINT COORDINATES €
4 <
7 Wiu)= 1, s:2.20m | -
3 d Yo =1, t= 1.8 min | [
= /
0.1 l
0.1
T Cur
0.0l ype Curve
0.1 ! o 10? 103 1o°
/u
(2)

In 1935, C. V. Theis of the New Mexico Water Resources Theis assumed in the development of the equation that:
District of the U.S. Geological Survey developed the first 1. The transmissivity of the aquifer tapped by the pumping X
equation to include time of pumping as a factor that could be well is constant during the test to the limits of the
used to analyze the effect of withdrawals from a well. Thus, cone of depression.
the Theis equation permitted, for the first time, determination 2. The water withdrawn from the aquifer is derived entirely .
of the hydraulic characteristics of an aquifer before the from storage and is discharged instantaneously with
development of new steady-state conditions resulting rom the decline in head.
pumping. The importance of this capability may be realized 3. The discharging well penetrates the entire thickness of the
from the fact that, under most conditions, a new steady state aquifer, and its diameter is small in comparison with

’ cannot be developed or that, if it can, many months or years the pumping rate, so that storage in the well is neg-
may be required. ligible. .
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TIME - DRAWDOWN GRAPH

m 1 ll'][' T 1 T1rryr T Y v Vv vITYy 0 T 1T 7rrrrr T T T T 7vT1TIY T LR LR
5 B t/ x |'X e - N
- 2 °
w | ANAs=1.2m — Drowdown
=  measurements
-4 Log e Y 4
© cycle \L\,\* _
Zz 6 3
z T ﬁ
3 _
o

8
2 r=75m |
@ Q:9.3m 3 min~' (2455 gat min~')
10— -2.5x10°54d

V4 11 11.1”‘ [N I STl I S G I R S U T | Lo a b1 Loy 31114 [ NN

10-5 I0-4 10-3 I0-2 0.1 I [0
TIME, IN DAYS
(4)
Equations 2 and 3 are in consistent units. Thus, if Q is in 7o 3Q ()

cubic meters per day and s is in meters, T is in square meters
per day. S is dimensionless, so that, in equation 3, if T is in
square meters per day, then r must be in meters and t, must be
in days.

1t is still common practice in the United States to express Q
in gallons per minute, s in feet, t in minutes, r in feet, and T in
square feet per day. We can modify equations 2 and 3 for
direct substitution of these units as follows:

23Q 23 gl

e _—

1,440 min ft? 1
— X
47As  4x  min d

X748 gal s

As

(where T is in square feet per day, Q is in galions per minute,
and As is in feet) and

o 22Tt 225 ' min d
” 1 d 7,440 min
5= 61(‘) (5)
rl

(where T is in square feet per day, {, is in minutes, and r is in
feet).

Time-Drawdown Analysis 39




TIME-DRAWDOWN ANALYSIS

The Theis equation is only one of several methods that have
been developed for the analysis of aquifer-test data. (See
~Analysis of Aquifer-Test Data.’’) Another method, and one
that is somewhat more convenient 10 use, was developed by
C. E. Jacob from the Theis equation. The greater convenience
of the jJacob method derives partly from its use of semiloga-
rithmic graph paper instead of the logarithmic paper used in
the Theis method and from the fact that, under ideal condi-
tions, the data plot along a straight line rather than along a
curve.

However, it K essential to note that, whereas the Theis

" equation applies at all times and places (if the assumptions
are met), Jacob’s method applies only under cenain additional
conditions. These conditions must also be satisfied in order to
obtain reliable answers.

To understand the limitations of Jacob’s method, we must
consider the changes that occur in the cone of depression dur-
ing an aquifer test. The changes that are of concern involve
both the shape of the cone and the rate of drawdown. As the
cone of depression migrates outward from a pumping well, its
shape (and, therefore, the hydraulic gradient at different
points in the cone) changes. We can refer to this condition as
unstéady shape. At the start of withdrawals, the entire cone of
depression has an unsteady shape (1). After a test has been
undenwvay for some time, the cone of depression begins to
assume a relatively steady shape, first at the pumping well and
then gradually to greater and greater distances (2). If with-
drawals continue long enough for increases in recharge and
(or) reductions in discharge to balance the rate of withdrawal,
drawdowns cease, and the cone of depression is said to be in a
steady state (3).

The Jacob method is applicable only to the zone in which
steady-shape conditions prevail or to the entire cone only
after steady-state conditions have developed. For practical
purposes; this condition is met when u = ({r2S)/(4Tt) is equal to
or less than about 0.05. Substituting this value in the equation
for u and solving for t, we can determine the time at which
steady-shape conditions develop at the outermost observation
well. Thus,

22007 it
T

where (. is the time, in minutes, at which steady-shape condi-
tions develop, r is the distance from the pumping well, in feet
(or metlers), S is the estimated storage coefficient (dimension-
less), and T is the estimated transmissivity, in square feet per
day (or square meters per day).

After steady-shape conditions have developed, the draw-
downs at an observation well begin 1o fall along a straight line
on semilogarithmic graph paper, as sketch 4 shows. Before
that time, the drawdowns plot below the extension of the
straight line. When a time-drawdown graph is prepared,
drawdowns are plotted on the verical (arithmetic) axis versus
time on the horizontal (logarithmic) axis.
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Land surface
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The slope of the straight line is proportional to the pumping
rate and 1o the transmissivity. Jacob derived the following
equations for determination of transmissivity and storage co-
efficient from the time-drawdown graphs:

. 23Q (2)
4rAs
2.25 T, 3)
-

where Q is the pumping rate, As is the drawdown across one
log cycle, ¢y is the time at the point where the straight line
intersects the zero-drawdown line, and r is the distance from
the pumping well to the observation well.



These assumptions are most nearly met by confined
aquifers at sites remote from their boundaries. However, if
centain precautions are observed, the equation can also be
used to analyze tests of unconfined aquifers.

The forms of the Theis equation used to determine the
transmissivity and storage coefficient are

Te Q W(u) M
473

= 4Tty )}
r)

where T is transmissivity, S is the storage coefficient, Q is the
pumping rate, s is drawdown, t is time, r is the distance from
the pumping well 10 the observation well, W(u) is the well
function of u, which equals

u? u? u*
Zx20 T 3x31  dxdl

-0.577216 - log.u +u —~

and u = (r’S)/(4T0).

The form of the Theis equation is such that it cannot be
solved directly. To overcome this problem, Theis devised a
convenient graphic method of solution that involves the use
of a type curve (1). To apply this method, a data plot of draw-
down versus time (or drawdown versus t/r?) is matched to the
type curve of W(u) versus 1/u (2). At some convenient point on
the overlapping part of the sheets containing the data plot and
type curve, values of s, t {or t/r?), W(u), and 1/u are noted (2).
These values are then substituted in equations 1 and 2, which
are solved for T and S, respectively. .

A Theis type curve of W(u) versus 1/u can be prepared from
the values given in the table contained in the preceding sec-
tion, ""Aquifer Tests.”” The data points are plotted on logarith-
mic graph paper—that is, graph paper having logarithmic divi-
sions in both the x and y directions.

The dimensional units of transmissivity (T) are LA~', where
L s length and t is time in days. Thus, if Q in equation 1 is in
cubic meters per day and s is in meters, T will be in square me-
ters per day. Similarly, if, in equation 2, T is in square meters
per day, t is in days, and r is in meters, S will be dimensionless.

Traditionally, in the United States, T has been expressed in
units of gallons per day per foot. The common practice now is
10 repon transmissivity in units of square meters per day or
square feet per day. If Q is measured in gallons per minute, as
is still normally the case, and drawdown is measured in feet,
as is also normally the case, equation 1 is modified to obtain T
in square feet per day as follows:

QW) gl 1,440 min ft* 1 W)
To a2 e X ———— X — X——
aws min d 7.48 gal = fi 4x
or
15. Wi
Tin 12 - e 2L W

(when Q is in gallons per minute and s is in feet). To convert
square feet per day 10 square meterss per day, divide by 10.76.

The storage coefficient is dimensionless. Therefore, if T is in
square feet per day, ¢ is in minutes, and r is in feet, then, by
equation 2,

4Tty ixitixminx d
r? 1 d fi2 1,440 min
or
Ttu
360 r?

(when T is in square feet per day, ¢ is in minutes, and r is in
feet).

Analysis of aquifer-test data using the Theis equation in-
volves plotting both the type curve and the test data on loga-
rithmic graph paper. If the aquifer and the conditions of the
test satisfy Theis’s assumptions, the type curve has the same
shape as the cone of depression along any line radiating away
from the pumping well and the drawdown graph at any point
in the cone of depression.

Use of the Theis equation for unconfined aquifers involves
two considerations. First, if the aquifer is relatively fine
grained, water is released slowly over a period of hours or
days, not instantaneously with the decline in head. Therefore,
the value of S determined from a short-period test may be too
small.

Second, if the pumping rate is large and the observation
well is near the pumping well, dewatering of the aquifer may
be significant, and the assumption that the transmissivity
of he aquifer is constant is not satisfied. The effect of de-

~watering of the aquifer can be eliminated with the following
equation: ~

. s 3

S (21;) (
where s is the observed drawdown in the unconfined aquifer,
b is the aquifer thickness, and s* is the drawdown that would
have occurred if the aquifer had been confined (that is, if no
dewatering had occurred).

To determine the transmissivity and storage coefficient of
an unconfined aquifer, a data plot consisting of s* versus t {or
¥/r?) is matched with the Theis type curve of W(u) versus 1/u.
Both s and b in equation 3 must be in the same units, either
feet or meters.

As noted above, Theis assumed in the development of his
equation that the discharging well penetrates the entire thick-
ness of the aquifer. However, because it is not always pos-
sible, or necessarily desirable, to design a well that fully pene-
trates the aquifer under development, most discharging wells
are open to only a part of the aquifer that they draw from.
Such partial penetration creates vertical flow in the vicinity of
the discharging well that may affect drawdowns in observa-
tion wells located relatively close to the discharging well.
Drawdowns in observation wells that are open to the same
zone as the discharging well will be larger than the draw-
downs in wells at the same distance from the discharging well
but open to other zones. The paossible effect of partial pene-
tration on drawdowns must be considered in the analysis of
aquifer-test data. If aquifer-boundary and other conditions
permit, the problem can be avoided by localing observation
wells beyond the zone in which vertical llow exists.
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