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INTRODUCTION 

This report presents the results of a water-supply study conducted for the Panorama Point Planned 
Development (Project), near Cottonwood, Shasta County, California (Figure 1).  The Project 
consists of a General Plan Amendment, Zone Amendment, and Tract Map for subdivision of 
approximately 307 acres into 440 lots, ranging in size from 4,000 square feet to over 3 acres 
(Figure 2).  Approximately 130 acres will be preserved as open space.  The Project site is located in 
the northeast portion of the Cottonwood Planning Area, bounded by Locust Road to the west, with 
Trefoil Lane and Balls Ferry Road to the south. 

The Project will be supplied water from the Cottonwood Water District (CWD; Figure 3).   The 
CWD supplies potable water to the town of Cottonwood; its supply consists solely of groundwater.   

As part of the Project, the proponent will install a well at the Project site, a one-million gallon 
storage tank, a booster-pump station, and a back-up power source (generator).  All of this 
infrastructure will be deeded to the CWD, which will make it part of their water-supply system.  
The CWD will be responsible for its operation and maintenance. 

The hydrogeologic investigation consisted of records research, data interpretation, and reporting.  
All work was conducted under the supervision of Ms. Bonnie E. Lampley, California Certified 
Hydrogeologist 626. 

SUMMARY 

HYDROGEOLOGIC SETTING 

The site is located in the Anderson subbasin of the Redding groundwater basin, which is itself the 
northernmost subbasin of the Sacramento Valley groundwater basin (Figure 3).  In the Project 
vicinity, the Redding groundwater basin is filled with Tertiary-age sediments that are thickest in the 
central part of the valley and thin to the east and west.  Locally, the project site is immediately 
underlain by the Red Bluff Formation (capping the hills), which is composed of gravel, cobble and 
boulders in a silt/clay matrix.  Below the Red Bluff Formation is the Tehama Formation, the main 
water-bearing deposit in the basin.  Interfingering with the Tehama Formation is the Tuscan 
Formation, of similar age.  These deposits extend to a depth of 4,000 feet beneath the central part of 
the basin near Cottonwood. 

In the Redding groundwater basin (and extending to the south in the larger Sacramento River 
basin), groundwater occurs essentially everywhere beneath the ground, in the spaces between the 
sedimentary particles.  The groundwater aquifers that yield large quantities of water are found 
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where the groundwater occurs between sand, gravel, and cobbles.  Generally, the spaces between 
sand, gravel, and cobbles are better connected to each other, allowing the water to flow more freely, 
and hence supporting high-yield wells.  Groundwater also occurs in silt and clay layers, but a well 
drilled in a silt or clay layer yields only small quantities of water because the spaces between the silt 
and clay particles are not well connected.   

Based on area well logs, these types of water-bearing deposits (both sand/gravel and silt/clay) 
extend to at least 600 feet below ground surface (bgs) in depth in the vicinity of the site (Figures 4 
and 5; Appendix A).  In the Project site vicinity at the base of the hills flanking the Cottonwood 
Creek valley, initial depth to groundwater (the water table) is about 35 to 40 feet.  Depth to water 
increases as the elevation increases in the hills of the Project site and vicinity.   

The first saturated zone (uppermost aquifer) in the Project vicinity is unconfined (at atmospheric 
pressure).  Deeper zones are semiconfined to confined (at higher than atmospheric pressure).  The 
Project site is in the central part of the basin, and so the direction of the groundwater gradient is 
generally towards the site, towards the axis of the basin (Figure 6).  

Recharge to the Redding basin aquifer is mainly from infiltration of precipitation, especially along 
the margins of the basin; lesser recharge occurs from infiltration of applied water (irrigation) and 
inflow from streams.  Cottonwood Creek both recharges water to groundwater and receives water 
from groundwater, at different locations along its reach in the Redding groundwater basin. 

Natural groundwater level variation in this area is typically about 10 feet seasonally (Figure 7).  
During the 1976 – 1977 drought, water levels declined about 15 to 20 feet.  These are small 
proportions of the minimum total saturated interval (at least 500 feet thick) beneath the site and 
vicinity.  That is, even during severe drought, there is still a thick saturated interval (aquifer) in this 
area.   

PROJECT WATER DEMAND 

Based on the current California Waterworks Standards calculation method, the total project 
groundwater usage will be about 424 acre-feet per year, all residential demand.  The usage of 424 
acre-feet equates to 263 gallons per minute (gpm) for an average-annual pumping rate.  The 
calculated maximum day demand (MDD) is 591 gpm (850,917 gallons per day) for one day.  The 
calculated peak hour demand (PHD) is 886 gpm (53,182 gallons per hour) for one hour.  The PHD 
will be met from storage, not direct pumping from the site’s well. 
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INTERFERENCE IMPACTS 

Interference is the decrease in water level in a well caused by the pumping of a neighboring well.  
For the analysis of interference from Project use, a pumping rate of 263 gpm was used, representing 
the average-annual rate.  Because a test well was not installed for this analysis, aquifer parameters 
used in the analysis were estimated from published data and California Department of Water 
Resources (DWR) well logs. 

At a distance of about 200 feet, the interference would be about 2 feet, at ¼ mile about 1.4 feet, at 1 
mile about 1 foot, at 2 miles about 0.8 feet, and at 5 miles about 0.6 feet (Figure 9).  The closest 
wells, for example the well at the trailer park immediate west of the Panorama well site could 
experience about two feet of interference.  Within about one mile of the well site, there are about 98 
wells that could experience between one and two feet of interference (Figure 8 and Figure 10).  

Based on historical data, water levels have declined up to 20 feet during short, but severe drought 
(e.g., 1976 – 1977) and up to 15 feet during longer drought (e.g., 1987 – 1992).  Even with a 20-
foot decline in water level, there is still a thick saturated interval from which to pump.  Beneath the 
Project site, the aquifer is at least 330 feet thick and the total saturated interval is at least 540 feet 
thick.  Thus, a 20-foot decline, in conjunction with interference of up to two feet from Project 
pumping, should not preclude properly constructed wells (wells that are deep enough into the 
aquifer) from continuing to pump during a drought.   

Based on the foregoing analysis, there will not be significant impacts from interference. 

WATER-SUPPLY IMPACTS 

Total inflow into the groundwater system of the Redding basin is estimated to be 293,600 acre-feet.  
Anderson basin inflow is roughly estimated at 73,400 acre-feet.   

Current groundwater pumping from the Redding basin is estimated to be about 37,300 acre-feet; 
discharge to surface streams is estimated to be about 266,000 acre-feet.  Estimated pumping from 
the Anderson subbasin was 3,000 acre-feet for agriculture and 20,000 acre-feet for municipal and 
industrial uses in 1995.  Assuming an annual 2.15% growth rate (average Shasta County growth), 
gives year 2030 values for agricultural and municipal groundwater pumping of 6,320 and 42,100 
acre-feet, respectively.      

 The total water demand in the Redding basin as of 1997 was 280,460 acre-feet, met mainly with 
surface water.  The projected demand for the year 2030 is 342,350 acre-feet, or an increase of about 
62,000 acre-feet.  Conservatively assuming that all of the additional year 2030 demand will be 
supplied by groundwater gives a total groundwater pumpage for the year 2030 of 99,300 acre-feet.   
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Current total pumpage is about 13% of groundwater inflow/recharge; estimated total future 
pumpage  would be about 33% of groundwater inflow/recharge.  Pumping from the Project would 
be about 0.1% of total Redding basin groundwater inflow.   

Looking at the Anderson subbasin, Project pumping would increase the future municipal pumping 
from the Anderson subbasin by about 1%.  Pumping from the Project would be about 0.6% of the 
estimated subbasin inflow. 

Based on the small percentage that Project pumping would represent of basin inflow/recharge and 
considering historic drought water-level declines of approximately 20 feet, the aquifer would not be 
substantially depleted during average, single-dry, or multiple-dry years with the Project.   

CLIMATE CHANGE 

Climate change could alter the hydrologic regime, such that historic data are not longer 
representative of future conditions.  Climate-change modeling conducted for DWR predicts that 
precipitation patterns will become more variable (there will be more extreme events such as very 
dry or very wet years).  Historical data from recent years suggest that this is already happening.  
Modeling results are fairly consistent with regard to the future type of precipitation – more 
precipitation will occur as rain than as snow fall, especially in the 4,000 to 9,000 foot elevation 
range.  The models are less certain with regard to changes in the amount of precipitation.  Predicted 
changes in precipitation range from no change to a 20% reduction by the year 2050.  Historical data 
from northern California show a slight increasing trend in precipitation since 1890.   

The result of these changes on aquifer conditions in the Redding basin has not been studied.  It is 
uncertain how changes in precipitation patterns (more extreme events) could change groundwater 
levels.  Based on the recent water-level data in a well near the Panorama site (Figure 11), it appears 
that the more extreme precipitation events have not changed overall water levels.  That is, recent 
(deeper) water levels still respond to overall precipitation, not individual extreme events. 

Regarding longer-term impacts, the amount of recharge could be reduced if the amount of 
precipitation (falling either as rain or snow) is reduced.  Assuming a one-to-one decline in 
precipitation vs. recharge, recharge to the Redding basin could decline to about 234,880 (293,600 × 
80%).  The predicted year 2030 groundwater pumping of 99,300 acre-feet represents about 42% of 
this inflow.  Panorama Point pumping represents about 0.2% of this inflow.   

Based on the small percentage (0.2%) that Project pumping would represent of  basin 
inflow/recharge under a scenario of a 20% reduction in basin recharge, the aquifer would not be 
substantially depleted by the Project. 
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WATER QUALITY 

Based on data from well in the area, the groundwater quality of the aquifer in which the water-
supply well will be completed is good.  It is likely that all parameters will be below their respective 
standards.  It is possible that iron and/or manganese treatment will be needed; that type of treatment 
is common. 

Effects on surface water or underlying groundwater quality from stormwater runoff will not be 
significant.  Stormwater runoff from the Project could contain low levels of vehicle fuel byproducts, 
herbicides, pesticides, sediment, and coliform bacteria.  The planned detention basins and open-
flow channels will provide one level of treatment for these contaminants through biofiltration, 
aeration, and adsorption onto soil particles.  Some stormwater will percolate downward towards the 
groundwater table, expected to be between 60 and 100 feet below the bottom of the ponds, which 
will be located at higher elevations of the Project site.  This thickness of sediment will provide 
further treatment, as naturally occurring microorganisms in the soil degrade contaminants and 
further soil adsorption occurs. 

SITE AND VICINITY DESCRIPTION 

LOCATION 

The Panorama Point Planned Development is located east of the town of Cottonwood, California, in 
Sections 36 of Township 30 North, Range 4 West, Section 1 of Township 29 North, Range 4 West, 
and Section 6 of Township 29 North, Range 3 West (Figure 1).  The subject property is 
approximately 307 acres; it is planned to be divided into 440 lots, ranging in size from 4,000 square 
feet to over 3 acres (Figure 2).  Approximately 130 acres will be preserved as open space.  The 
Project site is bounded by Locust Road to the west, with Trefoil Lane and Balls Ferry Road to the 
south. 

Most of the property consists of dissected mesa.  The highest elevation of the mesa is about 600 feet 
above mean sea level (MSL) near the northwest corner of the property.  The lowest elevation is 
about 425 feet MSL in the southeastern part of the property; this is where the water well is proposed 
to be located.  

The Anderson-Cottonwood Irrigation District (ACID) canal flows along and through the southern 
property boundary.  Schmeider Gulch and several unnamed creeks flow generally north to south at 
and near the site; all are tributary to Cottonwood Creek.  Cottonwood Creek, a major drainage, 
flows from west to east about one-half to one mile south of the Project site; Cottonwood Creek is 
tributary to the Sacramento River.  
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GEOLOGY AND STRATIGRAPHY 

The project site is in the Anderson subbasin of the Redding groundwater basin, the northernmost 
subbasin of the Sacramento Valley basin (Figure 3).  The Redding basin is filled with Tertiary-age 
sediments that are thickest in the central part of the valley and thin to the north, east, and west.  

Because the project site is located near the west-central area of the basin, the deposits are relatively 
thick.  The thickest section of sediments in the Redding groundwater basin underlies Cottonwood 
Creek in the vicinity of Cottonwood, to a depth of 4,000 feet.1     

Geologic units occurring in the site vicinity are, from youngest to oldest, recent stream deposits; the 
Pleistocene-age Red Bluff formation; the Pliocene-age Tehama and Tuscan Formations; the 
Oligocene to late-Miocene-age Upper Princeton Gorge Formation;  and the late-Jurassic to 
Cretaceous-age Great Valley Sequence or Chico Formation.2 

Recent stream deposits and dredger tailings are found in unnamed drainage channels and in the bed 
of Cottonwood Creek.  These deposits consist of unconsolidated gravel and sand, which are 
typically underlain by silt and clay deposits.   

The Red Bluff Formation typically consists of distinctly reddish, clayey gravel with some sand.  
The Red Bluff Formation caps the hills across the site and in the vicinity. 

The Tehama Formation generally consists of interbedded clay, silt, sand, and gravel, or mixtures 
thereof, interpreted to be fluvial in origin.3  The Tehama Formation is one of the principal water-
bearing formations in the Sacramento Valley groundwater basin.  The Tehama Formation generally 
is moderately to highly permeable, with moderate to high (100 to over 1,000 gpm) groundwater 
yields.  The Tehama Formation underlies all of the Project site. 

Gravel in the Tehama Formation sediments are composed mainly of greenstone, with lesser 
quantities of metamorphic rock fragments, chert, and occasional granitic rock fragments.  These 
rock types are typically found in the Klamath Mountains and Coast Ranges to the west of the site, 
indicating that Tehama Formation sediments beneath the site are derived from these areas.  Most of 
the gravel clasts are rounded to subrounded, resembling present-day gravel in Cottonwood Creek.   

                                                 
1  California Department of Water Resources, July 1964, Shasta County Investigation, DWR Bulletin 22. 
2  Helley, D. S., and Harwood, E. J., 1985, Cenozoic Deposits of the Sacramento Valley and Northern California, 

U.S.G.S. 
3  Pierce, M. J., 1983, Groundwater in the Redding Basin, Shasta and Tehama Counties, California, U.S.G.S. Water 

Resources Investigations Report 83-4052. 
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Interfingering with the Tehama Formation is the Tuscan Formation.  Sediment in the Tuscan 
Formation was derived from the volcanic terrains to the east of the Sacramento Valley, rather than 
the Coast Ranges.  The Tuscan Formation consists of volcanic mudflows, ash beds, tuff breccias, 
and tuffaceous sandstones and conglomerates.  Four distinct units (A through D) have been mapped 
in the Tuscan Formation.4   

Underlying the Tertiary-age units in the western part of the basin is the Great Valley Sequence or 
Chico Formation.  These units consist of well-consolidated to cemented, interbedded sandstone and 
shale.  Generally, these units contain very poor quality water and have low groundwater yields.  

Figures 4 and 5 show two interpretive cross sections of the Redding groundwater basin (a cross 
section is a vertical slice through geologic layers or units).  Figure 4 shows a roughly north-south 
cross section from the area just east of the end of Rancho Road in Redding to the Nine Mile Hill 
area (the site of the proposed Del Webb Sun City development) in Tehama County.  Figure 5 
shows a roughly west-east section from CWD Well #1 to the McCarley well located east of the 
Project site.  The data for each well shown on the section came from geophysical logs that we 
correlated between wells.  Both sections illustrate that major production wells in the Redding 
groundwater basin pump from essentially the same aquifer:  City of Redding (active), North Fork 
Ranch (inactive, but planned to be used), Vineyards of Anderson (inactive, but planned to be used), 
City of Anderson (active, although not shown on the section), Cottonwood Water District (active), 
Clear Creek CSD (active; emergency supply), and developments south of Cottonwood Creek all 
pump from the same aquifer. 

The approximate location of the planned Panorama Point well is projected on to Figure 5 to 
illustrate the likely geologic materials that will be found at the well site.  The uppermost 100 feet 
likely will consist mainly of interbedded clay/silt and sand/gravel beds, possibly becoming more 
gravelly towards the bottom of that interval.  There likely will be a clayey interval between about 
100 and 120 feet bgs, with more interbedded clay and gravel below that.  Below about 150 feet, is 
likely to be a thick interval of mostly gravel to a depth of at least 300 feet bgs.   

For the interval below 300 feet, there is no specific information for the immediate Project vicinity.  
About two miles west of the planned well site, the CWD Well #4 shows a thick section of clay 
below about 300 feet.  CWD Well #1, about 1.5 miles west of the Panorama Point well site, and 
between CWD Well #1 and the Panorama site, also has clay below 300 feet, but it is interfingered 

                                                 
4  Helley and Harwood, 1985. 
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with thick gravel beds.  If that trend continues to the east, the Panorama site would have more 
gravel than clay below 300 feet.   

GROUNDWATER OCCURRENCE 

Productive groundwater zones beneath the site and vicinity occur in the Tehama and Tuscan 
Formations, with most wells in the area completed in the Tehama Formation.  Wells in the 
immediate vicinity of the site range in depth from less than 100 feet bgs (older domestic wells or 
newer monitoring wells) to generally about 500 feet bgs, and pump from the Tehama or younger 
formations.5   

The groundwater gradient is towards Project site, towards the axis of the basin (Figure 6).  This 
reflects, in part, the recharge area for this part of the basin.  Recharge to the Anderson subbasin is 
mainly from infiltration of precipitation; lesser amounts come from infiltration of applied water 
(about 5,700 acre-feet in 1995) and inflow from surface streams.6  Average rainfall at the Redding 
Fire Station #2 (north of the project site, in west Redding) is about 43 inches per year.7   Overall, 
recharge to the basin has not been well quantified; it is generally estimated from stream discharge 
data and pumping estimates (the two main outflows of the basin).   

Generally, groundwater in the Tehama Formation occurs in a semiconfined to confined condition in 
the central part of the Redding groundwater basin.  This means that wells completed in 
semiconfined or confined aquifers have water levels higher than the top of the aquifer.  For 
example, when drilling into a confined aquifer, the hole might be dry until the top of the aquifer is 
penetrated; once the aquifer is penetrated, the water will rise up in the hole above the top of the 
aquifer because it is under pressure.  A well completed in a confined aquifer where the water level 
is above the land surface is an artesian well. 

Based on information in well logs from wells located along Cottonwood Creek in the Project 
vicinity, at the Project site, the uppermost aquifer is likely unconfined and occurs at about 35 to 40 
feet bgs.  Below this will be a series of aquifers, gradually becoming confined with depth.  There is 
likely at least 500 feet of saturated interval at the Project site.   

                                                 
5  Department of Water Resources (DWR) drillers logs on file, Red Bluff, CA. 
6  DWR, 2003, Bulletin 118, California’s Groundwater, individual basin descriptions on line; 

(http://www.dpla2.water.ca.gov/publications/groundwater/bulletin118/basins/pdfs_desc/5-6.03.pdf).  
7  California Data Exchange Center, on line data. 
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VICINITY WELLS  

There are approximately 340 wells in the immediate project vicinity (Figure 8), and almost all are 
smaller domestic wells, which drillers indicate as having lower yields (mostly less than 50 to 100 
gpm).  These yields generally reflect the wells’ construction or the needs of the property owners for 
less water; these yields are not necessarily reflective the aquifer’s ability to yield more water (the 
aquifer’s transmissivity).  Table 1 shows a summary of the neighboring well depths and yields, 
Appendix A contains a more detailed listing of the characteristics of these wells, and Figure 8 
shows a map of the general locations (by township, range, and section only) for these wells.  Based 
on the DWR well data, most of the wells in the Project vicinity probably are completed in the same 
aquifer as the Panorama Point well will be.   

Table 1:  Summary of Depth & Yield for DWR Wells of Record 

TOWNSHIP 30 NORTH, RANGE 4 WEST – 221 WELLS OF RECORD 

Section 
Number of 

Logs 
Maximum 

Depth 
Median 
Depth 

Minimum 
Depth 

Maximum 
Yield 

Median 
Yield 

Minimum 
Yield 

    feet bgs  feet bgs  feet bgs  gpm  gpm  gpm 

24  29  540  55  16  50  38  35 

25  18  680  110  25  N/A  N/A  N/A 

26  28  508  215  30  40  30  20 

34  1  144  N/A  N/A  N/A  N/A  N/A 

35  8  640  299  110  N/A  N/A  N/A 

36  11  340  210  16  300  225  150 

TOWNSHIP 30 NORTH, RANGE 3 WEST – 42 WELLS OF RECORD 

Section 
Number of 

Logs 
Maximum 

Depth 
Median 
Depth 

Minimum 
Depth 

Maximum 
Yield 

Median 
Yield 

Minimum 
Yield 

    feet bgs  feet bgs  feet bgs  gpm  gpm  gpm 

30  19  263  101  52  100  70  30 

31  23  225  102  65  300  45  30 

TOWNSHIP 29 NORTH, RANGE 4 WEST – 183 WELLS OF RECORD 

Section 
Number of 

Logs 
Maximum 

Depth 
Median 
Depth 

Minimum 
Depth 

Maximum 
Yield 

Median 
Yield 

Minimum 
Yield 

    feet bgs  feet bgs  feet bgs  gpm  gpm  gpm 

1  24  352  110  80  100  35  25 

2  36  520  120  15  2,000  1,600  1,200 

3  10  163  109  46  N/A  N/A  60 

10  44  195  120  50  100  43  20 

11  48  553  60  10  100  50  30 

12  21  490  105  51  100  60  30 
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Table 1:  Summary of Depth & Yield for DWR Wells of Record, continued 

TOWNSHIP 29 NORTH, RANGE 3 WEST – 19 WELLS OF RECORD 

Section 
Number of 

Logs 
Maximum 

Depth 
Median 
Depth 

Minimum 
Depth 

Maximum 
Yield 

Median 
Yield 

Minimum 
Yield 

    feet bgs  feet bgs  feet bgs  gpm  gpm  gpm 

6  15  176  111  50  100  75  75 

7  4  112  110  76  N/A  N/A  40 

DISCUSSION 

PROJECTED WATER DEMAND 

Based on the current California Waterworks Standards calculation method, the total project 
groundwater usage will be about 424 acre-feet per year, all residential demand.  The usage of 424 
acre-feet equates to 263 gallons per minute (gpm) for an average-annual pumping rate.  The 
calculated maximum day demand (MDD) is 591 gpm (850,917 gallons per day) for one day.  The 
calculated peak hour demand (PHD) is 886 gpm (53,182 gallons per hour) for one hour.  The PHD 
will be met from storage, not direct pumping from the site’s well. 

Table 2  shows the data upon which the water-demand calculations are based.  The water use data 
are from Cottonwood Water District.   

Table 2:  Calculation of Water Demand Per California Waterworks Standards 

Year 
Number of 
Connections 

Amount of Water Deliverd 
Amount  per 
Connection

 
Cubic Feet  Acre‐Feet  Acre‐Feet 

2000  957  34,477,010  791  0.83

2001  957  37,767,300  867  0.91

2002  985  40,560,294  931  0.95

2003  1007  38,270,316  879  0.87

2004  1007  40,377,010  927  0.92

2005  1029  41,262,560  947  0.92

2006  1034  44,393,150  1,019  0.99

2007  1056  45,307,300  1,040  0.99

1 acre‐foot equates to 0.61 gpm, therefore: 

Panorama Point Annual Use = 0.61 gpm × 430 parcels = 263 gpm or 424 acre‐feet per year 

Average daily use = Total annual water use ÷ 365 days  378,185 gpd  263 gpm 

MDD = Average daily use × 2.5  850,917 gpd  591 gpm 

PHD = Average hourly flow during MDD × 1.5  53,182 gph  886 gpm 

INTERFERENCE 
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Interference is the decrease in water level in a well caused by the pumping of a neighboring well.  
Different pumping rates yield different amounts of interference over the same time period (a high 
pumping rate causes more interference than a low rate at any given distance).  Conversely, the same 
pumping rate produces more interference when the pumping period is longer.  To evaluate the 
potential interference that wells may cause, pumping rates and times must be used in conjunction 
with the aquifer coefficients of transmissivity and storativity to calculate interference. 

Transmissivity is formally 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 1 foot per foot.  
More simply, transmissivity represents the ability of an aquifer to transmit water – a higher 
transmissivity means water moves more easily through the aquifer.  Because transmissivity depends 
on the saturated thickness of the aquifer, it decreases with increasing drawdown.  Because of this, 
another measure of an aquifer’s ability to transmit water – hydraulic conductivity - is often used to 
compare different aquifers.  Hydraulic conductivity takes into account the aquifer thickness, and so 
is constant no matter what the thickness of the saturated interval is.   

Storativity (or storage coefficient) is formally 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.  In simpler terms, storativity reflects the amount of water the aquifer can 
release to a well for each unit of drawdown.   

During pumping, water is released from storage in different ways, depending upon the 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.  The 
deeper aquifers underlying the project site (in which the Panorama well likely will be completed) 
are confined.   

Transmissivity and storativity can be calculated from aquifer-testing data.  Aquifer testing involves 
pumping a well at a constant rate while simultaneously measuring drawdown in one or more wells.  
Transmissivity also can be estimated from data reported on well logs.  Because site-specific testing 
was not conducted for the Panorama site, the latter method is used here to estimate transmissivity. 

The nearest well with both pumping rate and drawdown reported on the log is a well in T29N R4W 
S2 (log #8180).  Well #8180 was test pumped at 3,100 gpm and showed 51 feet of drawdown.  This 
well was completed in 1949, about one mile to the west of the Panorama well site.  Note that the 



Enplan  May 9, 2008; rev. January 30, 2009 
Hydrogeologic Analysis, Panorama Point Planned Development Page 12 of 17 

007136.00  Lawrence & Associates 
W:\Clients\EnPlan\007136.00 - EIR Support - Panorama Point Development\Panorama_Point_PD_Water_Supply_013009.doc 

age of the well has no bearing on the validity of the hydrogeologic data from the well – there is no 
evidence that the underlying geologic conditions have changed since that time, and more recent 
testing of wells in the general area show results similar to this well.  For example, a new well tested 
at the Holiday Ranch site, about three miles southwest of the Panorama site, showed very similar 
characteristics to Well #8180.8  The Holiday Ranch site well was test pumped at 3,000 gpm and 
showed 52 feet of drawdown.  Based on the geologic setting and data from other well logs, it is 
expected that the Panorama Point well will have similar characteristics. 

Using data from Well #8180, as it is closer to the Panorama Point site, the estimated transmissivity 
is approximately 214,000 gallons per day per square foot (gpd/sq. ft.).  This is based on an 
empirical equation used to estimate transmissivity from pumping rate and drawdown (2,000 × 
pumping rate ÷ drawdown).9  Using a aquifer thickness of 330 feet, based on the geologic layers 
inferred from other nearby wells (Figure 5), this translates to a hydraulic conductivity of about 87 
feet per day (transmissivity divided by aquifer thickness and a conversion of 7.48 gallons/cubic 
foot).  The Holiday Ranch test well showed a hydraulic conductivity of about 400 to 500 feet/day, 
based on an aquifer thickness of 200 feet.  The Holiday Ranch test was more rigorous and thus the 
results possibly better reflect aquifer conditions along Cottonwood Creek near the town of 
Cottonwood.  So as not to underestimate interference, however, the lower value of 87 feet/day will 
be used here to calculate potential interference from the Panorama Point well.   

Figure 9 shows a graph of interference vs. distance for one well pumping at 263 gpm (average-
annual demand) for 180 days and also at 591 gpm (MDD) for seven days.  Appendix B contains the 
calculations, which are based on the modified Theis equation and the calculated aquifer parameters 
from the site testing.  Use of the Theis equation is very conservative in this instance, as it does not 
account for recharge.  That is, it assumes that all pumped water comes from aquifer storage, and 
that none comes from recharge, such as infiltration of rainfall or irrigation water.  

Figure 9 shows that at a distance of about 200 feet the interference would be about 2 feet, at ¼ mile 
about 1.4 feet, at 1 mile about 1 foot, at 2 miles about 0.8 feet, and at 5 miles about 0.6 feet.   

Figure 10 shows a map of the interference calculations from Figure 9.  The closest wells, for 
example at the trailer park immediate west of the Panorama well site could experience about 2 feet 
of interference.  Within about one mile of the well site, there are about 98 wells that could 
experience between one and two feet of interference.  

                                                 
8  Lawrence & Associates,  July 2006, Basic-Data Report, Well Installation, and Aquifer Testing at the Holiday Ranch 

Site Near Cottonwood, Tehama County, California. 
9  Driscoll, F., 1986, Groundwater and Wells, Appendix 16.D. 
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During a drought, water level declines from Project pumping will be added to those caused by the 
drought.  Although water levels in the Redding basin decline during drought, they recover to normal 
levels afterwards.  For example, hydrographs of wells east of the Project site show that water levels 
roughly correlate to precipitation (Figure 7).  This illustrates that the basin is in steady state, where 
inflows equal outflows.  That is, removal of water from the basin (from pumping or other means) 
does not exceed recharge to the basin.   

Looking at water levels in more detail, Figure 11 shows a hydrograph of DWR monitoring well 
29N04W02P, located approximately one to two miles southwest of the Project site.  This well is 
reported by DWR to be semi-confined.  As such, the Panorama Point well is likely to be 
comparable, although more details of the monitoring well’s completion were not provided by DWR. 

In well 29N04W02P, the groundwater level varies with time, and shows obvious changes with 
changing precipitation.  For example, during the 1987 – 1992 drought, the water level declined 
almost 15 feet.  At the end of that drought, water levels recovered up to pre-drought levels within 
three years.  During the critically dry years of 1976 – 1977, the water level also declined about 15 
feet, but recovered within one year.  Recent water levels are similar to those from the late 1960s and 
early 1970s in this well. 

Properly constructed individual wells in this area should be able to continue to produce water under 
similar, or worse, drought conditions.  For example, if water levels declined as much as 40 feet, 
properly constructed wells could still deliver groundwater.  A properly constructed well, as used 
here, is one which is drilled deep enough into the aquifer such that anticipated water-level declines 
can be accommodated.  This is easily achieved in the Project vicinity because the saturated interval 
has sufficient thickness (at least 500 feet).   

A natural 20-foot water-level decline, in conjunction with interference from Project pumping of up 
to 2.5 feet, should not preclude properly constructed wells from continuing to pump during a 
drought.  Thus, there will not be significant impacts from interference. 

ANNUAL PROJECT PUMPING & AVAILABLE GROUNDWATER 

The groundwater budget for the Redding basin as a whole was estimated in the Shasta County 
Water Resources Master Plan.10  Total inflow into the groundwater system of the Redding basin is 
estimated to be 293,600 acre-feet.  Groundwater discharge from the basin is estimated to be about 
37,300 acre-feet from pumping and about 266,000 acre-feet to surface streams.   

                                                 
10  Shasta Co. Water Agency, CH2M Hill, 1997, Shasta County Water Resources Master Plan, Phase 1 Report, 

Current and Future Water Needs, Figure 19 and pp. 101 – 103.   
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The total water demand in the Redding basin as of the date of the Shasta County Water Resources 
Master Plan (1997) was 280,460 acre-feet.  This demand was met mainly with surface water.  The 
projected demand for the year 2030 was 342,350 acre-feet, or an increase of about 62,000 acre-feet.  
To conservatively estimate groundwater-availability impacts, we will assume that all of the 
additional year 2030 demand will be supplied by groundwater.  This gives a total groundwater 
pumpage for the year 2030 of 99,300 acre-feet (62,000 + 37,300 acre-feet).   

Current total pumpage is about 13% of groundwater inflow/recharge (37,300 ÷ 293,600 acre-feet).  
Estimated total future pumpage would be about 33% of groundwater inflow/recharge (99,300 ÷ 
293,600 acre-feet).  Pumping from the Project (424 acre-feet/year) would be about 0.1% of total 
Redding basin groundwater inflow (424 ÷ 293,600 acre-feet).   

Looking at the Anderson subbasin, DWR estimated that agricultural and municipal/industrial 
pumping was 3,000 and 20,000 acre-feet, respectively, in 1995.11   Assuming an annual 2.15% 
growth rate (Shasta County government figure12), gives year 2030 values for agricultural and 
municipal groundwater pumping of about 6,320 and 42,100 acre-feet, respectively.  Panorama Point 
Project pumping would increase the future municipal pumping from the Anderson subbasin by 
about 1% (424 ÷ 42,100 acre-feet).   

The Anderson subbasin covers about 25% of the total area of the Redding basin.  Applying a 25% 
factor to the estimated total basin inflow gives a rough estimate of Anderson basin inflow of 73,400 
acre-feet (25% × 293,600 acre-feet).  Pumping from the Project would be about 0.6% of this inflow 
(424 acre-feet ÷ 73,400 acre-feet). 

During drought years, little to no recharge could occur to the aquifer.  In these years, pumped 
groundwater would come from aquifer storage.  Aquifer storage can be calculated by multiplying 
the areal extent of an aquifer, the aquifer thickness, and the storativity.  Looking solely at the 
aquifer beneath the Panorama site, with a 540-foot thick section of aquifers (based on the inferred 
geologic section, and a saturated interval from about 40 feet bgs to at least 600 feet bgs), an area of 
307 acres, and an average storativity of 0.15 (based on a combination of the aquifer types beneath 
the site, consisting of an unconfined aquifer with a storativity of 0.3 and a confined aquifer with 
storativity as low as 0.0025), the aquifer volume is about 24,800 acre-feet.  Project pumping of 424 
acre-feet per year would represent 1.7% of this volume.     

                                                 
11  DWR, 2003, Bulletin 118, California’s Groundwater, individual basin descriptions on line; 

(http://www.dpla2.water.ca.gov/publications/groundwater/bulletin118/basins/pdfs_desc/5-6.03.pdf).  
12  http://www.co.shasta.ca.us/html/Government/gov_index.htm  
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In reality, the decrease in storage (and associated decrease in water levels) would be spread out over 
a larger area than just the Project site, and be combined with further decreases in storage (and 
declines in water levels) from neighboring pumpers.  Because the calculation of storage depends 
heavily on the values for aquifer thickness and storativity, which are not quantified for many areas 
of the subbasin, it would be speculative to calculate either the storage or potential drought water-
level declines for the entire Anderson subbasin.  Rather, actual monitoring data from the DWR can 
be used to estimate drought water-level declines, as described in the previous section.  These data 
show water level declines of about 20 feet during short-duration, severe drought (1976 – 1977) and 
about 15 feet during a multiple-year drought (1987 – 1992).     

Based on the small percentage (0.1%) that Project pumping would represent of  basin 
inflow/recharge and considering historic drought water-level declines of approximately 20 feet, the 
aquifer would not be substantially depleted during average, single-dry, or multiple-dry years with 
the Project. 

CLIMATE CHANGE 

Climate change could alter the hydrologic regime, such that historic data are not longer 
representative of future conditions.  For example, the Union of Concern Scientists postulate that 
California could have twice as many critically dry years (such as 1976 – 1977) by the year 2070.13  
The California DWR report on climate change and water resources postulates similar scenarios.14  
The DWR report concluded that precipitation patterns have become more variable – that is, there 
are more extreme events, such as very wet or very dry years.  The DWR report also concludes that, 
based on historical data for northern California, there has been a slight increase in precipitation 
since 1890.  Predicted changes in precipitation based on climate-change computer modeling 
presented in the DWR report range from no change to a 20% reduction by the year 2050.   

Another conclusion of the report is that, in the future, more precipitation will occur as rainfall, 
rather than snowfall.  This has the result of decreasing the snow pack that is available for gradual 
runoff into the summer.  With more precipitation as rainfall, there will be more runoff in the winter, 
and less stored as snow.   

The result of these changes on aquifer conditions in the Redding basin has not been studied.  For 
example, it is uncertain how a change to more rainfall than snow will change recharge, it at all.  If 

                                                 
13  http://www.ucsusa.org/clean_california/ca-global-warming-impacts.html  
14  DWR, 2006, Progress on Incorporating Climate Change Into Management of  California’s Water Resources. 
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most recharge to the basin is derived from precipitation falling at about 4,000 feet MSL or lower, 
the change from snow to rain may not have an impact on groundwater levels.   

Likewise it is uncertain how changes in precipitation patterns (more extreme events) could change 
groundwater levels.  Based on the recent water-level data in Well 29N04W02P, it appears that the 
more extreme precipitation events have not changed overall water levels.  That is, recent (deeper) 
water levels still respond to overall precipitation, not individual extreme events. 

Regarding longer-term impacts, the amount of recharge could be reduced if the amount of 
precipitation (falling either as rain or snow) is reduced.  Climate-change modeling predictions range 
from no change to a 20% reduction.  Using the latter value and assuming a one-to-one decline in 
recharge, recharge to the Redding basin could decline to about 234,880 (293,600 × 80%).  The 
predicted year 2030 groundwater pumping of 99,300 acre-feet represents about 42% of this inflow.  
Panorama Point pumping represents about 0.2% of this inflow.   

Based on the small percentage (0.2%) that Project pumping would represent of  basin 
inflow/recharge under a scenario of a 20% reduction in basin recharge, the aquifer would not be 
substantially depleted by the Project. 

WATER QUALITY 

Based on testing results from vicinity wells, the groundwater quality from a well drilled at the 
Panorama Point site should be of good quality.15  Most, if not all, parameters should be below 
Maximum Contaminant Levels (MCL).  It is possible that iron and manganese may be present 
above MCL, and require treatment.  This type of treatment is standard in the Redding basin.    

Runoff from the development has the potential to affect groundwater quality of the uppermost 
aquifer beneath the site.  Runoff from the streets could contain chemical contaminants from 
vehicles (fuel hydrocarbons, for example) and typical residential activities (fertilizers, pesticides, or 
herbicides from yard maintenance).  Concentrations of these compounds will be relatively low 
compared to runoff from commercial areas or city centers.  Petroleum hydrocarbons and nitrogen 
would likely be in the 10 mg/L range; herbicides less than 5 µg/L; insecticides less than 2 µg/L; 
total suspended solids less than 100 mg/L; and metals (from eroded soil particles) less than 10 to 
100 µg/L.16  

                                                 
15  Lawrence & Associates,  July 2006, Basic-Data Report, Well Installation, and Aquifer Testing at the Holiday Ranch 

Site Near Cottonwood, Tehama County, California. 
16  New Jersey Stormwater Best Practices Manual, February 2004, Chapter 1 – Impacts of Development on Runoff. 
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As described in drainage reports for the Project, all stormwater will be routed to detention basins 
via culverts and natural, open channels before discharging off site.17,18  The purpose of the detention 
basins are to retain the runoff from storms so that the post-development stormwater flow is no 
greater than the pre-development stormwater flow.  In addition to detaining stormwater runoff, the 
basins will provide some treatment of contaminants that may be in the runoff. 

Treatment in a detention pond could consist of aeration, adsorption, and degradation in the soil.  
Aeration of the runoff during flow can remove volatile hydrocarbons; vegetated channels can 
provide biofiltration to remove hydrocarbons and suspended particles.  Vegetation in the ponds can 
provide additional biofiltration.  Some of the water in the ponds will infiltrate into the soil beneath 
the detention basins or to groundwater.  In the subsurface, low volatility organic compounds 
(herbicides and pesticides, for example) will adsorb to soil particles.  Naturally occurring 
microorganisms in the soil will degrade the hydrocarbons on and in soil.   

Considering the expected relatively low concentrations of contaminants in the runoff and the 
treatment that will be provided during open-channel flow to the detention basins, in the basins 
themselves, and then in additional open-channel flow downstream of the basins, the impact on 
water quality in Cottonwood Creek, the main receiving water, will not be significant.   

The impact on underlying groundwater is also unlikely to be significant.  The detention basins are 
located in the hilly areas where depth to groundwater is greater than that anticipated in the 
production well.  Depth to groundwater beneath the detention basins likely will range from 60 to 
100 feet.  This thickness of unsaturated sediment will provide treatment for contaminants that may 
be in water percolating downward from the basins.   

 

                                                 
17  Sharrah Dunlap Sawyer, Inc., August 9, 2007, Panorama Planned Development Storage Design Feasibility 

Analysis. 
18  Lawrence & Associates, May 9, 2008, Stormwater Runoff Mitigation Analysis for the Panorama Point Planned 

Development, Cottonwood, Shasta County, California. 
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FIGURE 11

Hydrograph for Well 29N 4W 02P
Approximately One Mile Southwest of PPPD Well Site
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APPENDIX A 

Summary of Vicinity Well Logs 
 

 



Panorama Point Planned Development

File Name Township Range Section Log 
Number Use Drill Date Book Page Parcel Depth 

(feet) Diameter Top of 
Screen 

Bottom of 
Screen 

Estimated 
Yield 

Static Water 
Level Drawdown 

(inches) (feet bgs) (feet bgs) (gpm) (feet bgs) (feet)

46913 29N 03W 6 8171 DOM 2/1/1971 108
49345 29N 03W 6 65112 DOM 4/1/1972 136
46914 29N 03W 6 8172 DOM 3/1/1971 50
54509 29N 03W 6 311369 DOM 2/1/1990 89 40 16 118 98 118 75
57866 29N 03W 6 798849 DOM 11/13/2003 88 320 8 80 6 75 31
53997 29N 03W 6 302581 DOM 8/1/1989 88 330 1 95
49595 29N 03W 6 71461 DOM 6/1/1964 176
53458 29N 03W 6 201730 DOM 3/1/1988 171
54891 29N 03W 6 379617 DOM 8/1/1991 88 32 1 120 75
58103 29N 03W 6 1076046 DOM 5/11/2004 88 330 4 117 6 100 34
52617 29N 03W 6 138981 DOM 11/1/1978 111
51661 29N 03W 6 124595 DOM 9/1/1975 105
51186 29N 03W 6 132065 DOM 6/1/1983 110
50458 29N 03W 6 127336 DOM 4/1/1975 126
52465 29N 03W 6 133017 DOM 3/1/1978 110
52480 29N 03W 7 133042 DOM 6/1/1978 102
56911 29N 03W 7 713800 DOM 10/1/1999 88 34 1 100 6 40 17
53182 29N 03W 7 142968 DOM 12/1/1977 112
46915 29N 03W 7 8173 DOM 6/1/1950 76
50634 29N 04W 1 98999 DOM 3/1/1962 80
56780 29N 04W 1 705566 DOM 1/15/2001 88 260 6 144 6 124 144 25 49 70
52605 29N 04W 1 138965 DOM 9/1/1978 173
50819 29N 04W 1 102396 DOM 10/1/1979 100
50818 29N 04W 1 102393 DOM 10/1/1979 100
51755 29N 04W 1 117174 DOM 6/1/1980 102
51181 29N 04W 1 132051 DOM 4/1/1982 110
51963 29N 04W 1 123727 DOM 3/1/1976 203
46605 29N 04W 1 3139 DOM 3/1/1968 104
49908 29N 04W 1 83322 DOM 6/1/1971 100
54223 29N 04W 1 264162 DOM 4/1/1988 130
50616 29N 04W 1 98953 DOM 9/1/1960 68
58104 29N 04W 1 1076052 DOM 11/2/2004 88 260 18 158 6 100 45
58105 29N 04W 1 1076053 DES 11/5/2004 88 260 18
44785 29N 04W 1 1624 DOM 5/1/1966 128
49420 29N 04W 1 93075 DOM 6/1/1973 235
46712 29N 04W 1 3907 DOM 1/1/1967 80
46564 29N 04W 1 2793 DOM 10/1/1969 148
46916 29N 04W 1 8174 IND 1/1/1951 275
54046 29N 04W 1 369340 DOM 1/1/1991 81 40
49914 29N 04W 1 83523 DOM 11/1/1971 100
50374 29N 04W 1 93905 IND 12/1/1972 352
54283 29N 04W 1 330631 DOM 7/1/1990 100 80 100 30
52627 29N 04W 1 138993 DOM 5/1/1979 110
46917 29N 04W 2 8175 DOM 6/1/1952 92
48007 29N 04W 2 13852 DOM 3/1/1977 151
51991 29N 04W 2 123747 MUN 7/1/1978 270
81604 29N 04W 2 1087666 OTH 5/10/2005 90 410 10 15 2 10 15
81629 29N 04W 2 1087664 MON 5/6/2005 90 410 10 123 2 118 123 96
81630 29N 04W 2 1087662 MON 5/4/2005 90 410 10 119 2 114 119 86
81631 29N 04W 2 1087663 MON 5/6/2005 90 410 1 125 2 120 125 86
81632 29N 04W 2 1087665 OTH 5/9/2005 90 410 1 15 2 10 15

APPENDIX A
Wells of Record



Panorama Point Planned Development

File Name Township Range Section Log 
Number Use Drill Date Book Page Parcel Depth 

(feet) Diameter Top of 
Screen 

Bottom of 
Screen 

Estimated 
Yield 

Static Water 
Level Drawdown 

(inches) (feet bgs) (feet bgs) (gpm) (feet bgs) (feet)

81558 29N 04W 2 1076351 DES 3/15/2005 86 400 1 0
50967 29N 04W 2 112711 DOM 11/1/1976 330
49358 29N 04W 2 65145 DOM 6/1/1972 100
51483 29N 04W 2 128515 DOM 5/1/1974 125
51486 29N 04W 2 128529 DOM 6/1/1974 203
46686 29N 04W 2 3772 MUN 2/1/1967 492
55816 29N 04W 2 484694 DOM 4/1/1992 88 170 20 438 183 438 1200
55815 29N 04W 2 484692 PUB 4/22/1992 88 170 20 438 12 223 438 1200
51663 29N 04W 2 124599 DOM 9/1/1975 202
52338 29N 04W 2 127930 DOM 10/1/1973 80
49350 29N 04W 2 65122 DOM 4/1/1972 100
54447 29N 04W 2 279969 DOM 4/1/1989 88 170 7 128
46918 29N 04W 2 8176 DOM 10/1/1951 120
46919 29N 04W 2 8177 DOM 3/1/1951 29
50826 29N 04W 2 102419 DOM 9/1/1980 163
46920 29N 04W 2 8178 UNK 425
46921 29N 04W 2 8179 DOM 10/1/1950 60
50886 29N 04W 2 107152 DOM 3/1/1965 80
54018 29N 04W 2 368343 IND 2/1/1991 90 410 9 465 165 465 2000
46922 29N 04W 2 8180 IRR 12/1/1949 520 16 3100 22 29
49365 29N 04W 2 65158 DOM 1/1/1974 84
57646 29N 04W 2 784063 DES 4/3/2001 90 410 10 20
57645 29N 04W 2 784062 DES 12/14/2000 90 410 10 16
57644 29N 04W 2 784061 DES 12/14/2000 90 410 10 20
46011 29N 04W 2 49682 DOM 9/1/1970 120
46372 29N 04W 2 8181 UNK 11/1/1935 50
81698 29N 04W 2 1076413 DES 8/11/2005 86 330 6 0
81415 29N 04W 2 1076522 DES 11/17/2005 86 400 4 0
49422 29N 04W 3 93077 DOM 6/1/1973 126
46373 29N 04W 3 8182 DOM 6/1/1952 98
49397 29N 04W 3 112726 DOM 11/1/1976 120
46374 29N 04W 3 8183 DOM 6/1/1960 160
49481 29N 04W 3 65891 DOM 9/1/1972 163
51488 29N 04W 3 128533 DOM 6/1/1974 128
46375 29N 04W 3 8184 UNK 12/1/1935 46
54542 29N 04W 3 311586 DOM 3/1/1990 86 300 23 84 60
49719 29N 04W 3 77830 DOM 3/1/1985 60
52287 29N 04W 3 127383 DOM 6/1/1975 63
54913 29N 04W 10 379681 DOM 11/1/1991 87 180 34 195 75
54044 29N 04W 10 369338 DOM 1/1/1991 87 180 35 114 35
44825 29N 04W 10 18927 DOM 2/1/1977 105
82262 29N 04W 10 1089325 DOM 7/28/2006 110 10 77 180 6 162 178 60 85
51741 29N 04W 10 117147 DOM 5/1/1980 168
46388 29N 04W 10 8197 DOM 2/1/1953 60
51456 29N 04W 10 123038 DOM 6/1/1978 106
51598 29N 04W 10 116429 DOM 6/2/1979 87 18 10 160 6 140 160 25 73
54503 29N 04W 10 311353 DOM 12/1/1989 143 123 143 30
48143 29N 04W 10 16388 DOM 9/1/1977 106
54284 29N 04W 10 330632 DOM 7/1/1990 87 22 1 147 127 147 100
49217 29N 04W 10 62929 DOM 12/1/1971 60
46389 29N 04W 10 8198 DOM 5/1/1952 96
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44824 29N 04W 10 18926 DOM 2/1/1977 124
46390 29N 04W 10 8199 DOM 8/1/1952 60
51067 29N 04W 10 113782 IRR 10/1/1965 146
50260 29N 04W 10 91661 DOM 7/1/1984 133
52458 29N 04W 10 133009 DOM 12/1/1977 110
46391 29N 04W 10 8200 DOM 3/1/1952 50
58089 29N 04W 10 1075800 DOM 3/22/2005 87 190 27 120 6 30 60
82245 29N 04W 10 1076720 DOM 9/11/2006 87 260 2 134 6 60 62
81941 29N 04W 10 1076668 DES 7/11/2006 87 260 2 0
82213 29N 04W 10 406403 DOM 6/14/1993 87 180 4 140 6 120 140 25
51177 29N 04W 10 132046 DOM 11/1/1981 105
52067 29N 04W 10 123973 DOM 10/1/1975 140
50449 29N 04W 10 127316 DOM 1/1/1975 80
55898 29N 04W 10 486362 DOM 6/1/1992 87 190 40 126 60
49721 29N 04W 10 77832 DOM 4/1/1985 110
46392 29N 04W 10 8201 DOM 5/1/1952 56
52457 29N 04W 10 133008 DOM 12/1/1977 112
54294 29N 04W 10 330670 DOM 9/1/1990 87 180 15 138 118 138 75
52076 29N 04W 10 123989 DOM 12/1/1975 125
46856 29N 04W 10 5476 DOM 3/1/1967 123
81575 29N 04W 10 902312 DOM 5/25/2006 87 260 23 128 6 50 38
52898 29N 04W 10 140078 DOM 10/1/1978 110
54507 29N 04W 10 311365 DOM 2/1/1990 163 143 163 30
46393 29N 04W 10 8202 DOM 9/1/1950 52
46736 29N 04W 10 4208 DOM 4/1/1966 104
44809 29N 04W 10 18901 DOM 1/1/1977 120
52320 29N 04W 10 127893 TES 5/1/1974 157
53452 29N 04W 10 201713 DOM 11/1/1987 161
50847 29N 04W 10 102673 DOM 1/1/1965 68
58082 29N 04W 10 1075792 DOM 10/27/2004 87 260 6 140 6 20 65
46002 29N 04W 10 2109 DOM 11/1/1967 97
48475 29N 04W 11 35326 DOM 1/1/1963 110
49362 29N 04W 11 65155 DOM 1/1/1974 140
46394 29N 04W 11 8203 DOM 9/1/1950 60
48643 29N 04W 11 42423 DOM 7/1/1968 72
48642 29N 04W 11 42422 DOM 7/1/1968 72
46395 29N 04W 11 8204 DOM 4/1/1951 48
81935 29N 04W 11 1076610 DOM 5/6/2006 87 250 16 116 6 100 25
46396 29N 04W 11 8205 DOM 6/1/1952 56
52031 29N 04W 11 123809 IND 4/1/1978 210
46109 29N 04W 11 57599 IND 9/1/1961 116
54134 29N 04W 11 263943 MUN 10/1/1988 327
53511 29N 04W 11 212730 MUN 9/1/1988
48838 29N 04W 11 43070 MUN 400
48839 29N 04W 11 43101 MUN 1/1/1953 520
49465 29N 04W 11 65592 DOM 12/1/1963 84
50422 29N 04W 11 94870 DOM 5/1/1964 40
46397 29N 04W 11 8206 DOM 9/1/1951 56
53468 29N 04W 11 207760 IRR 8/1/1987 553
57727 29N 04W 11 797487 MON 8/1/2002 88 110 53 42 2 15 42
57724 29N 04W 11 797481 MON 8/1/2002 88 110 53 45 2 30 45 33
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57723 29N 04W 11 797480 MON 8/1/2002 88 110 53 42 2 32 42
46398 29N 04W 11 8207 DOM 6/1/1952 84
46399 29N 04W 11 8208 DOM 6/1/1952 60
46400 29N 04W 11 8209 DOM 6/9/1952 72 6 53 72 50 24 12
46401 29N 04W 11 8210 DOM 6/1/1951 44
46402 29N 04W 11 8211 DOM 3/1/1952 46
46403 29N 04W 11 8212 DOM 2/1/1951 70
57661 29N 04W 11 784104 MON 12/12/2001 88 5 13 50 2 40 50 29
57663 29N 04W 11 784106 MON 12/11/2001 88 5 13 25 2 5 25 5
57664 29N 04W 11 784107 MON 12/11/2001 88 5 13 20 2 5 20 5
57676 29N 04W 11 784129 MON 11/21/2002 88 5 13 50 2 40 50 35
57677 29N 04W 11 784130 MON 11/21/2002 88 5 13 40 2 30 40 35
57678 29N 04W 11 784131 MON 11/21/2002 88 5 13 45 2 30 45 36
57662 29N 04W 11 784105 MON 12/12/2001 88 5 13 50 2 40 50 29
49482 29N 04W 11 65911 DOM 12/1/1972 120
54632 29N 04W 11 311883 MON 6/1/1990 68 28 63
49216 29N 04W 11 62928 DOM 12/7/1971 78 8 50 78 30 36 30
46582 29N 04W 11 3086 DOM 5/1/1970 83
46404 29N 04W 11 8213 IND 4/1/1953 275
46405 29N 04W 11 8214 DOM 1/1/1952 64
54121 29N 04W 11 503189 MON 4/15/1997 88 5 29 15 2
54122 29N 04W 11 503190 MON 4/15/1997 88 5 29 10 2
56373 29N 04W 11 573364 MON 1/1/1994 88 5 29 15 4 14
54123 29N 04W 11 503191 MON 4/15/1997 88 5 29 15 2
56375 29N 04W 11 573366 MON 1/1/1994 88 5 29 10 3 10
56374 29N 04W 11 573365 MON 1/1/1994 88 5 29 15 4 14
48474 29N 04W 11 35302 DOM 2/1/1958 140
46406 29N 04W 11 8215 DOM 7/1/1950 44
46741 29N 04W 12 4214 DOM 5/1/1966 96
46113 29N 04W 12 60219 IRR 4/1/1972 330
46112 29N 04W 12 60217 IRR 4/1/1972 490
55101 29N 04W 12 406124 DOM 4/1/1993 88 350 23 96 60 30
51184 29N 04W 12 132061 DOM 2/1/1983 105
49926 29N 04W 12 87103 DOM 3/1/1964 96
49078 29N 04W 12 62019 IRR 4/1/1972 330
49077 29N 04W 12 62017 IRR 4/1/1972 490
54296 29N 04W 12 330675 DOM 10/1/1990 88 360 8 110 90 110 75
49509 29N 04W 12 68979 DOM 4/1/1963 64
50061 29N 04W 12 91291 DOM 7/1/1984 190
54025 29N 04W 12 368380 DOM 6/1/1991 88 360 9 120 100 120 35
57362 29N 04W 12 751788 DOM 4/5/2002 88 35 32 104 6 30 32 75
51484 29N 04W 12 128516 IND 5/1/1974 106
46407 29N 04W 12 8216 DOM 12/1/1950 51
56893 29N 04W 12 713732 DOM 9/2/1999 88 35 30 137 6 100 36
49512 29N 04W 12 68988 DOM 12/1/1963 73
48046 29N 04W 12 16203 DOM 3/1/1977 105
51944 29N 04W 12 123703 DOM 10/1/1977 100
46408 29N 04W 12 8217 UNK 272
49506 29N 04W 12 68969 DOM 10/1/1962 69 56 64
58178 30N 03W 30 1077144 MON 7/17/2003 90 32 5 100 4 70 100 51
48671 30N 03W 30 62007 DOM 1/1/1972 92
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81679 30N 03W 30 1077580 DOM 5/1/2005 57 380 57 110 5 90 110 100 24
81609 30N 03W 30 1092834 DOM 10/13/2005 91 330 1 140 6 80 48
56340 30N 03W 30 553182 DOM 2/28/1995 91 32 10 80 6 60 41
49515 30N 03W 30 68993 DOM 2/1/1964 72
49709 30N 03W 30 77817 DOM 3/1/1987 101
51035 30N 03W 30 113546 DOM 10/1/1976 103
51034 30N 03W 30 113545 DOM 10/1/1976 103
46719 30N 03W 30 4075 DOM 7/1/1967 263
54289 30N 03W 30 330656 DOM 8/1/1990 90 300 260 104 84 104 35
57226 30N 03W 30 750673 DOM 4/29/2002 91 320 6 182 6 177 185 100 46
51396 30N 03W 30 127122 DOM 7/1/1976 65
49705 30N 03W 30 77811 DOM 1/1/1984 160
50808 30N 03W 30 102377 DOM 9/1/1979 80
57903 30N 03W 30 799276 DOM 9/30/2003 91 320 9 145 6 100 45
46445 30N 03W 30 8254 DOM 2/1/1952 52
56322 30N 03W 30 573859 DOM 9/1/1993 90 27 2 97 60 51
57334 30N 03W 30 751554 DOM 6/11/2002 90 27 7 100 6 30 56
55777 30N 03W 31 451484 DOM 7/24/1996 91 25 20 100 6 45 54
57312 30N 03W 31 751439 DOM 3/15/2002 91 250 17 115 6 30 55
49911 30N 03W 31 83505 DOM 8/1/1971 185
49927 30N 03W 31 87104 DOM 3/1/1964 96
56009 30N 03W 31 510495 DOM 8/11/1997 91 25 23 106 6 100 51
48983 30N 03W 31 49405 DOM 9/1/1968 92
46020 30N 03W 31 50107 DOM 8/1/1970 176
49483 30N 03W 31 65920 DOM 3/1/1973 204
51392 30N 03W 31 127118 DOM 3/1/1976 94
51567 30N 03W 31 140051 DOM 9/1/1978 102
52816 30N 03W 31 216372 DOM 4/1/1990 91 310 4 160 300
48974 30N 03W 31 49394 DOM 7/1/1970 76
46446 30N 03W 31 8255 DOM 6/1/1953 65
48141 30N 03W 31 16380 DOM 7/1/1977 225
55774 30N 03W 31 451481 DOM 7/22/1996 91 28 4 97 6 60 45
46030 30N 03W 31 50140 DOM 5/1/1971 100
51193 30N 03W 31 132143 DOM 6/1/1981 107
54026 30N 03W 31 368381 DOM 6/1/1991 91 250 21 105 85 105 30
50784 30N 03W 31 99530 DOM 9/1/1981 119
55100 30N 03W 31 406114 DOM 6/1/1993 91 250 22 100 40 54
56714 30N 03W 31 573972 DOM 5/1/1994 90 31 8 100 40 55
48004 30N 03W 31 12918 DOM 3/1/1971 80
56503 30N 03W 31 554818 DOM 7/1/1994 91 24 9 150 100 67
57812 30N 04W 24 798312 DOM 12/29/2002 306 300 9 245 6 205 245 7 40
52508 30N 04W 24 135019 DOM 12/1/1979 100
57681 30N 04W 24 784145 DES 12/14/2000 90 10 11 15
57680 30N 04W 24 784144 DES 12/14/2000 90 10 11 15
57679 30N 04W 24 784143 DES 12/14/2000 90 10 11 15
48015 30N 04W 24 13862 DOM 7/1/1977 72
49297 30N 04W 24 78782 DOM 11/1/1963 55
50434 30N 04W 24 106960 DOM 3/1/1965 72
54799 30N 04W 24 368164 DOM 12/1/1990 104 60 104 40
47191 30N 04W 24 8430 DOM 10/1/1970 124
56073 30N 04W 24 513140 MON 8/5/1999 90 10 11 16 2 5 16
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56072 30N 04W 24 513139 MON 8/5/1999 90 10 11 16 2 5 16
56071 30N 04W 24 513138 MON 8/5/1999 90 10 11 16 2 5 16
56059 30N 04W 24 513106 MON 8/5/1999 90 10 11 16 2 5 16
56057 30N 04W 24 513104 MON 8/5/1999 90 10 11 16 2 5 16
47192 30N 04W 24 8431 DOM 9/1/1950 68
47193 30N 04W 24 8432 DOM 8/1/1950 32
48842 30N 04W 24 46263 DOM 6/1/1957 79
47194 30N 04W 24 8433 DOM 5/1/1951 72
47195 30N 04W 24 8434 DOM 8/1/1951 95
47196 30N 04W 24 8435 UNK 8/1/1963 540
56502 30N 04W 24 554812 DOM 6/1/1994 201 69 16 118 35 52
47197 30N 04W 24 8436 DOM 8/1/1950 60
47198 30N 04W 24 8437 DOM 9/1/1950 60
82118 30N 04W 24 1076606 DOM 5/10/2006 52 270 7 80 6 50 9
47199 30N 04W 24 8438 DOM 10/1/1951 71
47200 30N 04W 24 8439 DOM 12/1/1950 90
47201 30N 04W 24 8440 DOM 6/1/1951 40
55163 30N 04W 24 407116 MON 9/1/1993 90 90 5 58 48 58
55164 30N 04W 24 407117 DES 10/1/1993 90 90 5 58
53779 30N 04W 24 334088 MON 1/1/1989 90 9 5 41 20 40
53778 30N 04W 24 334087 MON 1/1/1989 90 9 5 34 12 32
53777 30N 04W 24 334086 MON 1/1/1989 90 9 5 55 35 53
53776 30N 04W 24 334085 MON 1/1/1989 90 9 5 43 22 42
52388 30N 04W 24 129285 TES 1/1/1975 44
52394 30N 04W 24 129296 TES 3/1/1975 35
52389 30N 04W 24 129286 TES 1/1/1975 46
52393 30N 04W 24 129295 TES 3/1/1975 28
52387 30N 04W 24 129284 TES 1/1/1975 27
47202 30N 04W 24 8441 DOM 11/1/1950 30
47203 30N 04W 24 8442 DOM 10/1/1951 62
58168 30N 04W 25 1077130 MON 6/28/2003 200 4 150 200 77
58169 30N 04W 25 1077131 MON 6/30/2003 120 4 100 120 54
47204 30N 04W 25 8443 IND 6/1/1950 88
46322 30N 04W 25 1605 DOM 108
47205 30N 04W 25 8444 DOM 4/1/1951 105
47207 30N 04W 25 8446 UNK 10/1/1963 680
47206 30N 04W 25 8445 UNK 1/1/1963 573
47208 30N 04W 25 8447 DOM 9/1/1951 58
46786 30N 04W 25 4466 IRR 6/1/1955 200
47209 30N 04W 25 8448 UNK 9/1/1950 339
58641 30N 04W 25 1087238 MON 2/11/2005 90 37 1 110 2 100 110 86
58236 30N 04W 25 1087210 MON 1/13/2005 90 37 1 25 2 15 25
58235 30N 04W 25 1087209 MON 1/12/2005 90 370 1 117 2 96 116 92
58234 30N 04W 25 1087208 MON 10/28/2004 90 37 1 110 2 100 110 88
81606 30N 04W 25 1092833 DES 10/13/2005 90 370 1 0
53655 30N 04W 25 215967 DES 2/1/1988
53656 30N 04W 25 215968 DES 2/1/1988
49617 30N 04W 25 71485 DOM 5/1/1962 100
49772 30N 04W 26 79262 DOM 11/1/1963 84
54654 30N 04W 26 311959 MUN 9/1/1990 202 50 14 422 210 395
57873 30N 04W 26 798905 DOM 8/27/2003 90 36 23 97 6 35 59
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54397 30N 04W 26 279418 DOM 5/1/1989 90 360 36 154
56336 30N 04W 26 553146 DOM 4/16/1996 86 7 36 372 6 30 280
56568 30N 04W 26 555398 DOM 9/1/1994 86 7 33 305 30 248
52960 30N 04W 26 142951 DOM 1/1/1977 65
52402 30N 04W 26 132003 DOM 8/1/1980 190
52246 30N 04W 26 125265 DOM 9/28/1981 86 7 35 307 6 290 304 30 271
53463 30N 04W 26 207740 DOM 7/1/1987 357
52900 30N 04W 26 140080 DOM 11/1/1978 330
52620 30N 04W 26 138984 DOM 3/1/1979 330
57221 30N 04W 26 750659 DOM 10/20/2001 90 36 29 274 6 40 225
50753 30N 04W 26 101936 DOM 4/1/1980 277
48284 30N 04W 26 16972 IND 7/1/1977 210
56022 30N 04W 26 510918 DOM 3/6/1998 86 7 29 297 6 30 243
56021 30N 04W 26 510917 DOM 3/6/1998 86 7 29 30
53498 30N 04W 26 212666 DOM 7/1/1982 224
53271 30N 04W 26 184452 IND 12/1/1986 496
53276 30N 04W 26 184467 IND 4/1/1987 508
53242 30N 04W 26 184007 IND 11/1/1986 220
82918 30N 04W 26 1088971 DOM 8/10/2006 90 360 4 145 6 20 105
58240 30N 04W 26 1087220 MON 9/30/2004 90 36 33 140 2 120 140 99
58238 30N 04W 26 1087215 MON 9/30/2004 90 36 33 138 2 118 138 86
58237 30N 04W 26 1087214 MON 9/30/2004 90 36 33 165 2 145 165 81
83113 30N 04W 26 1075624 DES 5/16/2006 90 360 37 74
83112 30N 04W 26 1075623 DES 5/16/2006 90 360 33 100
83114 30N 04W 26 1075625 DES 5/16/2006 90 360 37 65
49278 30N 04W 34 78564 DOM 9/1/1983 144
49295 30N 04W 35 78623 DOM 8/1/1983 418
51574 30N 04W 35 140061 DOM 9/1/1978 300
49923 30N 04W 35 86483 MUN 7/1/1963 640
49812 30N 04W 35 99620 DOM 10/1/1981 325
52699 30N 04W 35 140012 DOM 8/1/1979 110
51197 30N 04W 35 132303 DOM 6/1/1981 120
46493 30N 04W 35 1824 IND 6/1/1966 298
46326 30N 04W 35 1609 DOM 3/1/1966 192
44813 30N 04W 36 18905 DOM 1/1/1977 210
52001 30N 04W 36 123763 DOM 8/1/1978 220
48898 30N 04W 36 48868 DOM 5/1/1969 208
54847 30N 04W 36 503033 DOM 12/3/1996 90 38 27 245 8 300 167
52920 30N 04W 36 140111 DOM 10/1/1978 340
81621 30N 04W 36 1089229 DOM 6/6/2006 90 380 27 265 6 150 180
56076 30N 04W 36 513143 MON 7/19/1999 90 41 10 16 2 5 16
56074 30N 04W 36 513141 MON 7/19/1999 90 41 10 21 2 5 21
56075 30N 04W 36 513142 MON 7/19/1999 90 41 10 21 2 5 21
53052 30N 04W 36 214436 DOM 7/1/1985 218
53016 30N 04W 36 217023 DOM 6/1/1986 120
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AQUIFER-ANALYSIS THEORY 

Although there was not a site-specific aquifer test conducted for the Panorama Point Planned 
Development, the following discussion of how aquifer parameters are calculated is included 
because the equations were used for the interference calculations. 

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 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 1 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 
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.  The deep aquifer underlying the project site is unconfined. 

THEIS NONEQUILIBRIUM EQUATION 

For confined aquifers, values of transmissivity and storage are determined from the basic Theis 
nonequilibrium equation (or a simplification of Theis, the Cooper-Jacob method).  This 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: 

  s = (114.6 × Q × W[u]) ÷ 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 
 W[u]  = “well function of u”; W[u] is shorthand for the exponential function 
   (-0.5772)-(ln(u))+(u)-(u2/2×2!)+(u3/3×3!)-(u4/4×4!)... 
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where: 
 u = (1.87 × r2 ×  S) ÷ T × t  

 

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 
 T = coefficient of transmissivity, in gpd/ft of aquifer thickness 
 t  =  time since pumping began, in days 
    

In unconfined aquifers transmissivity decreases with increasing drawdown, because the water level 
in the aquifer is actually being lowered (the water level is equal to the elevation head).  This means 
that there is not only horizontal flow to the well, but there is also a vertical component, which will 
increase the closer you get to the well.  

Since transmissivity in unconfined aquifers is not constant, the measured drawdown is corrected, 
and then the pumping test is interpreted as being in a confined aquifer.  Jacob (1944) proposed the 
following correction (which is used by the Aquifer Test software): 

scor =  s - (s2/2D)  

where:  

scor = the corrected drawdown  
s = measured drawdown  
D = original saturated aquifer thickness  

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. 

2. The formation has uniform thickness. 
3. The formation has infinite areal extent. 
4. The formation receives no recharge from any source (all water comes from storage).  
5. The pumped well penetrates and receives water from the full thickness of the water-

bearing formation. 
6. The water removed from storage is discharged instantaneously with lowering of the 

pressure head. 
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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 relatively 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 or 
the Cooper-Jacob method which is a simplification of the modified Theis method.  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 = (35 × Q) ÷ Δs 
where:    
 T = Coefficient of transmissivity, in ft2/day of aquifer thickness 
  Q  = Pumping rate, in gpm 
  Δs = Drawdown (or recovery), in feet per log cycle 
    

Storage coefficient is determined using the following formula, when drawdown is detectable in an 
observation well: 

 S =  ( T × to) ÷ (640 × r2) 
where:    
 S = coefficient of storage, dimensionless 
 T = coefficient of transmissivity, in ft2/day of aquifer thickness 
  to = time at 0 feet of drawdown, in days 
  r = distance to center of pumping well, in feet 
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Flow Rate 225 gpm
Duration 180 days
Hydraulic conductivity 87 feet/day
Aquifer thickness 330 feet
Storage coefficient 2.50E-04

Q/4piT days ft u(r) W(u)

Calculated 
Drawdown 

(feet)

Drawdown With 
Jacob Correction 

(feet)
0.12006066 180 0.25 0.00000000 27.3337 3.282 7.655
0.12006066 180 100 0.00000012 15.3507 1.843 2.847
0.12006066 180 200 0.00000048 13.9645 1.677 1.915
0.12006066 180 500 0.00000302 12.1319 1.457 1.579
0.12006066 180 1000 0.00001209 10.7456 1.290 1.047
0.12006066 180 1500 0.00002721 9.9347 1.193 0.619
0.12006066 180 2000 0.00004838 9.3593 1.124 0.548
0.12006066 180 2500 0.00007559 8.9131 1.070 0.405
0.12006066 180 3000 0.00010885 8.5485 1.026 1.026
0.12006066 180 3500 0.00014815 8.2402 0.989 0.989
0.12006066 180 4000 0.00019351 7.9732 0.957 0.957
0.12006066 180 4500 0.00024491 7.7377 0.929 0.929
0.12006066 180 5000 0.00030235 7.5270 0.904 0.904
0.12006066 180 6000 0.00043539 7.1625 0.860 0.860
0.12006066 180 7000 0.00059261 6.8543 0.823 0.823
0.12006066 180 8000 0.00077402 6.5875 0.791 0.791
0.12006066 180 9000 0.00097962 6.3521 0.763 0.763
0.12006066 180 10000 0.00120941 6.1416 0.737 0.737
0.12006066 180 12500 0.00188971 5.6960 0.684 0.684
0.12006066 180 15000 0.00272118 5.3322 0.640 0.640
0.12006066 180 20000 0.00483765 4.7589 0.571 0.571
0.12006066 180 25000 0.00755883 4.3154 0.518 0.518
0.12006066 180 60000 0.04353884 2.6000 0.312 0.312
0.12006066 180 70000 0.05926119 2.3070 0.277 0.277
0.12006066 180 80000 0.07740238 2.0575 0.247 0.247
0.12006066 180 90000 0.09796238 1.8416 0.221 0.221
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