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EXECUTIVE SUMMARY

This report presents the results of an investigation into the effects of pumping ground water to
supply the Flying J Travel Plaza proposed for the intersection of Churn Creek and Knighton
Roads, Shasta County, California (Figures 1 and 2).

To evaluate potential effects of pumping ground water, the following work was conducted:

+ Determination of project water demand

+ Determination of site geology and hydrogeology through drilling, installation, and test

pumping of a production well and three observation wells

LCVELOPIMCNL Ui a dunpull ized CrounG-watir model to preaact ipacts

Project Water Use and Supply System

Table 1 shows the results of calculations of water use (water demand) for the project. Water
demand for any given project can be defined in various ways, such as average or peak demands..
Table 1 shows average daily demand, maximum daily demand, and peak demand for the Flying

J Travel Plaza.

Average daily demand is the total amount of water used in a year divided by 365 days/year. The
average daily demand averages out high and low water usage rates throughout the year. Average
daily demand reflects the long-term, total yearly water usage for a project. For the Travel Plaza,

average daily demand is 31 gallons per minute (gpm).

Maximum daily demand is the average amount of water used in a day during the highest usage.
For the Flying J Travel Plaza, high usage will occur in the summer when landscaping irrigation is
necessary and there are many travelers. Maximum daily demand is the average of the highest 24
hours of water useage, including high and low demands. For the Travel Plaza, maximum daily
demand will be 108,000 gallons per day (gpd) or 75 gpm (108,000 gallons + 1,440 minutes/day).
This calculation was based on information from other Flying J facilities and the City of Redding.

Peak demand reflects the more or less instantaneous demand for water during a maximum-use
day. For example, peak demand at the Travel Plaza probably will occur during a summer
weekend morning when the hotel and restaurants are full and guests are showering and eating,
and there are many vehicles and passengers at the facility. The peak demand will occur only for
a short period of time (one to two hours). The peak demand for the Travel Plaza will be 270
gpm. Peak demand values are important because the water supply system must be sized to

supply water at or above the peak demand usage.
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EXECUTIVE SUMMARY

To supply project water demands, ground water will be pumped from a well (Well #1) located in
the western part of the site (see Figure 2 for location). The water will be pumped to a 145,000-

gallon, aboveground, water-storage tank using a 500 gpm pump (sufficient to cover the 270-gpm
peak demand). Booster pump stations will charge a pressure system to deliver domestic and fire-

flow demands separately.

Based on the peak daily demand, the well probably will pump for about two hours in the
morning and two hours in the evening on maximum-demand days (remember, maximum-
demand day covers peak-demand periods). This pumping schedule will cover the maximum-
daily deniand (up to 4 houts total pumping x 60 niinutes/hour x 500 gallons/minute = 120,000

gallons).

This amount (120,000 gallons per day) equates to about 135 acre-feet per year. Total pumpage
from the Redding ground-water basin is about 37,300 acre-feet per year. Thus, the Flying J
pumpage represents less than one-half of one percent (about 0.36%) of total basin pumpage per

year.

For modeling of long-term project water use, it was impractical to “run” the model using an
actual daily operating scenario of pumping for 2 hours, off for 10 hours, pumping for 2 hours, off
for 10 hours, etc., day after day for a long period, such as a year. Instead, the ground-water
model was set to “pump” at the maximum daily demand rate of 75 gpm. Although this is not
exactly how the system will operate, it reflects the effects of long-term withdrawal of the amount
of ground water needed for the project. The maximum daily demand was used instead of the
lower average daily demand so that the analysis would be conservative; thus, the model reflects a

long-term pumping rate more than two times what is anticipated on average.

Site Conditions and Well Testing

Geology and Hydrogeology

To determine the geologic conditions beneath the site, three wells were drilled; the deepest holes
were about 325 feet deep. Logging of the holes (by visual observation and by electric-logging
methods) showed several different layers (stratigraphy) beneath the site. Plate 2 in the main

report shows the layers and how the wells were constructed.

Seven layers were defined beneath the site. Three of these layers are classified as “aquifer
zones”; an “aquifer” or aquifer zone is a unit that can readily transmit economic quantities of
water. Between the aquifer zones are layers that don’t transmit water as readily; these types of

units are called “aquitards”. Aquifers are the zones from which ground water is pumped.

PRosw NT1/91/00 I muronrs £ decnrintec



Flying J Knighton Road Travel Plaza January 14, 1999
Well Installation, Aquifer Testing, Page ES-3
and Ground-Water Modeling

EXECUTIVE SUMMARY

The aquifer zones beneath the site are found from about 108 to 125 feet (upper), 158 to 209 feet
(intermediate), and 240 to 330 feet (lower). The upper and intermediate zones are separated from

the lower zone by a distinct clay layer (aquitard) from 209 to 240 feet below ground surface.

Because the aquifer zones are separated from the surface and each other by aquitards, they are
“confined’ aquifers. A confined aquifer is one in which the water is under pressure. Most, if

not all, of the deeper ground-water zones in the Redding basin are confined.

Conversly, an “unconfined’, or “water-table”, aquifer is one in which the water is at
atmospheric pressure (not pressurized). Figure ES-1 illustrates the difference between confined

and unconfined aquifers.

On Figure ES-1, note where the water levels are in the water-table vs. confined-aquifer wells.
The wells in the confined aquifer (middle and right-most wells) have water levels higher than the
top of the aquifer, while the well in the water-table aquifer (left-most well) has a water level

within the aquifer itself.

The Flying J production well and observation wells are all analogous to the confined-aquifer well
(middle well) shown in Figure ES-1. The water levels in the Flying J wells (from 20 to 30 feet
below ground surface) are well above the top of the aquifers (from 108 to 209 feet below ground

surface).

It is important to understand the difference between confined and unconfined aquifers because
there are very different results when pumping from confined vs. unconfined aquifers. In an
unconfined aquifer, pumping actually lowers the water table; that is, the aquifer is dewatered.
Figure ES-2 illustrates this; note the area around the water-table well between the original water
level and the pumping water level. There is no longer water in this area. (The area in which
water levels are lowered is called the cone of depression, because the water table is “depressed”

during pumping. The lateral extent of a cone of depression is called the radius of influence.)

When pumping stops in an unconfined aquifer, the water levels recover (return to normal)
slowly. Usually, it takes and amount of time equal to the length of pumping (e.g., if pumping

lasted for 4 hours, water level would take 4 hours to recover to pre-pumping level).

In a confined aquifer, pumping lowers the water pressure within the aquifer. The lower pressure
is reflected in lower water levels in wells completed in the aquifer and within the radius of
influence. As long as the pumping rate is such that the water level does not fall below the top of
the aquifer, the aquifer will not dewater. Figure ES-2 shows that there is no change in the

thickness of the water-containing interval in a confined aquifer when it is pumped.
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After pumping from a confined aquifer stops, the water level recovers rapidly (compared to
recovery in an unconfined aquifer). Figure 3 (a graph of water level in the Flying J well during
pumping) in the main body of this report illustrates the rapid recovery of water levels in a
confined aquifer after pumping stops. Note the point at which pumping ends (1500 hours on 8-2-

98), and how the water level rises back to near static level within minutes.

It should be noted, however, that rapid recovery of water levels in confined aquifers occurs only
where the withdrawal is less than the recharge to the aquifer. Recharge is the water that enters a
basin and deep percolates to the ground water aquifers. Recharge can consist of rainfall, applied
waler (rigation, cte.), percolation of stream or 1iver waler, ete. A basin is in steady stale or
equilibrium when the amount of inflow equals the amount of outflow; if inflow is less than
outflow, the basin is in overdraft (pumping more out than is going back in). The Redding basin
(in which the project is located) is not in overdraft (Shasta County Water Resources Master Plan;
Phase 1 Report, Current and Future Water Needs, Shasta County Water Agency/CH2M
Hill/California Dept. of Water Resources, p. 101). Therefore, water levels recover rapidly after

pumping from confined aquifers in the basin.

Well Testing

The Flying J production well (Well #1) is completed in t_he lower aquifer, and is sealed from
ground surface to 235 feet. That is, the screen that collects water is within the lower aquifer and

does not straddle any of the aquitards.

One observation well was completed similar in screened interval and seal depth as Well #1; one
observation well was completed in the intermediate aquifer, and one in the upper aquifer. The
purpose of the observation wells in the upper and intermediate aquifers was to determine if
pumping from the lower aquifer would cause water to move through the aquitard and cause water
levels to drop in the zones above. Essentially no drawdown was measured in these wells.

Drawdown is the drop in water level caused by pumping a well.

Well 1 was pumped at about 500 gpm for 24 hours, while water levels were continuously
recorded in it and the three observation wells. The water-level data from the pumping well and
the deep observation well were then used to determine hydraulic characteristics of the lower
aquifer, principally its ability to transmit water. Calculated values were typical of those seen in
units in the Redding basin (see Table 3, page 13 in the main body of this report). The
observation well in the lower aquifer also was used to measure the drawdown in that aquifer at a

distance from the pumping well; about 9.5 feet of drawdown was observed.
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The pumping well had a drawdown of about 33 feet. This is about the amount of drawdown that
can be expected at the pumping well when it goes into production. Adding 33 feet of drawdown
to the static water level (water level in a well before pumping begins) of about 50 feet below
ground surface leads to a pumping level of about 83 feet below ground surface. The top of the
aquifer is at about 240 feet below ground surface. Thus, drawdown from pumping the project

well will not dewater the aquifer.

Project pumping will not cause subsidence. Subsidence can occur when an aquifer is dewatered
and the sand grains or gravel that make up the aquifer no longer have the support of the water
pressure, and they “coilapse in” on themselves., Because the project will punip from a conilned
aquifer at a rate that will not cause the pumping level to fall below the top of the aquifer, the

aquifer will not be dewatered, and there will be no cause for subsidence.

Ground-Water Modeling

Model Development

To predict impacts from long-term pumping of the Flying J well, a computer ground-water
model] was used. The model is a three-dimensional representation of the 4-square-mile area
around the site (see Figure 13). It consists of seven layers that correspond to the layers
determined from drilling at the site, with each layer gridded by rows and columns. The
intersection of layers, rows, and columns defines 3-dimensional nodes. The model works by

calculating flow into and out of each node.

The hydraulic characteristics of each layer, such as ability to transmit water, are input into the
model. Model input is described on pages 13 through 16 in the main body of this report.

One of the inputs into the model can be recharge. Recharge could consist of rainfall, irrigation,
or any other application of water. To make a conservative estimate of impacts, no recharge was
specified for the model; this is conservative, because recharge would add water to the system,
thereby decreasing pumping effects, such as drawdown. Thus, specification of impervious areas

in the model (e.g., paving) was not necessary.

The assumption was used in the model that most of the inflow to the model domain comes from
subsurface inflow, rather than precipitation in the model domain. The subsurface inflow used in
the model reflects the movement of ground water through the basin. Ultimately, ground water in
the Redding basin is derived, in part, from percolation of precipitation. If there were a series of
drought years, ground-water levels would decline throughout the basin, in all wells. This would

not change the relative effects of pumping. Static water levels would be lower, but the amount of
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drawdown in the project well would still be about 30 to 35 feet. The cone of depression (radius
of influence) would be of the same magnitude as during non-drought years because it is

dependent on aquifer characteristics, not water levels.

All models must be calibrated to reflect real conditions. The Flying J model was calibrated using
the acutal pumping-test data from the site. Aquifer properties were adjusted until the model
replicated the test data. Figure 12 shows a comparison of test vs. model data; the fit is good,
especially at the end of the test. This is the most important time, as long-term effects are of the

most interest here.

The model also was adjusted‘ to replicate recent (Spring 1998) regional ground-water levels
measured by DWR (see Figure 14). All adjustments made to the model were checked by

determining if the pump-test data could be replicated.

Prediction of Impacts
Interference

Once the model was calibrated, it was run using the long-term pumping rate of 75 gpm to predict
impacts. The impact that pumping the Flying J well will have on neighboring wells is expressed
as interference. Inferference is the drop in water level in a well caused by the pumping of a
neighboring well (in this case the Flying J well). The maximum radius of influence is the
maximum distance over which interference will occur. Interference is higher closer to the
pumping well, and decreases rapidly (in a confined aquifer) away from the pumping well; it is
non-existent beyond the radius of influence. Interference will be considerably lower in aquifers
above the aquifer in which the pumping well is screened because the aquitards restrict the

vertical flow of ground water.

Most neighboring, domestic wells are completed in the upper and intermediate aquifers (most
domestic wells in the area are shallower than about 200 feet), above the aquifer in which the
pumping well is screened. The interference on neighboring wells completed in the upper and
intermediate aquifers will be less than one inch (less than 0.05 feet). Figures 15 and 16 in the
main body of this report show the number of wells (as recorded at DWR) in the project vicinity
that are about 200 feet deep or shallower; altogether there are 152 of these wells within about one

mile of the project site. The radius of influence is about one mile.

There are seven wells of record deeper than 200 feet (therefore, at least partially screened within
the same aquifer as the Flying J well) within one mile of the project site; Figure 18 in the main
body of this report shows these wells located by section. These wells will experience from one

to nine inches (0.1 to 0.75 feet) of interference. = - N
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In addition to interference from the Flying J well, other factors can influence water levels in
vicinity wells. These other factors include seasonal or natural variation in water levels,
interference from wells other than the Flying J well, barometric-pressure variations, or an

inefficient or poorly maintained well.

The range of seasonal variation of water levels in the project vicinity is about 7 to 20 feet. The
amount of interference that may be experienced by neighboring wells (less than one inch above
200 feet, up to nine inches below 200 feet) is far less than the seasonal variation. That is, natural

seasonal variation in water levels would mask interference effects.

In addition to seasonal variations, long-term natural variations in water levels are caused by
overall increases or decreases in rainfall. If there were a series of drought years, water levels
could decline as much as 25 feet in the project vicinity (for example, water level declined about
25 feet in a nearby well during the late-1970’s drought as shown in Figure 19, a graph of water
level in a nearby well monitored by DWR). Adding a decline in water leve] of 25 feet to the
current static water level of about 50 feet below ground surface gives a drought water level of 75
feet below ground surface; adding the anticipated 33 feet of drawdown to the 75-foot drought
water level gives a drought period pumping level of 108 feet below ground surface. This is still
well above the top of the aquifer (at 240 feet below ground surface), indicating that the aquifer
will remain full of water. Thus, a series of drought years will not reduce the amount of water

available for the project.

Note that the potential decline of water level during a drought (about 25 feet) is far greater than
the magnitude of potential interference (less than one inch) on neighboring wells that are
completed above 200 feet. Any change in water level in these wells caused by Flying J would be
masked by the overall decline in water level. While it is possible that shallow wells in the
vicinity of the Flying J site could go dry during a drought, their going dry would be attributable

to drought conditions, not Flying J pumping.

Interference from other neighboring wells or an inefficient/poorly maintained well can both lead
to higher-than-expected drawdown, on the order of feet (not inches). A poorly maintained well
(with a clogged screen, for example) loses its ability to efficiently pump water; if it is inefficient,
drawdown will be greater. Neighboring-well interference and well inefficiencies can be
calculated only on a well-by-well basis. Thus, they will not be considered here, although they

could be large enough to mask potential interference from project pumping.

Daily variations in barometric pressure lead to water-level fluctuations in confined aquifers; in

the Redding basin, barometric-pressure effects range from inches to up to about one foot. Thus,
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barometric-pressure effects also could be greater than, and mask, project interference in

neighboring wells,

Because seasonal variation can be quantified on a project-area scale (whereas well inefficiencies
and neighboring interference cannot), seasonal variation should be considered the level of
significance for interference. Because water levels in wells in the project vicihity may vary
naturally by about 7 to 20 feet between winter and summer, interference of 7 feet (using the
lower end of seasonal variations) or less caused by project pumping would be within the natural
variation, and would not considered to be significant. Because project interference will be from

one Lo nine inches in neighboring wells, it is not considered significant.
Water Budget

Most of the ground water to supply the proj ect will come from the lower aquifer. This was
illustrated during the on-site testing by the lack of drawdown in the upper and intermediate
aquifers when the lower aquifer was pumped (lack of drawdown indicates that no water was
being withdrawn from those units). Modeling of long-term pumping shows withdrawal of a
small amount of water from the upper and intermediate aquifers (indicated by the less than one

inch drawdown in those units).

Modeling shows essentially no difference in the inflow to or outflow from the Sacramento River
because of project pumping. The small amount of downward leakage from overlying layers (as
discussed in the preceding paragraph) is not enough to cause a direct effect on the river.
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Introduction

Scope of Work

This report presents the results of an investigation into the effects of pumping ground water to
supply the proposed Flying J Travel Plaza to be located at the intersection of Churn Creek and
Knighton Roads, Shasta County, California (Figures 1 and 2). The work included (1) the
installation of one water-supply well and two ground-water observation wells, (2) an aquifer test,

and (3) ground-water modeling.

Description of Travel Plaza Project

The site is located in the southeast ¥4 of the southeast ¥4 of Section 29, T3 IN, R4W, MDB&M. It is
immediately adjacent to the northbound I-5 onramp from Knighton Road, and is approximately 1.5

miles east of the Sacramento River,

The proposed Flying J Travel Plaza will include the following facilities (see Figure 2, general site
plan):
* 17,500 square-foot building encompassing a convenience store, an approximately 185-seat
restaurant, a fast-food court, and shower and laundry facilities
*  Fuel-dispensing islands for up to 12 passenger cars, 3 recreational vehicles, and 12 djesel
trucks at one time
*+ Stand-alone fast-food restaurant
*  Stand-alone economy hotel or motel
* Possibly 1 or 2 office buildings (future phase)

The site covers approximately 26 acres. About 13 acres will be used by the Travel Plaza, 1.5 acres
for the fast-food restaurant, and 3.2 acres for the motel. The remaining acreage will be divided
between future development and the wastewater disposal area. The wastewater disposal area will be
located at least 200 feet from the supply well.

The water-supply well and treatment system will be Jocated in the western part of the site, as shown
on Figure 2. A single well (Well 1) with capacity to provide maximum-day demand will deliver
water to a ground-level water-storage tank. The well will be equipped with a 500 gpm pump.
Separate booster pump stations will charge a pressure system to deliver all domestic and fire-flow

demands. The storage tank will provide for all demands beyond maximum-day demand.
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Table 1 shows the calculation of average and peak demand based on information supplied by Flying
J, Inc. and the City of Redding.

Table 1: Calculation of Average and Peak Water Demand

Maximum
- Demand®
{gpm) {gpd)

1 Travel Plaza, excluding irrigation; 28 40,200
includes showers, restaurant, laundry,
etc. (values from similar Flying J, site in New
Jersey)

2 Fast-food restaurant 3.5 7 10,000 20
(based on monthly-totals data from City of
Redding)

3 Economy motel 5 20 28,800 75
(based on monthly-totals data from City of
Redding)} ]

48&5 Boat/RV/Auto sales; [ube and tire sales 2 3.5 5,000 10

(estimated)

All Irrigation 8 50 24,000 N/A
(assume 7 gpm/acre for 7.2 acres for 8 hours)
Totals ‘ 31 75| 108,000 270

(108,000 gpd=
1,440 min/day)

Notes: a. Average daily demand for entire year.
b. Maximum daily demand will occur in summer when irrigating.

Based on the estimated maximum-day demand, the well’s operating cycle will be for about two
hours in the morning and two hours in the evening at 500 gpm. The well will pump for at least two
hours for minimum fire-fighting demand at 500 gpm (the additional fire flow of 1,000 gpm will be
made up by the storage tank). Maximum daily demand will be about 75 gpm.

Rev, 01/14/99 Lawrence & Associates
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Findings and Conclusions

1. Average daily demand for the project will be approximately 30 gpm. Maximum daily demand
will be approximately 75 gpm. Peak demand will be approximately 270 gpm.

2. Three aquifer zones were delineated for the project — from 108 to 125 feet (upper), 158 to 209
feet (intermediate), and 240 to 330 feet (lower). The upper two zones are separated from the

lower zone by a clay layer from 209 to 240 feet below ground surface.

3. The project supply well (Well 1) was completed below the clay laver. The 81-foot screened

interval extends from 244.5 to 325.5 feet below ground surface.

4. Static water levels in the upper and intermediate aquifers are about 30 feet below ground

surface; water level in the lower aquifer is about 52 feet below ground surface.

5. During the aquifer test, maximum drawdown in Well 1 (pumping well) was approximately 33
feet after 24 hours of pumping at 500 gpm. Maximum drawdown for long-term project

pumping will not exceed this amount.

6. The calculated aquifer coefficients of transmissivity are similar to those observed for similar
deposits in the Redding ground-water basin. Transmissivities calculated using the modified

Theis equation and curve-matching ranged from approximately 37,500 to 49,500 gpd/foot.

7. Calculated storage coefficients also are similar to those observed for similar deposits in the
Redding ground-water basin. The calculated storage coefficient for the lower aquifer ranged

from approximately 2.5 to 4.9 x 10, indicating that the lower aquifer is confined.

8. Hydraulic conductivity (derived from transmissivities and taking into account aquifer thickness)

in the lower aquifer ranged from approximately 60 to 80 feet/day.

9. Vertical permeability in the clay zone between the intermediate and lower aquifers was

calculated to be 0.093 gpd/square foot. This is equivalent to approximately 0.125 feet/day.
Conclusion: All aquifers monitored for the project are confined.

Conclusion: Because the all aquifers are confined, and the maximum drawdown will not be below

the top of any aquifer, project pumping will not cause dewatering of the aquifers.
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10. Maximum drawdown in OB-1D (observation wells completed in same aquifer as Well 1) was
9.4 feet. No drawdown was observed in OB-2S,and OB-2S;; (observation wells completed in

intermediate and upper aquifers, respectively).

11. Modeling showed drawdown (interference) in the upper and intermediate aquifers from long-

term project pumping of less than 1 inch.

12. During project pumping, the maximum radius of influence is about 1 mile for all aquifers. At
this distance, the interference is less than 2 inches in the lower aquifer and less than 1 inch in the

upper and intermediate aquifers (Figures 15, 16, and 18).

13. Maximum seasonal variation in ground water levels in the project vicinity is about 20 feet;

recent seasonal variation is about 7 feet (Figure 19).

Conclusion: There will be some leakage from the upper and intermediate aquifers into the lower

aquifer with long-term pumping.

Conclusion: Maximum drawdown (interference) in the aquifers above the pumped aquifer will not

cause dewatering of those aquifers.

Conclusion: Interference in the aquifers above the pumped aquifer will not exceed maximum or

recent seasonal variation in ground-water levels.

14. Project pumping increases subsurface inflow to the model domain (about 4 square miles) by 16
acre feet per year and decreases subsurface by 105 acre feet, for a total of 121 acre feet per year
(yearly project pumpage assuming maximum daily demand). There are negligible differences in

the inflow to and outflow from the Sacramento River.

15. Project pumping may increase the ground-water gradient to the north of the site, as a

consequence of increased inflow.

Conclusion: Water for the project will be derived from increased subsurface inflow and decreased

subsurface outflow of ground water from the lower aquifer.

Conclusion: There will be no detectable change in Sacramento River flows from the proposed

pumping.
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Regional and Local Hydrogeologic Setting

Regional Hydrogeology

The site is located in the Redding ground-water basin. Plate 1 shows the site in relation to the
Redding basin. The geologic sequence in the Redding basin can be divided into 2 main parts. The
youngest formations consist of Quaternary and Tertiary-age continental (nonmarine) deposits
derived from rivers or streams (fluvial deposits), alluvial fans, or volcanic events (Ground Water in
the Redding Basin, Shasta and Tehama Counties, California, Pierce, M. J., 1983, U.S.G.S. Water
Resources Investigations Report 83-4052). The older formations consist of pre-Tertiary-age marine

deposits and metamorphic rocks.

The Quaternary deposits consist of Alluvium, Terrace deposits, and the Red Bluff Formation.
Alluvium is composed of unconsolidated gravel, sand, silt, and clay found in stream channels and
flood plains; dredged gravels also are classified as Alluvium. Terrace deposits are of similar
composition and genesis, but are slightly older; Terrace deposits are found along Cow and
Cottonwood Creeks. The Red Bluff Formation is Pleistocene in age and consists of coarse gravels,
cobbles, and boulders in a red-colored, sandy-clay matrix. The Pleistocene deposits are generally of

poor to moderate permeability, although the Terrace deposits can be highly permeable.

The Tertiary deposits, all Pliocene in age, consist of the Tehama and Tuscan Formations and the
Nomlaki Tuff member of these formations. The Tehama Formation consists of interbedded clay,
silt, sand, and gravel derived from rivers and streams flowing from the Klamath Mountains and
Coast Ranges. The Tuscan Formation consists of volcanic gravel, sandstone, and conglomerate,
coarse- to fine-grained tuff and tuffaceous silt and clay of predominantly andesite and basalt. The
Tuscan Formation is, in part, age-equivalent to the Tehama Formation. Underlying both these
formations is the Nomlaki tuff, poorly consolidated dacite pumice in a matrix of glass and crystal
fragments. The Tehama and Tuscan formations are the principal water-bearing formations in the
Redding ground-water basin. They generally are moderately to highly permeable, with moderate to
high (100 to 1,000 gpm) ground-water yields (ibid.).

Underlying the Quaternary and Tertiary sediments is either the Chico Formation or a basement
complex of igneous, metamorphic, and sedimentary rocks. The Chico Formation is Cretaceous in
age and consists of well-consolidated or cemented shale or sandstone. It was deposited in a marine

environment. The Chico Formation is generally of low permeability and contains saline water of

very poor quality.
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The basement complex consists generally of rocks of Paleozoic to Mesozoic age. These are the
rocks that make up the Coast Ranges and Klamath Mountains to the north and west of the Redding
basin. Basement complex rocks are generally of low permeability and yield water from fractures,

joints, or weathered zones.

The geologic structure of the Redding ground-water basin is that of a southerly i)lunging syncline
(trough). The axis of the trough generally is along the axis of the valley, with the sides of the trough
sloping up to the east, west, and north. The southemn edge of the trough is “truncated” by the Red
Bluff arch, an east-west trending anticline (arched up structure) located just north of Red Bluff. The
Quaternary/Tertiary water-bearing sediments range in thickness from 0 feet at the edges of the

basin to over 2,500 feet in the central part of the basin east of Cottonwood.

Ground-water flow in the Redding basin generally is towards the axis of the valley. Recharge to the
Redding basin is from infiltration of precipitation and applied water, subsurface inflow of ground
water, and percolation from streams. Ground-water leaves the Redding basin through pumping,

discharge into streams, and ultimately, discharge into the Sacramento River.

Because of the nature of the sediments filling the Redding basin (low permeability clays and silts
interbedded with higher permeability sands and gravels), deeper ground water often occurs under
confined conditions. Shallower ground water can occur in a water-table condition or as perched
ground water. A well drilled into a confined aquifer will have a water level higher than the top of

the aquifer, while wells drilled into water-table or perched aquifers will have water levels within the

aquifer itself.

There are different results when pumping from water table vs. confined aquifers. In a water-table
aquifer, pumping actually lowers the water table; that is, the aquifer is dewatered within the cone of
depression. The cone of depression is the zone around a well in which water or pressure levels are
lowered by pumping. In a confined aquifer, pumping lowers the pressure within the aquifer; that is,
the aquifer is not dewatered. The lower pressure is reflected by lower water levels in wells within
the cone of depression while pumping is in progress; after pumping Plazas, water levels recover as

pressure is restored.

Local Hydrogeology

Lithology in the project vicinity consists of interbedded clay, silt, sand, and gravel, or mixtures
thereof, interpreted to represent the Tehama Formation. At the project site, the overall stratigraphic

section is coarse-grained. Cobbles and gravel were encountered for most of the depth of each hole,
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with only minor fine-grained beds. This is consistent with lithologies noted in Department of Water

Resources drillers logs in the project vicinity, especially within about 1 mile of the site.

Based on the E-log of OB-1D, there is only one significant zone of clay (almost 30 feet thick) in the
section drilled, from about 209 to 240 feet below ground surface. This clay separates what are
termed the “lower” and “intermediate” aquifers for this report. An additional aquifer zone, “upper,”
above the intermediate zone also was identified. The deposits that separate the upper from the
intermediate zone, however, are not as distinctly clayey as those between the intermediate and lower

zones. Plate 2 shows these zones, and their relation to the screened intervals of the project wells.

Observation well OB-1D also is screened in the lower aquifer, in the same interval as the production
well. Observation wells OB-2S,and OB-2S, are screened in the intermediate and upper zones,
respectively. These wells were completed in this manner so that potential interference on non-

pumped zones could be observed during the aquifer test.

Although three aquifers zones were delineated for the project, similar water levels in the upper two
zones suggest that these zones could be considered as one. Static water levels in OB-2S,and OB-
2Sy were 30.3 and 30.0 feet, respectively (measured from the same reference point). Static water
levels in OB-1D and Well 1 were 51.5 and 52.0 feet, respectively (the difference reflects the
different reference points at which measurements were taken). Thus, the lower aquifer is distinct

from the intermediate and upper zones.

Because most of the domestic wells in the vicinity are screened in the upper aquifer or above, with a
few in the intermediate zone, the project production well was screened in the lower aquifer to reduce

the potential for interference with neighboring domestic wells.

Methods

Drilling and Well Installation

Drilling and well installation were conducted between June 16 and July 31, 1998. Well OB-1D was
electric-logged by Geo-Hydro-Data of Bakersfield, California, on June 29, 1998 (E-log in pocket).

Drilling was conducted by Don’s Drilling of Shingletown, California, by the direct mud-rotary
method. Drilling fluid consisted of bentonite mixed with water. Plate 2 shows the well-

construction details for the wells.

For OB-1D, cuttings were logged under the direct supervision of a California Registered Geologist.

Cuttings from the other holes were not logged.
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After drilling to the total depth of each hole, the drill stem was pulled from the hole. The casing
was lowered into each hole using the drill rig. The filter pack then was tremied into the holes, and
the bentonite-grout barrier installed in each hole while the casing was held in tension by the rig.
The cement-bentonite surface seal was tremied into the holes; the bottom of the tremie pipe was

raised as grouting proceeded.

Each observation well is constructed with Schedule 40 PV C pipe; the screens are 0.040-slot
Schedule 40 PVC. Well OB-1D and OB-2S; are constructed of 4'% inch pipe; OB-2SU s
constructed of 2 inch pipe. Wells OB-2S,and OB-2S;; are installed in the same borehole, as nested

probes.

The production well is constructed with 10-3/4-inch-OD steel pipe. The screen is 10-inch pipe size,
continuous slot, wire-wrapped stainless steel, “extra strong” as defined by UOP Johnson, with 0.050
inch slots. Casing joints were welded; screen ends were fitted with collars for welding.

The filter pack for all wells was Y-inch washed pea gravel; the filter pack extends about 10 feet
above the screen in each hole. A minimum of 5 feet of bentonite pellets was placed over each filter

pack; the bentonite was hydrated with ground water in the hole.

Protective steel risers were placed around the PVC well casings for both observation wells, and 6-

inch-thick concrete pads were poured around them.
Each well was developed by air lifting until the water appeared clean.

‘Aquifer Test
Aquifer-Test Theory

Information determined from an aquifer test is used to predict drawdown in a pumping well and
interference on adjacent wells caused by the pumping well. To make these predictions requires
determination of two aquifer characteristics—transmissivity (T) and storage coefficient (S).
Transmissivity (in units of gpd per foot) indicates the capacity of an aquifer as a whole to transmit
water (it is defined as the rate of flow of water through a vertical strip of the aquifer 1 foot wide and
extending the full saturated thickness under a hydraulic gradient of I foot per foot). Transmissivity

can be calculated by multiplying the permeability of an aquifer (k) by the saturated thickness (b).

Storage coefficient (dimensionless) is defined as the volume of water the aquifer releases or takes
into storage per unit surface area of the aquifer per unit change in the component of head normal to
that surface. During pumping, water is released from storage in different ways, depending upon the
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type of aquifer. In a confined or artesian aquifer (in which the aquifer is overlain by a low-
permeability bed which does not readily transmit water), water is derived from storage as the
pressure decreases in the aquifer; the pore spaces remain fully saturated (analogous to water
discharging from a full pipe). In a water-table aquifer (in which the aquifer is not overlain by low-
permeability beds), water is derived from storage as the water level drops and the pore spaces drain

by gravity.
Theis Nonequilibrium Equation

Values of transmissivity and storage are determined from the basic Theis nonequilibrium equation.
The equation takes into account the effect of duration of pumping on well yield. Using this
equation, transmissivity and storage coefficient can be determined in wells, and long-term
predictions of drawdown can be made from short-term tests. In its simplest form, the Theis

equation is as follows:

5 = (1146xQxWuD)+T
where:
S = drawdown at any point in the vicinity of a well discharging at a
constant rate, in feet
Q = pumping rate, in gpm
T = coefficient of transmissivity, in gpd/ft of aquifer thickness
Wu] = “well function of u”; W[uj is shorthand for the exponential function
(-0.5772)-(In(u))+H(u)-(u¥/2x21)+H(u*/3x31)-(ud/4x4!)...
where:
u = (1.87xrx §)+Txt
where:
r = distance from center of pumped well to point where drawdown is

measured (if drawdown is measured in the pumping well, r equals the
casing radius, or if no head losses are felt to occur in the gravel pack, r
equals the radius of the well bore), in feet

S = coefficient of storage, dimensionless

coefficient of transmissivity, in gpd/ft of aquifer thickness

= time since pumping began, in days

- -3
I
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Derivation of the nonequilibrium equation and its applicability to “real” situations is based on the

following assumptions:

1. The water-bearing formation is uniform in character and permeability in both horizontal
and vertical directions.

The formation has uniform thickness.

The formation has infinite areal extent.

The formation receives no recharge from any source (all water comes from storage).

EENSCIS

The pumped well penetrates and receives water from the full thickness of the water-
bearing forination,
6. The water removed from storage is discharged instantaneously with lowering of the

pressure head.

Most of the above criteria cannot strictly be met—especially the criteria for equal permeabilities in
the horizontal and vertical directions. Nonetheless, duplication of observed data using derived

coefficients is exceptionally good in most aquifer tests.
Transmissivity and Storage Coefficient

Values of transmissivity (in pumping or observation wells) and storage coefficient (in observation
wells only) are solved using one method by plotting drawdown measurements on semi-logarithmic
paper. Solutions are graphical. Transmissivity is determined by the “modified” Theis equation. It
has been found that when the value of “u” is sufficiently small (less than 0.05), the nonequilibrium

formula can be modified to the following form without significant error:

T = (264 xQ)+ As
where:
T coefficient of transmissivity, in gpd/ft of aquifer thickness
Q = pumping rate, in gpm
As = drawdown (or recovery), in feet per log cycle

Storage coefficient is determined using the following formula:

S = (03xTxt)+r
where:
S = coefficient of storage, dimensionless
T = coefficient of transmissivity, in gpd/ft of aquifer thickness
t, = time at 0 feet of drawdown, in days
r distance to center of pumping well, in feet

Figures 7 and 8 show the semi-log plots of drawdown and residual drawdown (recovery) for Well
1; Figures 9 and 10 shows the semi-log plot and analysis for OB-1D.
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Another method for determining transmissivity, storage coefficient, and/or the coefficient of vertical
permeability (P') for confining layers is by plotting drawdown versus time on a log-log plot and
conducting a nonequilibrium type-curve analysis. For a type-curve analysis, the log-log plot of
observed data are overlain on a set of “leaky” type curves. Once the best fit is determined, the
“match point” is noted; the coordinates of the match point are then used to determine T, S, and/or
P’

Figure 11 shows the type-curve analysis plot for OB-1D. The type-curve equations for T and S are
similar to those described above, and are shown on the figures. The equation for coefficient of

vertical perteabiiity (P7) of confining beds is as {ollows:

P’ = (Txm' x({/BY)+r
where:
T = coefficient of transmissivity, in gpd/ft of aquifer thickness
Q = thickness of confining bed(s), in feet
(r/B) = leakage coefficient, from curve matching
r = distance to center of pumping well, in feet

The coefficient of vertical permeability was calculated for OB-1D even though no drawdown was
observed in OB-2S,; because past observations show that there usually is some leakage from

overlying deposits into a pumped aquifer in the Redding basin.
Interference

Interference is the drop in water level in a well caused by the pumping of a neighboring well. The
maximum radius of influence is the maximum distance over which interference will occur. The
radius of influence is time dependent and not discharge dependent. That is, no matter what the

pumping rate, the maximum radius of influence will be the same for any given time period.

Conversely, the drawdown within the radius of influence is directly proportional to the discharge
and 1s not time dependent. That is, within the radius of influence, drawdown (interference) will be

greater with higher pumping rates and lower with lower pumping rates.

Estimates of interference requires both transmissivity and storage coefficient values. Interference
from pumping of the project well was estimated using a ground-water modeling program, so that

potential interference in wells screened in different zones could be evaluated.
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Project Test

The 24-hour constant-discharge drawdown test and 12-hour recovery test were conducted on August
1 and 2, 1998.

Well 1 (production well) was pumped for 24 hours at a constant discharge of 498 gpm using a 40-hp
pump with a capacity of about 700 gpm. Discharge was through a 6-inch pipe to the Anderson
Cottonwood Irrigation District (ACID) canal (with permission). Discharge was regulated with a
butterfly valve and was measured with a totalizer meter.

Water levels were measured in the pumping (Well 1) and observation (OB-1D and OB-2S) wells
using 2-wire electric sounders and transducers connected to a continuous-recording data logger.
Correlation curves and correlation-equation coefficients are shown in Appendix A. The correlation
equations were used to convert the data logger readings to water level in feet below ground surface.
Because the changes in water levels were so small in OB-28, the correlation curves were not good,

and the transducer readings were not converted to water levels.

Figures 3 through 6 show transducer-recorded measurements in all wells during the period of
observation. Appendices B and C show all data (hand and data-logger measurements) gathered

before, during, and after the aquifer test.

Table 2 summarizes the drawdown observed in each well at the end of the 24-hour test.

Table 2: Summary of Observed Drawdown

(FEET) (GPM) (FEET)
Well-1 (pumping well) Lower NA 498 33.34
0B-28U Upper 30 0 0
OB-2S, Intermediate 30 0 0
0B-1D Lower 60 0 9.40

Table 3 shows a summary of aquifer characteristics as determined from the aquifer test.
Calculations are shown on the figures, and were derived as described in the Methods section of this
report. Hydraulic conductivity, as derived from transmissivity and aquifer thickness, is shown, as it

is one of the properties required by the ground-water model.

Aquifer coefficients were not determined for OB-2S, as both casings in that well are screened above

the pumped aquifer. Its purpose was to evaluate the effects of leakage from the upper aquifer into

-
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the intermediate aquifer, and from the intermediate aquifer into the lower aquifer. However, no

drawdown was observed in OB-2S during the test.

Table 3: Summary of Aquifer Characteristics

: : S Zone - ,Transm‘is- ~--Storage - .. Hydraulic “Hydraulic:
Well -+ Zone Thickness* sivity® - Coefficient Conductivity  Conductivity
' (FEET) (GPDIFT) ‘ (GPDIFT2) (FT/DAY)
b T S k=Tl K = (T/6) =
S , » N 0.1337
'.Fr‘om‘:,‘modifiedv?Thyeis*»’me,t'h”od:,_;_j'j] L S S e
Well 1 Lower ' 81 37,563 N/A 469 63
30,520 400 o
OB-1D Lower 80 42,410 49 x10* 530 71
R ; 37,563 470 63
From curvesmatching method: -~~~ - o 0
OB-1 Lower 80 49,627  2.5x 10* o820 83
0B-1 Clay 30  Vertical permeability = 0.093 gpd/ft?
between Int.
& Lower
Aquifers

Notes: a. Zone thickness = screened interval.
b. Where 2 transmissivity values are shown, the upper one was derived from the drawdown curve and the lower one
from the residual drawdown curve.

The values of transmissivity calculated from the current work are typical of the coarser-grained
water-bearing zones in the Redding basin. The values of the storage coefficients calculated from the
current work indicate that the lower aquifer is confined. Thus, if the water level does not go below
the top of the aquifer during pumping, the aquifer will not “dewater” or “go dry,” it will remain

fully saturated.

This is an important concept to remember when observing the drawdown caused by pumping a well
screened in a confined aquifer (such as Well 1). Drawdown in a well screened in a confined aquifer
reflects changes in pressure in the aquifer, which is reflected in a lowering of the piezometric

surface (pressure) of the aquifer.

Ground-Water Model

Introduction

The commercial ground-water model Visual Modflow, version 2.7.1 (1997), developed by Waterloo
Hydrogeologic Software, was used for modeling the proposed project pumping. Visual Modflow is
an add-on “shell” to the U.S. Geological Survey’s Modflow ground-water model developed for the

public domain.
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Ground-water models in Modflow are three dimensional. That is, the model can have multiple
layers in which the program will compute ground-water flow in both horizontal (x and y) and
vertical (z) directions. A model is set up with a grid coordinate system defining rows and columns
that can be moved or resized to enhance the accuracy of the model at a given location. The
intersection of the rows, columns, and layers defines nodes which are the basic units used by the
model; Modflow mathematically calculates ground-water flow into and out of each node, from all
directions. The total number of nodes in a model is defined as (# of columns, x direction) x (# of
rows, y direction) x (# of layers, z direction). The model used for the current study has 7 layers, 41

rows. and 46 columns.

Model Area

The model area covers about four square miles around the site. The western boundary is the
Sacramento River. The northern, southern, and eastern boundaries are section lines. Figure 13

shows the model area with hydrographic features, roads, etc.

Layers

The seven layers for the model were established based on the stratigraphy in the vicinity of the site,
as shown by the E-log from OB-1D (see Plate 2). The section, as defined for the model, consists of
three high-permeability aquifers separated by lower permeability sediments. The reference point for
the base of each layer is its position below ground surface in OB-1D. The layers in the model are

generally flat lying.

The uppermost two layers were defined as variably confined layers of moderate permeability (a
mixture of gravel, sand and clay, with gravel and sand predominating). Their surfaces follow the
land surface (which was digitized from the USGS Enterprise quadrangle and imported into the

model). Their lower surfaces are about 31 and 108 feet below ground surface, respectively, in OB-
1D.

The third layer was defined as the upper aquifer, a variably confined layer of higher permeability

(mainly sand and/or gravel). Its lower surface is 125 feet below ground surface in OB-1D.

The fourth layer was defined as a variably confined layer of moderate permeability (a mixture of
gravel, sand, and clay), overlying the intermediate aquifer. Its lower surface is 158 feet below

ground surface in OB-1D.

The fifth layer was defined as the intermediate aquifer (mainly cobbles, gravel, and sand), a variably

confined layer of high permeability. Its lower surface is 209 feet below ground surface in OB-1D.

-

Rev. 01/14/99 Lawrence & Associates



Flying J Knighton Road Travel Plaza August 20, 1998
Well Installation, Aquifer Test, Page 150f 18
and Ground-Water Modeling

The sixth layer was defined as a confining bed of low permeability (mainly clay), overlying the

lower aquifer. Its lower surface is 240 feet below ground surface in OB-1D.

The seventh layer was defined as the lower aquifer, a variably confined layer of high permeability
(mainly cobbles, gravel, and sand). Its lower surface is about 330 feet below ground surface in CC-
1.

Properties

Two sets of aquifer properties are required to be defined for Modflow-—hydraulic conductivity and
storage properties. Hydranlic conductivity can be defined for the 3 principa! axes (v y, and z of the
model). By default, conductivities in the x and y directions are assumed to be the same, and
conductivity in the z direction (vertically) is assumed to be 1/10th that of the x direction. These

default assumptions were used for the current modeling.

Storage properties include specific storage (which equals the storage coefficient, from the aquifer
test, divided by aquifer thickness) and specific yield. Specific yield is required only for unconfined
layers. Table 4 summarizes the aquifer properties used in the model. These properties reflect

“averages” from aquifer test and typical values for the types of sediments inferred for each layer.

Table 4 Summary of Aquufer Propertles Used for Model

Property Layer3 Layer4' Layer5 LayerG Layer?

Ky, 22 141 2210 130 141 22t0 130 0.125; 22t0 130
feet/day

Specific
storage, 1.3x10?! 3.1x10% 16x10%; 75%x10* 50x10* 8.3 x10°! 3.1x10°

Sg, 1/foot

Specific
yield, Sy, 0.3 0.3 NA NA NA NA NA
percent

Boundaries

Two types of boundaries were defined for the model—river and general-head boundaries. The
Sacramento River was modeled as a river boundary. Its location was digitized from the USGS
Enterprise quadrangle, and imported into the model. The river boundary then was defined using the

map location of the creek. River stage and bottom elevations were estimated from the USGS
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Enterprise quadrangle. A hydraulic conductivity of between 60 and 70 feet/day, similar to that for
the high-permeability aquifer zones, was assumed for the bottom of the river.

General-head boundaries were set for each edge of the model and each layer. A general-head
boundary allows inflow and outflow past its location, and also allows for changing water levels.
This would be the situation at the model boundaries where subsurface water levels naturally
fluctuate over time. General-head boundaries are defined by 2 characteristics, head and
conductance. Head in this case is the water level at some distance from the edge of the model.

Conductance is defined through the following equation:

@]
I

A+ D)xK

where:

conductance, in feetday

cross-sectional area of node, in feet’
distance to head, in feet

hydraulic conductivity of node, in feet/day

A0 >0
[}

I

The values for head (ground-water elevations) and conductance were adjusted until the model
generally replicated recently measured ground-water levels in the model area (data from Department
of Water Resources, Spring 1998). Figure 12 shows the modeled steady-state ground-water levels

(as head equipotentials) for the lower aquifer.

No recharge boundaries were set, as it was assumed that most of the inflow to the model would
come from subsurface inflow rather than surface infiltration of precipitation or applied water—that
is, that recharge inflow within the model domain would be insignificant compared to subsurface

ground-water inflow. This is a conservative approach, and would not lead to underestimation of

interference.

Calibration

Model calibration consisted of having the model approximately duplicate ground-water levels
observed during the 24-hour aquifer test. Figure 13 shows modeled and observed water levels for
OB-1D for the period of the test. The model calibration was good, with modeled drawdown in the
observation well very close to those observed in the field; at the end of 24 hours the modeled head
in OB-1D was extremely close to the observed head (modeled head = 379.6 feet, observed head =
380.1 feet). Figure 14 shows the drawdown in the lower aquifer at the end of the test.
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Predictions
Interference

To evaluate the long-term potential interference from project pumping, the model was run in a
steady-state mode at a discharge of 75 gpm (the maximum daily demand) from the project well.
That is, the model simulated the project well pumping at 75 gpm until equilibrium was reached
(inflow to the model domain equaled outflow from the model domain). This reflects the long-term
withdrawal of water from the lower aquifer by the project. Note that the maximum daily demand,
rather than the average daily demand, was used. Thus, the interference calculated by the model is

conservative.

Figures 15, 16, and 18 show the drawdown in each aquifer at the end of the steady-state run at 75
gpm. Figure 17 shows the corresponding water level (head equipotential) in the lower aquifer
Figure 18 shows calculated interference in the lower aquifer of 0.5 feet at a radius of approximately

0.3 miles and 0.1 feet at a radius of approximately 0.8 miles.

Figures 15 and 16 show calculated interference in the upper and intermediate aquifers of 0.03 feet
(1/3 inch) at a radius of approximately 0.5 miles and 0.01 feet at a radius of approximately 0.8

miles.

The magnitude of calculated interference in all aquifers is less than both the maximum and recent
seasonal variations in ground-water levels in the site vicinity. Figure 19 shows a hydrograph of
historical water levels in a nearby well (in Section 27, T31N, R4W) measured by the Department of
Water Resources. The hydrograph shows a maximum seasonal variation of about 20 feet, and

recent seasonal variation of about 7 feet.

The radius of influence of project pumping will extend laterally for about 1.25 miles in the lower
aquifer, and about 1 mile in the intermediate and upper aquifers. Within the radius of influence,

interference will be as described above.

Model runs using the probable operating and fire-fighting scenarios (as opposed to steady state) of 2
to 4 hours of pumping at 500 gpm twice per day, showed no interference on the upper or
intermediate aquifers. This probably reflects the short duration of each pumping period — the
periods were not long enough to extend past the time at which withdrawal of water from storage in

the confining layer is overcome by leakage from the higher aquifers.

During project pumping, the maximum drawdown at the pumping well and the maximum

interference will be no greater than that observed during the aquifer test when Well 1 was pumped
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at about 500 gpm for 24 hours. The maximum drawdown will be no more than about 30 to 35 feet

at the pumping well.
Effects on Water Budget

The water budget was evaluated using the zone-budget package of the Modflow model. The zone-
budget package calculates inflows and outflows to the model domain on a cubic-feet-per-day basis.
The zone-budget values for the steady-state run (no project wells) and the project- pumping run
were converted to total volume to evaluate the effects on the water budget. Table S shows a

summary of the zone-budget output converted to acre feet per year.

Table 5 shows that pumpage from the proposed well will come from changes in subsurface flows.
That is, the amount of ground water that flows into or out of the model domain will increase or
decrease to accommodate project withdrawals. These changes will be attendent to a steepened

ground-water gradient.

No leakage from the Sacramento River was noted. Surface recharge (from precipitation) was not

modeled.

Table 5: Summary of Zone-Budget Output

Project pumping
Steady state

Difference

o o o

NA

NA
0

292.27 2,294 2,586
291.76 2,278 2.570
0.51 16 16

] 0
0 121

(0.02)

In Table 6, the differences between steady state and project pumping show that inflow will increase
by 75 acre feet and outflow will decrease by 46 acre feet, for a total of 121 acre feet per year.
Changes in inflow and outflow will have the effect of slightly increasing the ground-water gradient

to the north of the pumping wells and slightly decreasing the gradient to the south.
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APPENDIX A
Calibration and Field Data






PUMPING WELL

Water Level Data Logger
(feet balow RP) {no units)
1st calibration:

52.02 54.307
52.02 54.388
52.32 53.972
94.98 4.425
96.15 -0.561
96.15 -0.613
96.91 -0.635
97.84 -0.688
98.63 -0.710

TRANSDUCER CALIBRATION

SUMMARY QUTPUT: 1ST CALIBRATION OF PUMPING WELL TRANSDUCER

Regression Statistics

Multiple R 0.9990
R Square 0.9981
Adjusted R Squar 0.9978
Standard Error 1.0530
Observations g .
ANOVA
df SS MS F Sig. F
Regression 1 3989.331 3989.331 3597.882 9.397E-11
Residual 7 7.762 1.109
Total 8 3997.092
Coefficients Std. Err t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 96.9185 0.4312 2247453 S.11E-15 95.8988 97.9382 95.8988 97.9382
Data Logger -0.8253 0.0138 -59.8823 9.40E-11 -0.8578 -0.7927 -0.8578 -0.7927
RESIDUAL QUTPUT
Observation Predicted Y  Residuals
1 52.101 -0.081
2 52.035 -0.015
3 52.378 -0.058
4 93.267 1.713
5 97.381 -1.231
6 97.424 -1.274
7 97.443 -0.533
8 97.486 0.354
9 97.504 1.126
Line-Fit Plot for 1st Calibration - Pumping Well
120
_ 100 .\.\\
2 &0
3 |
. 60
2 ¢+ Y .
T 40
2 Predicted Y
20
0 -
-10 0 10 20 30 40 50 60
Data Logger
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TRANSDUCER CALIBRATION

SUMMARY QUTPUT: 2ND CALIBRATION OF PUMPING WELL TRANSDUCER

Regression Statistics

Multiple R 0.9998
R Square 0.9998
Adjusted R Squar 0.9998
Standard Error 0.1830
Observations 53
ANOVA
df SS MS F Sig. F

Regression 1 9133.53 9133.53 272792.05 9.4043E-97
Residual 51 1.71 0.03
Total 52 9135.24

Coefficients tandard Erro t Stat P-value  Lower 95% Upper 95% Lower95.0% Upper95.0%
Intercept 121.8793 0.0943 1292.0266 8.201E-117 121.6900 122.0687 121.6900 122.0687
X Variable 1 -0.7748 0.0015 -522.2950 9.4043E-97 -0.7778 -0.7718 -0.7778 -0.7718

Line-Fit Plot for 2nd Calibration - Pumping Well

100

50 | !
o M\
—
s % 70 —
53 © B, SN
-~ O
E < 50
£
= = 40 * Y
238 Predicted Y
=~ 20
10
¢}
40 50 60 70 80 90 100

Data Logger (no units)
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TRANSDUCER CALIBRATION

PUMPING WELL 2ND CALIBRATION

Observation Data Logger Measured Predicted Residuals
1 89.629 52.49 52.44 0.05
2 52.887 80.54 80.90 -0.36
3 52.554 80.94 81.16 -0.22
4 52.178 81.54 81.45 0.09
5 51.732 81.80 81.80 0.00
6 51.599 82.00 81.90 0.10
7 51.199 82.20 82.21 -0.01
8 51.023 82.23 82.35 -0.12
9 51.000 82.51 82.37 0.14
10 50.045 83.04 83.11 -0.07
11 49.889 83.25 83.23 0.02
12 49.334 83.69 83.66 0.03
13 4428 27 09 87.10 .01
14 45,156 86.81 86.89 -0.08
15 44.888 87.04 87.10 -0.06
16 44.036 88.17 87.76 0.41
17 42.507 88.89 88.95 -0.06
18 82.635 57.26 57.86 -0.60
19 89.759 52.24 52.34 -0.10
20 56.614 78.34 78.02 0.32
21 54.087 80.02 79.97 0.05
22 53.394 80.20 80.51 -0.31
23 52.989 80.77 80.82 -0.05
24 51.929 81.54 81.65 -0.11
25 51.684 81.91 81.84 0.07
26 51.411 82.10 82.05 0.05
27 51.032 82.38 82.34 0.04
28 50.433 82.67 82.80 -0.13
29 50.610 82.84 82.67 0.17
30 50.165 83.03 83.01 0.02
31 49.579 83.40 83.47 -0.07
32 49.358 83.61 83.64 -0.03
33 49.293 83.77 83.69 0.08
34 49.022 83.89 83.90 -0.01
35 48.535 84.30 84.28 0.02
36 47.350 85.19 85.19 0.00
37 47.491 85.19 85.08 0.11
38 47.006 85.52 85.46 0.06
39 46.774 85.66 85.64 0.02
40 81.717 58.48 58.57 -0.09
41 82.030 58.10 58.32 -0.22
42 82.493 57.91 57.97 -0.06
43 82.823 57.14 57.71 -0.57
44 84.423 56.64 56.47 0.17
45 84.798 56.38 56.18 0.20
46 84.972 56.13 56.04 0.09
47 85.253 55.93 55.83 0.10
48 85.430 55.80 . 55.89 0.11
49 85.564 55.68 55.59 0.09
50 86.294 55.15 55.02 0.13
51 86.968 54.65 54.50 0.15
52 89.703 52.60 52.38 0.22
53 90.318 52.09 51.90 0.19
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TRANSDUCER CALIBRATION

SUMMARY OUTPUT: CALIBRATION OF OB-1D TRANSDUCER

Regression Statistics

Multiple R 0.9990
R? 0.9980
Adj. R? 0.9979
Std. Error 0.1475
Observation 32
ANOVA
of SS MS F Sig. F
Regression 1 320.836 320.836 14737.983 5.987E-42
Residual 30 0.653 0.022
Total 31 321.489

Coefficients tandard Ero  t Stat P-value Lower 95% pper 95% Lower 95.0% Upper 95.0%

Intercept 109.344 0.427 256.122 1.149E-51 108.472 110.216 108.472 110.216
X Variable 1 -1.017 0.008 -121.400 5.987E-42 -1.034 -1.000 -1.034 -1.000
Line Fit Plot Calibration - OB-1D

65 ,
63 ¢+ Y -
_ 61 - Predicted Y [
i
33 57 AV
-9 ;55 M
T o 03
2 E 51 e SN
49
47
45
46 48 50 52 54 56 58
Data Logger (no units)
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TRANSDUCER CALIBRATION

OB-1D CALIBRATION
Observation Measured Data Logger Predicted Residuals

1 51.53 56.688 51.71 -0.18

2 51.56 56.630 51.77 -0.21

3 58.40 49.910 58.60 -0.20

4 59.40 48.983 59.55 -0.15

5 59.76 48.627 58.91 -0.15

6 56.93 51.380 57.11 -0.18

7 58.02 50.360 58.15 -0.13

8 58.63 49.821 58.69 -0.06

g 59.11 49.939 58.58 0.53
10 59.36 49.023 59.51 -0.15
11 59.90 48.581 59.96 -0.06
12 60.57 47.930 60.62 -0.05
13 60.73 47.788 60.76 -0.03
14 60.82 47.685 60.87 -0.05
15 60.90 47.615 60.94 -0.04
16 61.34 47.230 61.33 0.01
17 61.55 47.059 61.50 0.05
18 61.56 47.013 61.55 0.01
19 61.57 47.097 61.46 0.11
20 61.55 47.088 61.47 0.08
21 57.09 51.565 56.92 0.17
22 56.75 51.878 56.60 0.15
23 56.25 52.330 56.14 0.11
24 55.96 52.613 55.86 0.10
25 55.78 52.762 55.71 Q.07
26 55.53 52.909 55.56 -0.03
27 55.35 53.105 55.36 -0.01
28 55.24 53.222 55.24 0.00
29 54.62 53.868 54.58 0.04
30 54.13 54.395 54.04 0.09
31 52.08 56.408 52.00 0.08
32 51.63 56.843 51.56 0.07
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TRANSDUCER CALIBRATION

SUMMARY OQUTPUT: CALIBRATION OF OB-2Si TRANSDUCER

Regression Statistics

Multiple R 0.5036
R? 0.2536
Adj. R? 0.2121
Std. Error 0.0503
Observation 20
ANOVA
df SS MS F Sig. F
Regression 1 0.0155 0.0155 6.1160 0.0236
Residual .18 0.0455 0.0025
Total 19 0.0609
Coefficients tandard Erro t Stat P-value Lower 95% pper 95% Lower 95.0% Upper 95.0%
Intercept 25.2370 1.9441 12.9813 1.409E-10 211526  29.3214 21.1526 29.3214
X Variable 1 0.1534 0.0620 2.4731 0.0236 0.0231 0.2836 0.0231 0.2836
OB-2Si CALIBRATION
Observation Measured Data Logger Predicted Y Residuals
1 30.09 30.923 29.98 0.1
2 30.00 30.959 29.98 0.02
3 30.06 31.368 30.05 0.01
4 30.04 31.365 30.05 -0.01
5 30.04 31.362 30.05 -0.01
6 30.05 31.361 30.05 0.00
7 29.98 31.362 30.05 -0.07
8 29.97 31.365 30.05 -0.08
g 29.99 31.362 30.05 -0.06
10 30.00 31.363 30.05 -0.05
1" 30.00 31.363 30.05 -0.05
12 30.02 31.364 30.05 -0.03
13 30.05 31.363 30.05 0.00
14 30.06 31.363 30.05 0.01
15 30.06 31.364 30.05 0.01
16 30.04 31.365 30.05 -0.01
17 30.10 31.367 30.05 0.05
18 30.05 31.368 30.05 0.00
19 30.08 31.370 30.05 0.03
20 30.23 31.914 30.13 0.10
Line Fit Plot Calibration - OB-2S;,
30.25
J .
30.20 . Y
E E 30.15 Predicted Y
v 3 |
=2 3010 +*
83 ¢ *
£ % 3005
. & / PS
30.00 - g
29.95™
30.8 31.0 31.2 31.4 316 31.8 32.0
Data Logger
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TRANSDUCER CALIBRATION

SUMMARY OUTPUT: CALIBRATION OF OB-2Ss TRANSDUCER

Regression Statistics

Multiple R 0.3008
R Square 0.0905
Adjusted R Sq. 0.0399
Standard Error 0.1476
Observations 20
ANOVA
df SS MS F Significance F
Regression 1 0.0390 0.03%0 1.7900 0.1976
Residual 18 0.3922 0.0218
Total 19 0.4312
Coefficients Std. Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
- Intercept -26 0040 4?2 6217 -0.6101 0.5494 -115.5489 63 5408 -115.5489 63.5408
. X Variable 1 1.9026 1.4220 1.3379 0.1976 -1.0850 4.8901 -1.0850 4.8901

Observation Measured Data Logger Predicted Y  Residuals
1 30.01 31.369 31.09 0.28
2 30.02 31.366 31.11 0.26
3 30.00 30.948 31.07 -0.12
4 30.00 30.947 31.07 -0.13
5 30.00 30.950 31.07 -0.12
6 29.98 30.977 31.03 -0.06
7 29.97 30.977 31.02 -0.04
8 29.97 30.969 31.02 -0.05
9 29.97 30.971 31.02 -0.04
10 28.96 30.968 31.00 -0.03
11 29.97 30.965 31.02 -0.05
12 29.97 30.958 31.02 -0.06
13 29.96 30.958 31.00 -0.04
14 29.97 30.958 31.02 -0.06
15 29.97 30.965 31.02 -0.05
16 29.97 30.906 31.02 -0.11
17 29.94 30.965 30.96 0.01
18 29.95 30.963 30.98 -0.01
19 29.93 30.954 30.94 0.01
20 29.94 31.369 30.96 0.41
Line-Fit Plot Calibration - OB-2S,
314
+ ¢ 4
313
o
, gﬂgﬁ 31.2 P
-;‘_ % 314 fooed Predicted Y —
Lo = |
£ % a0 """:;’”’
& 4},,.-4#-”(/0 ¢
30.9
308 .
29.92 29.93 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003
Data Logger (no units)
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Lawrence Associates

C98.04.07

//e,; 0(,,&/3 ﬁmx(as 7

PROJECT: Aquifer test, Flying J Knighton Road
DATE: August 1, 1998 Well: o bien el
STAFF: Bonnie Lampley, Lawrence & Associates /’W"/""j well
Bryan Gartner, Lawrence & Associates
PUMP INFO:
OTHER: Dateloqgar 5975 Loc, / AP M ec{fe a/ Colt o 6" feq
Ad)\sf c/l‘kjllv"jb w0, rom far e fong on (@ 052010 fop ) 0630
: WATER DATA- pm o
DATE |  TIME LEVEL LOGGER* D|§:HARGE ‘ COMMENTS
73118 /337 | SR.08 S4.30 7 &
g~/r76 0733 | £0.02 | 5938 ¢
0815 5733 53,939 o
&2 74.48 4435 | o |
065 9445 | —0.56] y
0822 .15 ~0. (3
. &59({ 7651 ~0.6L 35
o WEVE; Gl.84 ~0, & 8%
o630 ax. -3 0,710 L Oﬁi C/QQIMJ;\ Frans ducar
1o 5{d.~/+ oves | g 54/ 3’:).}/7 4 f’_ﬁ'o.:,r_m.?’i. 29 )
“r 09r8 50 .5¢ 52. §8F 560 M@ 0935 @ Stogpm
0996 | Fo.9f | 53.554 ) reber@ (02, °
09 Yo B 257 | 5. 138 v
299( 8l. 80 51732
0972 5260 51999
J793 | 8920 51,199
O24Y | 629> 5/.023>
AT 825! Y RN/179)
2950 ! 83.0¢ 50045
o991 A3.8.5 9. 859
J956 83 61 %9.334
oYy on = cdusl ¢ 0.7
JooB G | 8709 | 14335 | 4 |
/073 Q = s00 Y by Sf{a”lctklw—ﬁllq[ 2o ;
Jordd 56- 6| 45 jSk “
/030 E7.0¢ 4Y. 858
/020 SB.(F | 4403 Llew peder yol cvekitng
/60 I8 52 Y2.50% d
/100 Yial
//2/ 5726 | §2.L35 remeve iy from flnvinedos
i /W Husl (@ full @ (- 76”}//'%}
{‘{L{a’ ]é,/;a Se loncts fo ieideri-



Lawrence Associates C98.04.07
: WATER DATA- ;
DATE TIME LEVEL LOGGER DISCHARGE | COMMENTS
£-1-95 | 1951 | 5299 37 759 v
[90/ e 535 Skt fest Qgain PM‘L‘“’:
isod | gg3{ | seert | 535 [on@sadepm 35N
(504 g0 0 5¢.08F | 3527 7
15td £ 20 53.39Y §
/SA3 56-77 sa. 989 "
1534 61.5¢ 5/. 929
/53 " chackad Q Sshpuakh 505 5o
/592 §1.91 5.8 595 7
/5Y3 5210 514t i
(355 5238 5/. 03 (¢
/AN) 5.6 F 504 33 I
s £2.84 50.6(0 u
16325 4303 S0.b5 {
[GS[ | 534D 49.5 74 L |
/709 5 535 |k Sshpucakl
[0 836! 49.358 i, |
VBY | §53-77 ¥9. 293 o
(739 53 89 Y9.03 N "
w07y 8. 30 Y§.535 | =~ Soo
2049 | E5R §3-tre 328 ldust @ 4 b 525
Jieo B39 ¢7.350 a
113 83 .[9 42,491 "
Z-2.94 0L3 T 85.5Y — Js N ;u/r/z:,mmfr/(.\
G0 55,5, Y3.00p «
IEY3 £5.85 — ¢
1453 85 (o 46. 274
/50 ' g PUmp ofFC /seo
/50! 58.4% &rmsr o Mefes = 752300
(50> 5%-40 33.03T | L
)50 | S7 53493 | |
/508 57.1¢ 82 7>
/SR 56-6Y S 423 | -
/SIS 5¢.38 §9. 198 |
/T % 56.(3 54973
/520 55.93 §5.253 |
/530 | D5 KO 15 930
sy 5568 55sey
/3535 55.0¢ | Jl.gey ;
/550 SY(5 L 7L.9LY %
/4¢3 JR-bo £ 703
7-3-9% pzio 52.09 Gp 38
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Lawrence Associates

C98.04.07

PROJECT: Aquifer test, Flying J Knighton Road
DATE: August 1, 1998 Well; OB-1D
STAFF: Bonnie Lampley, Lawrence & Associates sbs well
Bryan Gartner, Lawrence & Associates
PUMP INFO:
OTHER: Z)a?éﬂ\ /Ojj e’ /9/(9}. Aoc /J PP /O]i (>'.(ch<o“fﬁ.‘5b/ nex k St ke
WATER | DATA-
DATE TIME LEVEL LOGGER*. | DISCHARGE COMMENTS
#-3/-96 /73N 5/.93 56488 Vi
5/ - 95 07RD 5. 5% 56,630 &
D319 51.71%
083790 — Pgmp one
Dy 21| 551
0811 56.01
-0812% 56.52
0824 56 RL
0g LS 57.14
P9 30 £8.03
0 33! 58.17 Turned  oAF pump
083z $4, 33
0859 51.137
0935 64 .57 Purp e (500 ¢pm7)
(9% g &4
0937 55.87
045% 54 17 )
0924 534
0940 56.59
n442 51.04
04945 51.77
0947 57 49
0450 51774 !
05\5’5 5%\’}; From {‘c‘p” cf e/ K
\L - 10D D6 4O Y9 . 9i0 Frow, widdle c)/ wewl<
ced /ol 59.40 4§.953
dota | /020 9. Fe | YS.L3t

Ly
~
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Lawrence Associates C98.04.07
WATER DATA- |
DATE TIME LEVEL LOGGER | DISCHARGE COMMENTS
4-/-98 | /509 56.93 57,3 §0 525
549 5803 50.360 /
/526 | 5063 Yq. 121 /
/535 | Sl 49,393 /
/599 | Se3e | ysean |
/0¥ 59.490 ¥f.551 L
/(52 0.5 41,930
1212, 0. 73 43 2858
JIas | ¢0.82 | 47.55
/4] £0 -9 Y2615 ?
2050 el 3d Y3230 | |
¥-2-ay 0oy o (.55 43059
2909 61, 5 ¢43.013
1134 (oSt 42 09% N\
149¢ | 1hs9 y1.038 535
[Sp5 | 5r.eoA 5. 565 %
|50F | S5 5,918
/S]] S-S 53.330
15 14 55.90 5. 613
JSilo SS3R 5. Fo
[S/B | 5953 52.909
[Sad | 8535 53.,05
1523 | 5904 $£3.22
1530 | 6.3 53568
}55) | S (> 5y, 395
/995 | 52.08 SLY0Y
g3~ o0#F 363 TEIEE-

56593




Lawrence Associates

C98.04.07
PROJECT: Aquifer test, Flying J Knighton Road
DATE: August 1, 1988 Well: 08-a5.2 (2 3
STAFF: Bonnie Lampley, Lawrence & Associates obs.well u
Bryan Gartner, Lawrence & Associates
PUMP INFO:
OTHER: Date /0515{9/ 5‘7’76/; Loc, 2 RF = %Mj,S(‘AZK_ of cison
WATER DATA-
DATE TIME LEVEL LOGGER* DISCHARGE COMMENTS
F-3-98| 17135 F30.¢] 37369
§-/-95 oFab 3ee—| o955
g 793 G730 Fe0n 23
] 0427 249.94
I 6 00 74 45
D442 29,49
04949 29. 41 Lrons g ch ey K
Y 1009 A0 BT 30.9¢7 -(1@“4\ aoddle  *
cal L019 30.C0 30. 942
;029 3¢ oo 70, 50
1511 29.58 30.931%2
/53] Zq9.97% J0.9FF
/531 2997 36969
[5%0 A£92F 79.93
/552 79.20 20. 968
[lofo 2997 30.965
/65 5. 7L 30.758
Ak ARG 30.95§
[71F 2977 30.955%
[24> 29.93 30. 9L
Q055 79,97 0. 900
$ -0 A% Oy 29.9¢ 32.965
09 o4 2995 g —
4/ 2995 | =0.9t3
194 29.93 30.954
J-3-98 | ©FT 29.97 | 3134




Lawrence Associates

C98.04.

PROJECT: Aquifer test, Flying J Knighton Road
DATE: August 1, 1998 Well: OF ISy \/4')
STAFF: Bonnie Lampley, Lawrence & Associates abs - weff

Bryan Gartner, Lawrence & Associates
PUMP INFO:
OTHER: ﬁm/a /ojjef /9/63', Loc\ ) ) K= fep cclse of rigapext fo shk

’ | WATER I DATA- | 'l

DATE ’ TIME ’ LEVEL LOGGER* | DISCHARGE ;‘ COMMENTS
| i
|

30\07
R0.00

| — 5o v |
/946 506 | 31.3%0 | “‘f’”‘“ .
L% | se0k | 31330

Lot | 353 | 3o, 94 |'
I i |

- ~ ] !
Q126 | 6.0 BESIS I ;
t







APPENDIX B
Data-logger data for OB-1D and OB-25§;






- C98.04.07

DATA FOR OB-1D AND OB-2S;

&

Ratio t/t' &

Time Since  (time sinceg®d  OB-1D 0B-1D  0B-1D 0B-2Si  0B-2Si

Pumping start/time (data (water (draw- (data (water

Date/Time Started  since end logger) level) down) logger) level)
(minutes) (no units (no units) (feet below RP) {no units) (feet be!;o;

7/31/198 17:22 56.674 51.71 30.924 29.98
7/31/98 17:23 56.672 51.71 30.923 29.98
7/31/98 17:24 56.671 51.71 30.923 29.98
7/31/98 17:25 56.667 51.71 30.923 29.98
7/31/98 17:26 56.667 51.71 30.922 29.98
7/31/98 17:27 56.661 51.72 30.922 29.98
7/31/98 17:28 56.679 51.70 30.922 29.98
7/31/98 17:28 56.694 51.69 30.924 29.98
7/31/98 17:30 56.693 51.69 30.925 29.98
7/31/98 17:30 56.682 51.70 30.925 29.98
7/31/98 17:40 56.674 51.71 30.929 29.98
7/31/98 17:50 56.675 51.71 30.932 29.98
7/31/98 18:00 56.672 51.71 30.938 29.98
7/31/98 18:10 55.981 52.41 30.935 29.98
7/31/98 18:20 50.205 58.29 30.949 29.98
7/31/98 18:30 54.672 53.74 30.943 29.98
7/31/98 18:40 55.473 52.93 30.944 29.98
7/31/98 18:50 55.786 52.61 30.942 29.98
7/31/98 19:00 55.971 52.42 30.945 29.98
7/31/98 19:10 56.093 52.30 30.931 29.98
7/31/98 19:20 56.197 52.19 30.922 29.98
7/31/98 19:30 56.282 52.11 30.910 29.98
7/31/98 19:40 56.333 52.05 30.913 29.98
7/31/98 19:50 56.376 52.01 30.908 29.98
7/31/98 20:00 56.417 51.97 30.910 29.98
7/31/98 20:10 56.451 51.93 30.900 29.98
7/31/98 20:20 56.481 51.90 30.896 29.98
7/31/98 20:30 56.498 51.89 30.894 29.98
7/31/98 20:40 56.522 51.86 30.895 29.98
7/31/98 20:50 56.538 51.84 30.883 29.97
7/31/98 21:00 56.543 51.84 30.881 29.97
7/31/98 21:10 56.564 51.82 30.882 29.97
7/31/98 21:20 56.569 51.81 30.882 29.97
7/31/98 21:30 56.596 51.79 30.879 29.97
7/31/98 21:40 56.601 51.78 30.885 29.97
7/31/98 21:50 56.604 51.78 30.900 29.98
7/31/98 22:00 56.613 51.77 30.908 29.98
7/31/98 22:10 56.607 51.77 30.908 29.98
7/31/98 22:20 56.612 51.77 30.914 29.98
7/31/98 22:30 56.620 51.76 30.917 29.98
7/31/98 22:40 56.621 51.76 30.917 29.98
7/31/98 22:50 56.617 51.76 30.919 29.98
7131198 23:00 56.626 51.76 30.920 29.98
7/31/98 23:10 56.633 51.75 30.924 29.98
7/31/98 23:20 56.633 51.75 30.928 29.98
7/31/98 23:30 56.636 51.76 30.925 29.98
7131798 23:40 56.640 51.74 30.928 29.98
7131798 23:50 56.639 51.74 30.930 29.98
8/1/98 0:00 56.639 51.74 30.934 29.98
8/1/98 0:10 56.652 51.73 30.936 29.98
8/1/98 0:20 56.637 51.74 30.938 29.98
8/1/98 0:30 56.638 51.74 30.938 29.98
8/1/98 0:40 56.643 51.74 30.942 29.98
8/1/98 0:50 56.649 51.73 30.945 29.98
8/1/98 1:00 56.661 51.72 30.946 29.98
8/1/98 1:10 56.653 51.73 30.952 29.99
8/1/98 1:20 56.655 51.73 30.950 29.98
8/1/98 1:30 56.655 51.73 30.956 29.99
8/1/98 1:40 56.660 51.72 30.959 29.99
8/1/98 1:50 56.661 51.72 30.961 29.99
8/1/98 2:00 56.662 51.72 30.969 29.99




€98.04.07

DATA FOR OB-1D AND OB-2S;

Ratio tt'E
Time Since  (time since3 0B-1D 08-1D 0B-1D 0B-2Si 0B-2Si
Pumping start/time} {data {water (draw (data {water
Date/Time Started iogger) level) down logger) level)
(minutes) {no units) (feet below RP) {no units) {feet be‘fﬂw
8/1/98 2:10 56.659 51.72 30.961 29.99
8/1/98 2:20 56.668 51.71 30.969 29.99
8/1/98 2:30 56.669 51.71 30.971 29.99
8/1/98 2:40 56.669 51.71 30.973 29.99
8/1/98 2:50 56.654 51.73 30.972 29.99
8/1/98 3:00 56.669 51.71 30.973 29.99
8/1/98 3:10 56.668 51.71 30.952 29.99
8/1/98 3:20 56.665 51.72 30.948 29.98
8/1/98 3:30 56.671 51.71 30.943 29.98
8/1/98 3:40 56.676 51.70 30.940 29.98
8/1/98 3:50 56.672 51.71 30.940 29.98
8/1/98 4:00 56.664 51.72 30.941 29.98
8/1/98 4:10 56.669 51.71 30.941 29.98
8/1/98 4:20 56.669 51.71 30.934 29.98
8/1/98 4:30 56.675 51.71 30.934 29.98
8/1/98 4:40 56.682 51.70 30.932 29.98
8/1/98 4:50 56.690 51.69 30.933 29.98
8/1/98 5:00 56.674 51.71 30.930 29.98
8/1/98 5:10 56.678 51.70 30.923 29.98
8/1/98 5:20 4 56.679 51.70 30.913 29.98
8/1/98 5:30 g_:;] 56.676 51.70 30.913 29.98
8/1/98 5:40 5 56.679 51.70 30.918 29.98
8/1/98 5:50 %\V 56.672 51.71 30.938 29.98
8/1/98 6:00 w4 56.688 51.69 30.946 29.98
8/1/98 6:10 56.689 51.69 30.948 298.98
8/1/98 6:20 56.684 51.70 30.945 29.98
8/1/98 6:30 56.672 51.71 30.953 29.99
8/1/98 6:40 56.657 51.72 30.953 29.99
8/1/98 6:50 56.665 51.72 30.953 29.99
8/1/98 7:00 56.642 51.74 30.952 29.99
8/1/98 7:10 56.629 51.75 30.957 29.99
8/1/98 7:13 56.626 51.76 30.960 29.99
8/1/98 7:14 56.629 51.75 30.960 29.99
8/1/98 7:15 56.630 51.75 30.960 29.99
8/1198 7:16 56.626 51.76 30.960 29.99
8/1/98 7:17 56.629 51.75 30.960 29.99
8/1/98 7:18 56.631 51.75 30.959 29.99
8/1/98 7:19 56.630 51.75 30.960 29.99
8/1/98 7:20 56.626 51.76 30.958 29.99
8/1/98 7:21 56.630 51.75 30.957 29.99
8/1/98 7:22 56.631 51.75 30.955 29.99
8/1/98 7:23 56.631 51.75 30.956 29.99
8/1/98 7:24 56.629 51.75 30.956 29.99
8/1/98 7:25 56.634 51.75 30.960 29.99
8/1/98 7:26 56.628 51.75 30.960 29.99
8/1/98 7:27 56.628 51.75 30.958 29.99
8/1/98 7:28 56.630 51.75 30.959 29.99
8/1/98 7:29 56.632 51.75 30.959 29.99
8/1/98 7:30 56.636 51.75 30.962 29.99
8/1/98 7:31 56.631 51.75 30.962 29.99
8/1/98 7:32 56.632 51.75 30.960 29.99
8/1/98 7:33 56.637 51.74 30.963 29.99
8/1/98 7:34 56.637 51.74 30.961 29.99
8/1/98 7:35 56.636 51.75 30.961 29.99
8/1/98 7:36 56.637 51.74 30.960 29.99
8/1/98 7:37 56.634 51.75 30.958 29.99
8/1/98 7:38 56.637 51.74 30.961 29.99
8/1/98 7:39 56.638 51.74 30.959 29.99
8/1/98 7:40 52.922 55.52 30.967 29.99
8/1/98 7:41 52.200 56.26 30.971 29.99
8/1/98 7:42 51.806 56.66 30.973 29.99




C98.04.07

DATA FOR OB-1D AND OB-25;

Ratio t/t’
Time Since OB-1D 0B-1D 0B-1D 0B-2Si 0B-2Si
Pumping (data (water (draw- (data (water
Date/Time Started logger) level) down) logger) level)
{minutes) (no units) (feet below RP) (rounits) (8! be;;:
B/1/98 7:43 51.578 56.89 30.970 29.99
8/1/98 7:44 54.729 53.68 30.969 29.99
8/1/98 7:45 55.083 53.32 30.964 29.99
8/1/98 7:46 55.375 53.03 30.964 29.99
8/1/98 7:47 55.551 52.85 30.964 28.99
8/1/98 7:48 55.674 52.72 30.964 29.99
8/1/98 7:49 55.775 52.62 20.964 29.99
8/1/98 7:50 55.848 52.55 30.963 29.99
8/1/98 7:51 55,905 52.49 30.963 29.99
8/1/98 7:52 55.964 52.43 30.964 29.99
8/1/98 7:53 56.004 52.39 30.964 29.99
8/1/98 7:54 56.036 52.36 30.963 29.99
8/1/98 7:55 56.075 52.32 30.964 29.99
8/1/98 7:56 56.099 52.29 30.956 29.99
8/1/98 7:57 56.122 52.27 30.954 29.99
8/1/98 7:58 56.145 52.24 30.953 29.99
8/1/98 7:59 56.162 52.23 30.953 29.99
8/1/98 8:00 56.187 52.20 30.953 29.99
8/1/98 8:01 56.203 52.19 30.952 29.99
8/1/98 8:02 56.208 52.18 30.952 29.99
8/1/98 8:03 56.225 52.16 30.953 29.99
8/1/98 8:04 56.238 52.15 30.956 29.99
8/1/98 8:05 56.249 52.14 30.952 29.99
8/1/98 8:06 56.265 52.12 30.952 29.99
8/1/98 8:07 56.277 52.11 30.952 29.99
8/1/98 8:08 56.283 52.10 30.952 29.99
8/1/98 8:09 56.299 52.09 30.950 29.98
8/1/98 8:10 56.311 52.08 30.950 29.98
8/1/98 8:11 56.323 52.06 30.950 29.98
8/1/98 8:12 56.329 52.06 30.952 29.99
8/1/98 8:13 56.340 52.05 30.952 29.99
8/1/98 8:14 56.350 52.04 30.952 29.99
8/1/98 8:15 56.360 52.03 30.948 29.98
8/1/98 8:16 56.376 52.01 30.952 29.99
8/1/98 8:17 56.369 52.02 30.946 29.98
8/1/98 8:18 56.375 52.01 30.943 29.98
8/1/98 8:19 56.387 52.00 30.944 29.98
8/1/98 8:20 56.387 52.00 30.944 29.98
8/1/98 8:21 53.413 55.02 30.953 29.99
8/1/98 8:22 52.387 56.07 30.951 29.98
8/1/98 8:23 51.860 56.60 30.953 29.99
8/1/98 8:24 51.498 56.97 30.953 29.99
8/1/98 8:25 51.213 57.26 30.953 29.99
8/1/98 8:26 50.979 57.50 30.958 29.99
8/1/98 8:27 50.783 57.70 30.960 28.99
8/1/98 8:28 50.619 57.86 30.958 29.99
8/1/98 8:29 50.451 58.04 30.960 29.99
8/1/98 8:30 50.306 58.18 30.961 29.99
8/1/98 8:31 50.180 58.31 30.961 29.99
8/1/98 8:32 53.574 54.86 30.952 29.99
8/1/98 8:33 53.989 54.44 30.947 29.98
8/1/98 8:34 54.340 54.08 30.944 29.98
8/1/98 8:35 54.565 53.85 30.941 29.98
8/1/98 8:36 54.721 53.69 30.942 29.98
8/1/98 8:37 54.856 53.56 30.939 29.98
8/1/98 8:38 54.962 53.45 30.942 29.98
8/1/98 8:39 55.053 53.36 30.942 29.98
8/1/98 8:40 55.133 53.27 30.943 29.98
8/1/98 8:41 55.206 53.20 30.945 29.98
8/1/98 8:42 55.267 53.14 30.947 29.98
8/1/98 8:43 55.318 53.09 30.947 29.98 .




C98.04.07

DATA FOR OB-1D AND OB-2S;

Ratio t/t' 23

Time Since 0B-1D 0B-1D 0B-1D 0OB-2Si 0B-28Si

Pumping (data (water (data (water

Date/Time Started logger) level) down logger) level)
{minutes) (no units) (feet below RP) (no units) (feet be:;;

8/1/98 8:44 55.375 53.03 30.948 29.98
8/1/98 8:45 55.420 52.98 30.947 29.98
8/1/98 8:46 55.468 52.93 30.943 29.98
8/1/98 8:47 55.512 52.89 30.943 29.98
8/1/98 8:48 55.542 52.86 30.941 29.98
8/1/98 8:49 55.577 52.82 30.941 29.98
8/1/98 8:50 55.602 52.80 30.840 29.98
8/1/98 8:51 55.637 52.76 30.937 29.98
8/1/98 8:52 55.664 52.73 30.939 29.98
8/1/98 8:53 55.677 52.72 30.939 29.98
8/1/98 8:54 55.708 52.69 30.939 29.98
8/1/98 8:55 55.725 52.67 30.839 29.98
8/1/98 8:56 55.752 52.64 30.941 29.98
8/1/98 8:57 55.782 52.61 30.943 29.98
8/1/98 8:58 55.806 52.59 30.942 29.98
8/1/98 8:59 55.822 52.57 30.941 29.98
8/1/98 9:00 55.841 52.55 30.839 29.98
8/1/98 9:01 55.854 52.54 30.939 29.98
8/1/98 9:02 55.871 52.52 30.940 29.98
8/1/98 9:03 55.890 52.50 30.940 29.98
8/1/98 9:04 55.897 52.50 30.942 29.98
8/1/98 9:05 55.919 52.47 30.943 29.98
8/1/98 9:06 55.938 52.46 30.944 29.98
8/1/98 9:07 55.953 52.44 30.943 29.98
8/1/98 9:08 55.964 52.43 30.943 29.98
8/1/98 9:09 55.968 52.42 30.942 29.98
8/1/98 9:10 55.983 52.41 30.936 28.98
8/1/98 9:11 55.998 52.39 30.935 29.98
8/1/98 9:12 56.010 52.38 30.932 29.98
8/1/98 9:13 . 56.014 52.38 30.931 29.98
8/1/98 9:14 56.035 52.36 30.926 29.98
8/1/98 9:15 56.056 52.34 30.927 29.98
8/1/98 9:16 56.070 52.32 30.923 29.98
8/1/98 9:17 56.083 52.31 30.931 29.98
8/1/98 9:18 56.096 52.29 30.926 29.98
8/1/98 9:19 56.108 52.28 30.926 29.98
8/1/38 9:20 56.111 52.28 30.926 29.98
8/1/98 9:21 56.115 52.28 30.931 29.98
8/1/98 9:22 56.129 52.26 30.931 29.98
8/1/98 9:23 56.135 52.25 30.934 29.98
8/1/98 9:24 56.146 52.24 30.936 29.98
8/1/98 9:25 56.157 52.23 30.936 29.98
8/1/98 9:26 56.161 52.23 30.936 29.98
8/1/98 9:27 56.166 52.22 30.837 29.98
8/1/98 9:28 56.173 52.22 30.934 29.98
8/1/98 9:29 56.181 52.21 30.933 29.98
8/1/98 9:30 56.189 52.20 30.931 29.98
8/1/98 9:31 56.188 52.20 30.931 29.98
8/1/98 9:32 56.187 52.20 30.931 29.98
8/1/98 9:33 56.199 52.19 30.935 29.98
8/1/98 9:34 56.203 52.19 30.936 29.98
8/1/98 9:35 53.990 54.44 30.938 29.98
8/1/98 9:36 52.944 55.50 30.946 29.98
8/1/98 9:37 52.494 55.96 30.946 29.98
8/1/98 9:38 52.177 56.28 30.946 29.98
8/1/98 9:39 51.933 56.53 30.943 29.98
8/1/98 9:40 51.723 56.74 30.942 29.98
8/1/98 9:41 51.556 56.91 30.938 29.98
8/1/98 9:42 51.399 57.07 30.943 29.98
8/1/98 9:43 51.267 57.24 30.940 29.98
8/1/98 9:44 51.145 57.33 30.945 29.98




DATA FOR OB-1D AND OB-2S5;
Ratio tt' 35

Time Since ({time since

08-1D 0B-1D 0B-28i 0B-2Si

Pumping start/time (data {water (data {water

Date/Time Started  since end) logger) level) logger) level)
(minutes) (no units)} (no units) (feet below RP) {no units} (fest be:;’l

8/1/98 9:45 51.042 57.43 30.946 29.98
8/1/38 9:46 50.945 57.53 30.946 29.98
8/1/98 9:47 50.858 57.62 30.948 29.98
8/1/98 9:48 50.751 57.73 30.945 29.98
8/1/98 9:49 50.673 57.81 30.944 29.98
8/1/98 9:50 50.585 57.90 30.944 29.98
8/1/98 9:51 50.502 57.98 30.940 29.98
8/1/98 9:52 50.436 58.05 30.942 29.98
8/1/98 9:53 50.368 58.12 30.940 29.98
8/1/98 9:54 50.295 58.19 30.940 29.98
8/1/98 9:55 50.230 58.26 30.942 29.98
8/1/98 9:56 50.172 58.32 30.945 29.98
8/1/98 9:57 50.107 58.39 30.945 29.98
8/1/98 9:58 50.035 58.46 30.945 29.98
8/1/98 9:59 49.967 58.53 30.946 29.98
8/1/98 10:00 49.910 58.59 30.947 29.98
8/1/98 10:01 49.855 58.64 30.947 29.98
8/1/98 10:02 49.806 58.69 30.947 29.98
8/1/98 10:03 49.763 58.74 30.950 29.98
8/1/98 10:04 49.710 58.79 30.949 29.98
8/1/98 10:05 49.664 58.84 30.949 29.98
8/1/98 10:06 49.616 58.88 30.949 29.98
8/1/98 10:07 49.317 59.19 30.949 29.98
8/1/98 10:08 49.288 59.22 30.949 29.98
8/1/98 10:09 49.227 59.28 30.950 29.98
8/1/98 10:10 49.167 59.34 30.950 29.98
8/1/98 10:11 49.165 59.34 30.949 29.98
8/1/98 10:12 49.139 58.37 30.951 29.98
8/1/98 10:13 49.094 59.42 30.950 29.98
8/1/98 10:14 49.058 59.45 30.952 29.99
8/1/98 10:15 49.024 59.49 30.955 29.99
8/1/98 10:16 48.983 59.53 30.955 29.99
8/1/98 10:17 48.949 59.56 30.953 29.99
8/1/98 10:18 48.913 59.60 30.951 29.98
8/1/98 10:18 48.872 59.64 30.947 29.98
8/1/98 10:20 48.842 59.67 30.949 29.98
8/1/98 10:21 48.813 59.70 30.949 29.98
8/1/98 10:22 48,787 59.73 30.947 29.98
8/1/98 10:23 48.762 59.75 30.950 29.98
8/1/98 10:24 48.716 59.80 30.947 29.98
8/1/98 10:25 48.669 59.85 30.950 29.98
8/1/98 10:26 48.627 59.89 30.950 29.98
8/1/98 10:27 48.608 59.91 30.953 29.99
8/1/98 10:28 48.578 59.94 30.850 29.98
8/1/98 10:29 48.548 59.97 30.950 29.98
8/1/98 10:30 48.528 53.99 30.948 29.98
8/1/98 10:31 48.467 60.05 30.948 29.98
8/1/98 10:32 48.412 60.11. 30.948 29.98
8/1/98 10:33 48.364 60.16 30.945 29.98
8/1/98 10:34 48.321 60.20 30.944 29.98
8/1/98 10:35 48.291 60.23 30.945 29.98
8/1/98 10:36 48.257 60.27 30.945 29.98
8/1/98 10:37 48.231 60.29 30.948 29.98
8/1/98 10:38 48.213 60.31 30.951 29.98
8/1/98 10:39 48.198 60.33 30.848 29.98
8/1/98 10:40 48.167 60.36 30.949 29.98
8/1/98 10:41 48.144 60.38 30.948 29.98
8/1/98 10:42 48.125 60.40 30.948 29.98
8/1/98 10:43 48.109 60.42 30.949 29.98
8/1/98 10:44 48.085 60.44 30.952 29.99
8/1/98 10:45 48.062 60.46 30.951 29.98

€98.04.07



€98.04.07

DATA FOR OB-1D AND OB-2S;

Ratio Ut I8
Time Since  (time since oB-1D 0B-1D 0B-1D 0B-2Si 0B-2Si
Pumping start/time (data (water (draw- (data (water
Date/Time Started  since end) logger) level) down) logger) level)
{minutes) {no units) {no units) (feet below RP) (no units) (feet be;;:
8/1/98 10:46 48.039 60.49 30.953 29.99
8/1/98 10:47 48.021 60.51 30.853 29.99
8/1/98 10:48 48.005 60.52 30.953 29.99
8/1/98 10:49 47.989 60.54 30.955 29.99
8/1/98 10:50 47.968 60.56 30.955 29.99
8/1/98 10:51 47.955 60.57 30.958 29.99
8/1/98 10:52 47.942 60.59 30.955 29.99
8/1/98 10:53 47.932 60.60 30.958 29.99
8/1/98 10:54 47.920 60.61 30.957 29.99
8/1/98 10:55 47.905 60.62 30.957 29.99
8/1/98 10:56 47.884 60.65 30.959 29.99
8/1/98 10:57 47.867 60.66 30.959 29.99
8/1/98 10:58 47.833 60.70 30.955 29.99
8/1/98 10:59 47.817 60.71 30.956 29.99
8/1/98 11:00 47.805 60.73 30.953 29.99
8/1/98 11:01 47.786 60.75 30.956 29.99
8/1/98 11:02 47.775 60.76 30.955 29.99
8/1798 11:03 47.767 60.76 30.953 29.99
8/1/98 11:04 47.755 60.78 30.953 29.99
8/1/98 11:05 47.739 60.79 30.953 29.99
8/1/98 11:06 47.717 60.82 30.957 28.89
8/1/98 11:07 47.706 60.83 30.957 29.99
8/1/98 11:08 47.702 60.83 30.957 29.99
8/1/98 11:09 47.693 60.84 30.956 29.99
8/1/98 11:10 47.671 60.86 30.956 29.99
8/1/98 11:11 47.673 60.86 30.954 29.99
8/1/98 11:12 47.662 60.87 30.951 29.98
8/1/98 11:13 47.661 60.87 30.949 29.98
8/1/98 11:14 47.658 60.88 30.949 29.98
8/1/98 11:15 47.646 60.89 30.946 29.98
8/1/98 11:16 47.621 60.91 30.949 29.98
8/1/98 11:17 47.600 60.93 30.954 29.99
8/1/98 11:18 47.581 60.95 30.954 29.99
8/1/98 11:19 47.573 60.96 30.957 29.99
8/1/98 11:20 50.716 57.77 30.957 29.99
8/1/98 11:21 51.185 57.29 30.947 29.98
8/1/98 11:22 51.582 56.89 30.949 29.98
8/1/98 11:23 51.860 56.60 30.948 29.98
8/1/98 11:24 52.084 56.37 30.948 29.98
8/1/98 11:25 52.275 56.18 30.945 29.98
8/1/98 11:26 52.446 56.01 30.947 29.98
8/1/98 11:27 52.584 55.87 30.945 29.98
8/1/98 11:28 52.697 55.75 30.948 29.98
8/1/98 11:29 52.804 55.64 30.852 29.99
8/1/98 11:30 52.905 55.54 30.947 29.98
8/1/98 11:31 52.998 55.45 30.950 29.98
8/1/98 11:32 53.094 55.35 30.947 29.98
8/1/98 11:33 53.180 55.26 30.947 29.98
8/1/98 11:34 53.261 55.18 30.951 29.98
8/1/98 11:35 50.562 57.92 30.955 29.99
8/1/98 11:36 49.823 58.67 30.957 29.99
8/1/98 11:37 53.024 55.42 30.953 29.99
8/1/98 11:38 53.032 55.41 30.954 29.99
8/1798 11:39 53.196 55.24 30.952 29.99
8/1/98 11:40 53.325 55.11 30.852 29.99
8/1/98 11:41 53.428 55.01 30.952 29.99
8/1/98 11:42 53.516 54.92 30.954 29.99
8/1/98 11:43 53.589 54.84 30.952 29.99
8/1/98 11:44 53.658 54.77 30.955 29.99
8/1/98 11:45 53.722 54.71 30.954 29.99
8/1/98 11:46 53.798 54.63 30.957 29.99




€98.04.07

DATA FOR OB-1D AND OB-2S;

Ratio t/t'£3%
Time Since  (time since g 0B-1D 0B-1D OB-1D4 4 0B-2Si 0B-2Si
Pumping start/time 3 (data {water (draw- (data (water
Date/Time Started  since end logger) level) down logger) level)
(minutes} (no \mi(s)g 1 {no units) (feet below RP) (no units}) (feet be:;;
8/1/98 11:47 53.859 54.57 30.954 29.99
8/1/98 11:48 53.926 54.50 30.957 29.99
8/1/98 11:49 53.996 54.43 30.957 29.99
8/1/98 11:50 54.048 54.38 30.959 29.99
8/1/98 11:51 54,105 54.32 30.959 29.99
8/1/98 11:52 54.148 54.28 30.956 29.99
8/1/98 11:53 54.190 54.23 30.956 29.99
8/1/98 11:54 54.228 5419 30.958 29.99
8/1/98 11:55 54.255 5417 30.958 29.99
8/1/98 11:56 54.289 54.13 30.961 29.99
8/1/98 11:57 54.335 54.09 30.961 29.99
8/1/98 11:58 54.369 54.05 30.962 29.99
8/1/98 11:59 54.416 54.00 30.962 29.99
8/1/98 12:00 54.457 53.96 30.964 29.99
8/1/98 12:01 54.487 53.93 30.860 29.99
8/1/98 12:02 54,532 53.88 30.954 29.99
8/1/98 12:03 54.567 53.85 30.954 29.99
8/1/98 12:04 54.601 53.81 30.955 29.99
8/1/98 12:05 54.624 53.79 30.955 29.99
8/1/98 12:06 54.662 53.75 30.955 29.99
8/1/98 12:07 54.692 53.72 30.955 29.99
8/1/98 12:08 54.724 53.69 30.958 25.99
8/1/98 12:09 54.753 53.66 30.957 28.99
8/1/98 12:10 54.784 53.63 30.960 29.99
8/1/98 12:11 54.814 53.60 30.957 29.99
8/1198 12:12 54.846 53.57 30.962 29.99
8/1/98 12:13 54.860 53.55 30.963 29.99
8/1/98 12:14 54.876 53.54 30.964 29.99
8/1/98 12:15 54.890 53.52 30.962 29.99
8/1/98 12:16 54.921 53.49 30.963 29.99
8/1/98 12:17 54.951 53.46 30.962 29.99
8/1/98 12:18 54.978 53.43 30.963 29.99
8/1/98 12:19 55.001 53.41 30.962 29.99
8/1/98 12:20 55.028 53.38 30.962 29.99
8/1/98 12:21 55.054 53.35 30.963 29.99
8/1/98 12:22 55.077 53.33 30.958 28.99
8/1/98 12:23 55.103 53.30 30.961 29.99
8/1/98 12:24 55.126 53.28 30.958 29.99
8/1/98 12:25 55.133 53.27 30.956 29.99
8/1/98 12:26 55.168 53.24 30.953 29.99
8/1/98 12:27 55.193 53.21 30.955 29.99
8/1/98 12:28 55.201 53.20 30.955 29.99
8/1/98 12:29 55.211 53.19 30.955 29.99
8/1/98 12:30 55.229 53.18 30.961 239.99
8/1/98 12:31 55.234 53.17 30.963 29.99
8/1/98 12:32 55.249 53.16 30.963 29.99
8/1/98 12:33 55.270 53.13 30.962 29.99
8/1/98 12:34 55.290 53.11 30.963 29.99
8/1/98 12:35 55.315 53.09 30.962 29.99
8/1/98 12:36 55.334 53.07 30.963 29.99
8/1/98 12:37 55.350 53.05 30.967 29.99
8/1/98 12:38 55.362 53.04 30.967 29.99
8/1/98 12:39 55.373 53.03 30.967 29.99
8/1/98 12:40 55.395 53.01 30.968 29.99
8/1/98 12:41 55.403 53.00 30.967 29.99
8/1/98 12:42 55.421 52.98 30.965 29.99
8/1/98 12:43 55.436 52.97 30.962 29.99
8/1/98 12:44 55.452 52.95 30.962 29.99
8/1/98 12:45 55.462 52.94 30.962 29.99
8/1/98 12:46 55.475 52.93 30.962 29.99
8/1/98 12:47 55.488 52.91 30.960 29.99




98.04.07

DATA FOR OB-1D AND OB-2S,

Ratio t/t §28)

Time Since 0B-1D OB-1D OB-1D 0B-2Si 0B-28i

Pumping (data (water (data (water

Date/Time Started  since end)# logger) level) down logger) level)
(minutes} (no units) {no units) (feet below RP) (no units} (feet be;opv;

8/1/98 12:48 55.502 52.90 30.955 29.99
8/1/98 12:49 55.521 52.88 30.959 29.99
8/1/98 12:50 55.543 52.86 30.960 29.99
8/1/98 12:51 55.552 52.85 30.959 29.99
8/1/98 12:52 55.562 52.84 30.958 29.99
8/1/98 12:53 55.571 52.83 30.962 29.99
8/1/98 12:54 55.593 52.81 30.9861 29.99
8/1/98 12:55 55.613 52.79 30.962 29.99
8/1/98 12:56 55.627 52.77 30.961 29.99
8/1/98 12:57 55.642 52.76 30.961 29.99
8/1/98 12:58 55.646 52.75 30.961 29.99
8/1/98 12:59 55.658 52.74 30.960 29.99
8/1/98 13:00 55.672 52.73 30.961 29.99
8/1/98 13:01 55.680 52.72 30.962 29.99
8/1/98 13:02 55.691 52.71 30.960 29.99
8/1/98 13:03 55.705 52.69 30.960 29.99
8/1/98 13.04 55.724 52.67 30.959 29.99
8/1/98 13:05 55.747 52.65 30.959 29.99
8/1/98 13:06 55.763 52.83 30.960 29.99
8/1/98 13:07 55.778 52.62 30.961 29.99
8/1/98 13:08 55.793 52.60 30.863 29.99
8/1/98 13:09 55.807 52.59 30.964 29.99
8/1/98 13:10 55.835 52.56 30.965 29.99
8/1/98 13:11 55.853 52.54 30.969 29.99
8/1/98 13:12 55.865 52.53 30.969 29.99
8/1/98 13:13 55.880 52.51 30.969 29.99
8/1/98 13:14 55.887 52.51 30.969 29.99
8/1/98 13:15 55.900 52.49 30.968 29.99
8/1/98 13:16 55.902 52.49 30.968 29.99
8/1/98 13:17 55.906 52.49 30.968 29.99
8/1/98 13:18 55.897 52.50 30.968 29.99
8/1/98 13:19 55.899 52.49 30.968 29.99
8/1/98 13:20 55.891 52.50 30.968 29.99
8/1/98 13:21 55.888 52.51 30.968 29.99
8/1/98 13:22 55.892 52.50 30.968 29.99
8/1/98 13:23 55.888 52.51 30.968 29.99
8/1/98 13:24 55.891 52.50 30.968 29.99
8/1/98 13:25 55.906 52.49 30.968 29.99
8/1/98 13:26 55.922 52.47 30.968 29.99
8/1/98 13:27 55.928 52.47 30.968 29.99
8/1/98 13.28 55.952 52.44 30.967 29.99
8/1/98 13:29 55.965 52.43 30.968 29.99
8/1/98 13:30 55.971 52.42 30.970 258.99
8/1/98 13:31 55.983 52.41 30.971 29.99
8/1/98 13:32 55.988 52.40 30.968 29.99
8/1/98 13:33 55.985 52.41 30.965 29.99
8/1/98 13:34 55.981 52.41 30.965 29.99
8/1/98 13:35 55.983 52.41 30.964 29.99
8/1/98 13:36 55.988 52.40 30.965 29.99
8/1/98 13:37 55.998 52.39 30.966 29.99
8/1/98 13:38 56.006 52.39 30.967 29.99
8/1798 13:39 56.014 52.38 30.967 29.99
8/1/98 13:40 56.025 52.37 30.966 29.99
8/1/98 13:41 56.030 52.36 30.967 29.99
8/1/98 13:42 56.053 52.34 30.967 29.99
8/1/98 13:43 56.056 52.34 30.970 29.99
8/1/98 13:44 56.073 52.32 30.970 29.99
8/1/98 13:45 56.089 52.30 30.970 29.99
8/1/98 13.:46 56.097 52.29 30.970 29.99
8/1/98 13:47 56.109 52.28 30.969 29.99
8/1/98 13:48 56.115 52.28 30.970 29.99




C98.04.07

DATA FOR OB-1D AND OB-2S,

Ratio t/t'
Time Since  (time since; 0B-1D 0B-1D 0B-1D 0B-2Si 0B-2Si
Pumping start/time (data (water (draw- {data (water
Date/Time Started  since end); logger) levet) down) logger) level)
{minutes) (o units) {no units) {feat below RP) rounits) e "eF'fP“;
8/1/98 13:49 56.112 52.28 30.972 29.99
8/1/98 13:50 56.116 52.27 30.968 29.99
8/1/98 13:51 56.124 52.27 30.972 29.99
8/1/98 13:52 56.114 52.28 30.971 29.99
8/1/98 13:53 56.108 52.28 30.967 29.99
8/1/98 13:54 56.111 52.28 30.968 29.99
8/1/98 13:55 56.113 52.28 30.965 29.99
8/1/98 13:56 56.123 52.27 30.963 29.99
8/1/98 13:57 56.126 52.26 30.965 29.99