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EXECUTIVE SUMMARY 
Public Law 108-204, Sec. 125, authorized Reclamation to conduct a feasibility 
study for a water supply and distribution system to serve the Santee Sioux Nation 
and adjacent communities.  An interim product of that study entitled “Draft, 
Feasibility Study for Water Supply System, Economics and Water Demand 
Analyses Components, FY2006” projected that the water demand in the year 2050 
for the Santee Sioux Reservation and adjacent Village of Niobrara would be 
337,725 gallons per day of treated water.  The peak month daily demand is 
projected to be 675,451 gallons per day.  This Report documents the 
geohydrologic evaluation of potential water supply sites within the vicinity of the 
Village of Santee and provides design data suitable for feasibility level designs 
and cost estimates. 
 
The geohydrologic evaluation was conducted in two phases.  The first phase 
reviewed existing data and identified five sites within the vicinity of the Village 
of Santee that appeared to hold potential for a water supply system.  An 
exploratory drill hole was installed at each of the identified sites, samples of the 
downhole materials were obtained for laboratory testing, and depth to water was 
measured (or estimated).  The second phase consisted of prioritizing the identified 
sites, selecting one site for further testing, conducting an aquifer test at the 
selected site, and completing the analysis of the test data. 
 
Two exploratory drill holes, designated DH-1 and DH-2,  were previously 
completed in 1993 near the Village of Santee along the banks of the Missouri 
River about 2000 feet upstream of the Village. Phase 1 of this evaluation 
identified five additional sites for exploratory drilling, designated DH-3 through 
DH-7.  DH-3 and DH-4 were completed in October of 2006, and DH-5, DH-6, 
and DH-7 were completed in April of 2007. 
 
All sites were drilled to top of bedrock, the material sequence was logged, and 
several Standard Penetration Test (SPT) drive core samples of the materials were 
collected for laboratory analysis.  The depth to bedrock in the seven exploratory 
drill holes ranged from 38.5 to 99.4 feet below ground surface.  The materials 
encountered in the drill holes consisted primarily of alluvial deposits of sands, 
silts, lean clays, and some gravels.  Bedrock in DH-1 was identified as Carlile 
Shale, bedrock in all the other drill holes was identified as chalk or shaly chalk of 
the Niobrara Formation. 
 
Due to the proximity of six of the sites to the Missouri River, the sites were 
evaluated as to their potential suitability for four different types of water supply 
systems:  bed-mounted infiltration galleries, on-land infiltration galleries, radial 
infiltration galleries, and traditional vertical wells.  DH-7 site was only evaluated 
as a potential site for traditional vertical wells due to its distance from the 
Missouri River. 
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Estimated hydraulic conductivities for each site were obtained from the gradation 
analyses of the material samples collected.  Conductivities were estimated using 
the Bureau of Reclamation (USBR) Method developed by Creager, Justin, and 
Hinds (1945).  For Phase 1, it was assumed that the water would require Reverse 
Osmosis (RO) treatment and it would be between 75% to 85% efficient – that is, 
75% to 85% of the feed water to the treatment plant would end up as treated 
product water, and 25% to 15% would be discharged as brine water.  Based on 
this assumption, and using a conservative estimate of RO efficiency of 75%, the 
daily demand and peak month daily demand for feed water would be 450,300 (or 
about 312 gallons per minute - gpm) and 900,600 (or about 625 gpm) gallons per 
day respectively. 
 
Based on the raw water volumes needed for treatment, six of the seven 
exploratory sites were evaluated for their potential as suitable sites for the four 
types of water supply systems, and the seventh site for its suitability for traditional 
vertical wells.  Bed-mounted infiltration galleries would be technically viable at 
all the sites with the exception of DH-7 due to its distance from the Missouri 
River.  On-land infiltration galleries would only be technically viable at DH-6 due 
to the excessive lengths of infiltration pipe required.  Radial infiltration galleries 
would be technically viable at all seven sites, but because of the small peak 
demand of less than 1 million gallons per day a radial infiltration gallery would 
probably not be economical.  Traditional vertical production wells are technically 
viable at all seven sites.  Table ES-1 summarizes the maximum drawdown, 
theoretical maximum yield per well at each site at the indicated drawdown, and 
the theoretical optimal yield per well at each site. 
 
Table ES-1.  Theoretical well yields at sites DH-1 through DH-7. 

Parameter DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7
Maximum 
Drawdown (ft) 

45 30.5 16.5 30.5 19 24 10.5 

Maximum Yield 
(gpm) 

537 111 25 335 89 705 451 

Optimal Yield (gpm) 360 74 17 225 60 472 302 
 
Maximum drawdown is set at 50% of the saturated thickness at the well site; 
maximum yield assumes a 100% efficient well; optimal yield assumes a generally 
recognized lower limit within the water well industry for well efficiency as being 
67%. 
 
A ranking system was used to prioritize the seven sites for further testing.  The 
ranking system included such criteria as estimated aquifer characteristics, type of 
supply system, relative potential yields, access, existing infrastructure, an RO 
treatment system, and tribal preferences.  Based on these criteria, DH-7 site was 
selected as the preferred site for further evaluation. 
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Phase 2 consisted of an aquifer test conducted at the DH-7 site between October 9 
and 12, 2007.  The test layout consisted of one pumping well and four observation 
wells.  Testing consisted of one 2-hour variable rate test to determine the 
maximum discharge possible from the test well, and one 24-hour constant rate test 
at 425 gpm.  Water levels in all five wells were recorded using an automated data 
logger and pressure transducers during the pumping and recovery portions of the 
test.  Additionally, manual water level readings were obtained on all five wells 
during the test, and the pump discharge was measured hourly during the pumping 
portion of the test. 
 
The calculated transmissivities from the observation well test data varied between 
2.59x104 and 4.18x104 ft2/day.  The average transmissivity based on just the 
observation well recovery data, and the average transmissivity based on the 
recovery data from all five wells are 3.26x104 and 3.71x104 ft2/day respectively.  
Extrapolating the 3.26x104 ft2/day transmissivity to a projected future well field at 
the DH-7 site indicates that the aquifer at the site could sustain a well with an 
estimated peak yield of approximately 625 gpm over a sustained period of time 
without well drawdown exceeding 50% of the saturated thickness. The estimated 
daily demand of approximately 312 gpm is well within the capability of the 
aquifer to support the demand over a long sustained period without the drawdown 
exceeding 25% of saturated thickness. 
 
Results of water quality analyses for two water samples collected during the 24-
hour test indicated that the water quality did not exceed any EPA Primary 
Drinking Water Standards.   However, EPA secondary standards were 
significantly exceeded for Total Dissolved Solids (TDS) and sulfate.  High levels 
of TDS and sulfate will produce taste and odor problems.  The water was also 
extremely hard which could lead to scaling.  Scale adversely affects plumbing 
fixtures in homes, especially water heaters and washing machines.  Other 
constituents detected that may be of potential but not immediate concern were 
manganese, total organic carbon (TOC) and radionuclides (alpha particles). 
 
Based on the existing data, and the results of this evaluation, the DH-7 site should 
provide a reliable water supply to meet the Village of Santee water needs out to 
the year 2050, although the high TDS will require more rigorous treatment.  
Sufficient data were gathered to develop feasibility cost estimates for a water 
supply source and treatment facility. 
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Santee Water Evaluation Report 

1.0  Background 
This report documents the evaluation of the suitability of several sites for a source water 
supply system along or in close proximity to the Missouri River within or near the Santee 
Indian Reservation, Knox County, Northeast Nebraska.  The evaluation examined the 
potential for installing several different types of supply systems, including different 
infiltration gallery designs as well as more traditional vertical wells along the Missouri 
River in close proximity to the Village of Santee on the Santee Indian Reservation that 
would be capable of yielding a raw water peak month daily supply demand of 900,600 
gallons per day (gpd)(or approximately 625 gpm, or roughly 1.4 cubic feet per second -
cfs). 
 
The evaluation examined the features and parameters of a number of different types of 
collector intake systems and traditional vertical wells.  It also examined the existing 
lithologic information and hydrologic information related to the Missouri River alluvial 
sediments in the vicinity of the Village of Santee.  Information sources are listed in the 
Reference section at the end of this document.  For the evaluation of the Ranney-Type 
Collector system, this review looked at a report from International Water Consultants, 
Inc. for the City of Bismarck titled “Horizontal Collector Well Feasibility Study; Report 
of Findings” dated February 17, 2004.  The International Water Consultants, Inc report 
presents the practical aspects for calculating the yields and other parameters for a 
Ranney-Type Collector system.  Hantusch and Papadopulos (1962) derived a series of 
equations for radial collector wells for both confined and unconfined aquifers.  The report 
by the International Water Consultants, Inc uses the Hantush and Papadapulos equation 
for collector wells near a stream in a water-table aquifer (Hantush and Papadopulos, 
1962, Eq. 25). 
 
The evaluation was conducted in two phases, both of which involved field activities.  
Phase 1 of the evaluation was to review existing literature and previous drilling reports 
for wells in the area.  The Phase 1 field program installed and evaluated 5 drill holes in 
the vicinity of the Village of Santee.  Thiele Geotech Inc. of Omaha, NE was contracted 
to drill and sample three exploration holes in or near the alluvial deposits of the Missouri 
River near Santee, NE.  Two of the three holes (designated DH-3 and DH-4) were 
successfully completed in October 2006.  Materials were encountered in the third hole 
(DH-5) which prevented completion of that hole with the specified wash-boring drilling 
method employed.  Thiele Geotech Inc. subsequently finished DH-5 and two additional 
holes (DH-6 and DH-7) in April 2007 using a hollow-stem auger.  Two previous drill 
holes (DH-1 and DH-2) were completed in August 1993 and are documented in ‘Water 
Supply Investigation for the Village of Santee’ by L. Cast, dated June 1994.  Logs of 
these drill holes are included in Appendix A.  All exploratory drill holes were backfilled 
and abandoned in accordance with local and state requirements. 
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The Phase 2 field program installed and pumped a test well, and installed 4 observation 
wells at the preferred site as determined from the evaluation of the previous drill holes 
and the Phase 1 field activity drill holes.  The new pumping well and observation wells 
were used to conduct an aquifer test to determine aquifer hydraulic properties.  These 
properties were used to assess feasibility and develop/prepare feasibility-level design 
costs for a water supply system using an appropriate technology – either a type of 
collector system or traditional vertical wells. 

2.0  Purpose and Need  
A recent planning document (US Bureau of Reclamation, 2006) projected that the Village 
of Santee treated water demand in 2050 will be 337,725 gallons per day (gpd) (0.337 
Million Gallons per Day - MGD), with a peak month daily demand of 675,451 gpd 
(0.675 MGD).  These demands are for treated product water from a planned RO 
treatment plant.  A planning estimate for the Santee’s RO recovery is between 75% and 
85% of the raw feed water would be treated product water (see Water Quality Discussion 
in Section 4.5).  Actual recovery may be higher than this, but it depends on the 
concentrations of contaminants and the selected properties of the RO membrane.  For the 
purposes of this feasibility evaluation, a conservative recovery value of 75% will be used 
for estimating raw feed water amounts.  Accordingly, the estimated raw feed water 
amounts using the conservative estimate of 75% recovery from the RO plant would be 
450,300 gpd (0.45 MGD, or 312.7 gpm, hereafter rounded to 312 gpm) with a peak 
month daily demand of 900,600 gpd (0.900 MGD, or 625.5 gpm, hereafter rounded to 
625 gpm).  The remainder of this report will simply use the 312 and 625 gpm values in 
calculations and tables, unless noted otherwise. 
 
The current water supply system (water source supply and treatment capacity) does not 
have the capacity to meet the anticipated demands.  Accordingly, a new reliable source of 
raw water is needed in order for the Village of Santee to meet anticipated 2050 demands 
(US Bureau of Reclamation, December 8, 2005, “The Santee Sioux Reservation Water 
Supply Study Feasibility Study Alternatives Formulation/Screening Process Support 
Document”).  The Purpose of this report is the evaluation of potential water supply sites 
within the vicinity of the Village of Santee and to provide design data suitable for 
feasibility level designs and cost estimates. 
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3.0  Phase 1 Evaluation  

3.1  General Discussion 

Figure 1 shows the locations of DH-1 through DH-7 in the vicinity of the Village of 
Santee.  Table 3-1 summarizes the physical features of drill holes DH-1 through DH-7.  
These data are obtained from the driller’s logs. 
 
Horizontal collector intake systems, which are essentially just horizontal wells, are of two 
general types – bed-mounted and on-land (on-shore) systems.  There are several 
parameters, as in more traditional vertical wells, that concern flow velocities within the 
pipes and screens that are also important to horizontal collector systems.  These  
parameters are inflow velocity through the screen slots and the flow (axial) velocity along 
the casing/screen strings. 
 
The inflow velocity through the screen slots, regardless of the orientation of the screen 
(horizontal, vertical, or inclined) should be limited to 0.1 ft/sec or less.  Inflow velocities 
greater than 0.1 ft/sec can damage the screen and shorten the life of the well.  Inflow 
velocities can be directly controlled by the proper selection and combination of 1) screen 
slot sizes, 2) screen diameter, and 3) screen length; and indirectly by 4) percent of open 
area per foot of screen (design of the slots), 5) percent of saturated aquifer screened 
(screen length), and 6) filter pack material (larger filter pack gradations will allow for the 
use of a larger slot size and greater yields). 
 
The axial velocity inside the casing/screen string should be 3 ft/sec or less so that the 
head loss is 1 ft or less.  Axial velocity is a function of pipe diameter and yield related by 
the following equation: 
            2.228 X 10-3 Q        Q in gpm 
    V = -------------------        V in ft/sec 
                 π r2                       r in ft 
 
The yield, Q, can be controlled by proper selection of screen characteristics (slot size, 
diameter, and length), and the burial depth below static water level (the term H for bed-
mounted galleries, d for on-land galleries, and Zi for radial galleries) of the system. 
 
There are a number of factors to be considered when deciding between a bed-mounted or 
on-land infiltration galleries (Driscoll, 1986, “Groundwater and Wells”, pg 762).  They 
are: 

1. Yield requirements: galleries placed under a water body initially produce twice 
the yield of galleries placed adjacent to the water body.  As the disturbed lake or 
river bed assumes its normal sedimentation regime, the transmissivity values will 
fall as finer grained particles infiltrate the filter pack material surrounding the 
screens.  This reduction in transmissivity values can be somewhat offset 
(mitigated for) by use of backwash systems (discussed below). 
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Figure 1.  Location Map: showing the Village of Santee, exploratory drilling locations DH-1 through DH-7, and site access. 
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Table 3-1.   Summary of  Drill Hole Attributes.  Logs presented in Appendix A 
 
Attribute DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7 
Location Floodplain Site 1 Floodplain Site 2 Crazy Peak Site Delta Site Boat Ramp Site Recreation Area 

Site 
Irrigation Well Site 

Driller Terracon, 
Consultants 

Terracon 
Consultants 

Thield Geotech, 
Omaha, NB 

Thield Geotech, 
Omaha, NB 

Thield Geotech, 
Omaha, NB 

Thield Geotech, 
Omaha, NB 

Thield Geotech, 
Omaha, NB 

Date August 3, 1993 August 3, 1993 October 30, 2006 October 30, 2006 April 3, 2007 April 3-4, 2007 April 4, 2007 
Depth to 
Water (ft) 

2.7 1.3 Not obtained Not obtained Not obtained 27 29 

PLSS SE1/4 Sec 14 
T33N R5W 

SE1/4 Sec 14 
T33N R5W 

NW1/4 NW1/4 Sec 
23 T33N R5W 

NE1/4 NW1/4 
NW1/4 Sec 13 
T33N R5W 

NE1/4 NE1/4 
NE1/4 Sec 13 
T33N R5W 

1050’ S & 1150’ 
W of NE Corner 
Sec 13 T33N R5W 

1600’ S and 1650’ 
W of NE Corner 
Sec 13 T33N R5W 

Coordinates N/A N/A N 551,825 
E 2,570,026 

N 557,381 
E 2,575,894 

N/A N/A N/A 

Drill 
Method 

3” roller bit  3” roller bit  3” Wash Bore 3” Wash Bore 3” Wash Bore/ 
Hollow Stem 
Auger 

3.5” Hollow Stem 
Auger/3” roller bit 

3.5” Hollow Stem 
Auger/3” roller bit 

Depth 99.4 ft 40.1 ft 38.5 ft 66.0 ft 47.0 ft 82.5 ft 57.0 ft 
GS Elev. 1,210 ft 1,210 ft 1,220 ft 1,218 ft 1,218 ft 1,238 ft 1,239 ft 
Sample 
Method  

SPT drive sampler SPT drive sampler SPT sampler SPT sampler SPT sampler 2” drive samples 2” drive samples 

Number of 
Samples 9 4 4 5 4 8 6 

Sediment 
Sequence 

0-11  CL 
11-25  SP-SM 
25-67  SP 
67-75  SP 
75-92  SP-SM 
92-99.4  Shale 
(bedrock) 

0-11  CL-CH 
11-25  SM 
25-39  SP 
39-40.1  Chalk 
(bedrock) 

0-18  ML 
18-37  SM 
37-38.5 Shaly 
Chalk (bedrock) 

0-20  ML 
20-40  SP-SM 
40-50  SP 
50-64.7  SP 
64.7-66 Chalk 
(bedrock) 

0-2 compacted 
embankment 
2-10 CL 
10-21  CL 
21-45.5  SM-SP 
41.5-46  SM-CM 
46-47 Chalk 
(bedrock 

0-10  ML 
10-27  CL 
27-55  SM, ML, SP 
55-70  GM 
70-82.5  GM 
82.5  Bit Refusal 

0-2  CL 
2-17  CL 
17-25  CL 
25-33  GM 
33-37  SP 
37-54  GM 
54-57  SM 
57  Bit Refusal 

Bedrock Carlile Shale Niobrara FM Niobrara FM Niobrara FM Niobrara FM Niobrara FM Niobrara FM 
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2. Water quality requirements: galleries located adjacent to a water body usually 
receive water that has lower turbidity and fewer bacteria than bed-mounted 
galleries because the water has been filtered more extensively. 

3. Construction difficulties: it is generally more difficult to install a gallery beneath a 
stream or lake bed than along the shoreline adjacent to a water body.  Bed-
mounted systems generally cause more direct impacts on the water body, and 
have higher associated environmental impacts. 

4. Maintenance considerations: maintenance and repairs are easier to perform on 
galleries installed adjacent to a water body.  In general, more maintenance is 
required for bed-mounted galleries because fine material is continually added to 
the top of the filter pack by stream current. 

5. Stability of the river course or lake level: rivers may meander great distances over 
relatively short periods, and either carry away a gallery placed on the river bank 
or cover completely a bed-mounted gallery with less permeable material.  
Changes in the elevation of a water body can also affect where the gallery is 
placed. 

 
Traditional vertical wells and Ranney-Type Collector systems have some of the same 
considerations as bed-mounted and on-land infiltration galleries.  However, because 
vertical wells and radial collector systems are not limited by open trench excavation 
depths, the placement of the intake screens has the flexibility to take advantage of water 
bearing zones, zones of high conductivity, zones of better quality waters, etc. 

3.2  Bed-Mounted Infiltration Galleries 

Bed-mounted infiltration galleries are systems where the screened intervals of the 
horizontal wells are beneath a water body such as a lake or river.  The following figure 
(Driscoll, 1986, “Groundwater and Wells”, pg 761) shows a typical cross-section of a 
bed-mounted infiltration gallery. 
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The following figure (Driscoll, 1986, “Groundwater and Wells”, pg 763) shows a plan 
view of some different configurations of screen arrangements for bed-mounted 
infiltration galleries. 
 

 
The governing equation for bed-mounted systems is: 
 
            528 Q log(1.1 d/r) 
  L  =   ---------------------- (Driscoll, 1986, equation 22.9, pg 763) 
              0.25 K H 
 
 where: L = length of infiltration screen, in ft 
  d = burial depth of screen below bottom of the water body, in ft 
  r = radius of the screen, in ft 
  K = hydraulic conductivity of filter pack, in gpd/ft2 
  H = submergence depth (distance between the surface of the water 
   body and the center of the screen. 
 
From the equation it can be seen that K and H have the biggest impact on L, while d and r 
have much smaller impacts.  Generally, decreasing K or H by half will double L; 
doubling K or H will decrease L by half.  Decreasing by 50%, or doubling d or r will 
generally result in about a 10% change in L. 

3.3  On-Land Infiltration Galleries 

On-land infiltration galleries (also referred to as ‘on-shore’ galleries) are usually placed 
adjacent to a stream or river, less often adjacent to a lake.  A single screen is run parallel 
to the bank or shore.  Burial depths should be at least 4 feet, and because of limits on 
depths of trench excavations, they are generally not more than 25 feet deep.  The 
following figures (Driscoll, 1986, “Groundwater and Wells”, pg 765) show a typical 
cross-section and plan view of an on-land infiltration gallery. 
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The controlling equation for on-land galleries is: 
 
   2880 ro Q 
    L = -----------------  (Driscoll, 1986, equation 22.11, pg 765) 
 K (D2 – d2) 
 
   where: L = length of infiltration screen, in ft 
  d = depth of saturated trench material above bottom of trench 
   while operating, in ft 
  ro = distance to point of no drawdown (zone of influence), in ft 
  K = hydraulic conductivity of the sediments, in gpd/ft2 
  D = depth of the trench below static water level  
 
From the equation, it can be seen that K, D, d, and ro all have direct impacts on L.  
However, d and ro are both dependent on Q, D, and K, thus only K and D have 
independent impacts on L.  Generally, doubling K or D will decrease L; likewise 
decreasing K or D by 50% will increase L. 

3.4  Collector Wells 

A collector well is a special adaptation of infiltration galleries.  Commonly called a 
‘Ranney-type collector system’ after the Ranney Corporation which first developed this 
type of system, or a ‘radial collector system’, it consists of a series of screens (called 
laterals) extending radially outward from a large central vertical caisson constructed 
adjacent to a stream, river, or lake.  This system combines the features of bed-mounted 
and on-land infiltration galleries because some of the laterals may extend beneath the 
water body while other laterals may be parallel to the bank or shoreline.  The following 
figure (Driscoll, 1986, “Groundwater and Wells”, pg 768) shows a typical cross-section 
of a Ranney-type collector well. 
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The governing equation for estimating the yield from a collector well near a stream in a 
water-table aquifer (Hantush and Papadopulos, 1962) under steady-state conditions is: 
  

   
 

 
Гг  [b/π rw]2  

   scs > (Q/2 πKb)    Ln 

 
 

εε  
2(l - cos π/b(2Zi + rw) 

b/4l 

 
 
 where: scs   =  drawdown in collector well, in ft 
  Q    = yield of collector, in ft3/day 
  K    = hydraulic conductivity of materials, in ft/day 
  b     = saturated thickness of aquifer, in ft 
  Г     = (2 (a – rc))/l 
  a      = effective distance to a line of recharge, in ft 
  l       = average length of laterals, in ft 
  rc     =  radius of collector caisson, in ft 
  ε      = (2a – 2rc – l)/l 
  rw     =  effective radius of each lateral, in ft 
  Zi     = depth of lateral below static water level, in ft 
 
Generally; the closer the caisson is to the recharge source the higher the yield; the deeper, 
longer, and larger the diameter the laterals, and the more of them, the higher the yield.  
The saturated thickness above the laterals has a greater impact than does the distance 
from the recharge source; basically if the saturated thickness is doubled then the yield 
will be doubled.  However, if the distance to the recharge source is decreased by 50%, 
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then the yield only increases by around 30%.  Doubling the length of the laterals or 
doubling the radius of the laterals only has between a 15% and 20% increase in yields. 

3.5  Backwash System 

A backwash system can be installed with any infiltration gallery, although it is more 
difficult to install in a Ranney-Type Collector well than in systems installed by 
excavation or trenching.  The system consists of perforated pipes permanently installed in 
the filter pack material or native materials above the screens.  Compressed air (or 
pressurized water) can be forced through the perforated pipe to inject air into the filter 
pack.  This has the effect of agitating the finer grained materials that tend to infiltrate into 
the filter pack over time.  The agitation has the effect of loosening the finer grained 
materials and mobilizing them so that they move out of the filter pack and into the water 
body where they are dispersed or removed by the natural water currents.  Chemicals can 
also be injected into the backwash pipes, or the screens, for treatment of iron bacteria, 
and organic and/or inorganic incrustations.  The following figure (Driscoll, 1986, 
“Groundwater and Wells”, pg 768) shows a typical configuration for a backwash system.  
In the figure, the backwash pipes are perpendicular to the collector pipes, but the 
backwash pipes can also be installed so that they are parallel to, or aligned with, the 
collector pipes. 

 
Backwash systems are a way to mitigate for the normal build-up of fine grained 
sediments in the bed-mounted filter pack material and can also be used in on-land 
infiltration galleries and radial collector systems.  Backwash systems are obviously not 
suitable for vertical wells. 

3.6  Computations 

Driscoll, Chapter 22, pages 761 to 769, provides a discussion of infiltration galleries 
including equations (22.9 and 22.11 presented above) for computing the production rates, 
Q, of various designs and the length of screen necessary to obtain a desired Q.  Hantush 
and Papadolpulos (1962) developed an equation (presented above) for calculating the 
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drawdown in the caisson for a Ranney-type collector well.  By rearranging their equation, 
it can be used to calculate the production rate of a single lateral or the entire collector 
well. 
 
These equations, both from Driscoll and from Hantush and Papadopulos (1962) were 
used to calculate the theoretical yields and required length of screens for bed-mounted 
infiltration galleries, on-land infiltration galleries, and Ranney-type collector wells at the 
sites of the seven drill holes, DH-1 through DH-7.  The results of these calculations are 
discussed below.  A copy of the Excel spreadsheet used to perform the calculations, from 
which the following tables are derived, is available upon request from the BOR. 
 
In the following discussions, and for the remainder of the report, the following symbol 
and unit conventions will be used, unless otherwise noted: 

Q  -  yield in gallons per minute (gpm), 
T  - transmissivity in square feet per day (ft2/day), 
K  - hydraulic conductivity in feet per day (ft/day), 
312 gpm  - represents the 2050 estimated raw water feed (see Section 2.0), 
625 gpm  - represents the 2050 estimated peak month daily demand (PMDD) for 

the raw water feed (see Section 2.0). 
 

In the computations, several assumptions were made about conditions and properties.    
These assumptions are that: 

1. The hydraulic conductivity of the alluvium is unknown; for each site it was 
estimated from gradation samples collected from the exploratory drill holes using 
the USBR method (Creager, Justin, and Hinds, 1945).  A table of computed 
values of K based on the USBR method is presented in Appendix J, on page J-9.  
A discussion of the USBR method is also in Appendix J, beginning on page J-10.  
The gradations curves from each drill hole are in Appendix A following the log 
for each drill hole.  This method provides only rough estimates of K obtained 
from samples that do not retain any semblance of stratification, and as such 
should not be taken as true or final estimates of field conditions.  However, in the 
absence of any aquifer testing data from the exploratory drill holes, this method is 
useful as a relative comparison between the seven drill sites. 

2. The river is about 15 feet deep on average, 
3. There is sufficient lateral extent of the alluvial materials present to accommodate 

the lengths of laterals and screen required. 
4. The estimated demand in 2050 will be 312 gpm, with an estimated PMDD of 625 

gpm.  These demands are for raw feed water to a treatment plant, but will change 
if either part of assumption 5 changes. 

5. The assumed treatment alternative is RO with a conservative estimated 
operational efficiency of 75%.  This means that 25% of the water supplied to the 
treatment plant is lost through brine removal.  Accordingly, to account for the 
treatment loss and to meet the PMDD of 675,451 gpd, the source water supply 
system must be capable of supplying 900,600 gpd (625 gpm) to the treatment 
plant.  Alternate treatment processes, while not considered for this report, may be 
chosen based on the water quality of the raw water supply. 
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6. The recharge source is assumed to be the Missouri River.  Site specific testing 
will be required to determine the actual recharge source, or sources, and the 
amounts of potential recharge from each source which could influence the 
determination as to the most suitable system at each site. 

7. The site conditions are uniform throughout each site.  Actual field conditions may 
significantly change the results of the calculations. 

 
Table B-1 (in Appendix B - Computation Tables) is a table of parameter values for all 7 
drill sites used in the calculations for on-shore, bed-mounted, Ranney-Type Collector 
systems, and traditional vertical wells. 

3.6.1  Bed-Mounted Infiltration Gallery 
Table B-2 (in Appendix B - Computation Tables) is a table of parameter values for the 
bed-mounted equation (equation 22.9 above) with the calculated lengths of buried intake 
screen required for a variety of conditions.  From the previous discussion of a bed-
mounted infiltration gallery, it can be seen that the local material’s hydraulic conductivity 
does not factor into the equation.  This is due to three attributes of the bed-mounted 
gallery: 1) the backfill material in the trench into which the screens are installed has a 
direct hydraulic connection with the bed of the water body; 2) the backfill material 
typically has a much higher conductivity than the local materials; and 3) the trench is 
wide enough to minimize any hydraulic interaction with the local materials. 
 
Accordingly, Table B-2 would apply to any bed-mounted infiltration gallery regardless of 
where it is located.  So Table B-2 is applicable for sites DH-1 through DH-6.  Since site 
DH-7 is over ¼ mile from the shoreline, the application of a bed-mounted infiltration 
gallery at DH-7 is not applicable. 
 
Some assumptions unique to the bed-mounted infiltration gallery computations are that: 

1 - The intake screen is buried 10 feet below the bottom of the river or lake, and 
2 - The flow velocity through the screen does not exceed 0.1 ft/sec. 

 
In the case of the second assumption, the lengths of screen shown in Table B-2 are the 
minimum lengths required without considering the intake velocity.  If the calculated flow 
velocity through the screen exceeds 0.1 ft/sec then sufficient additional screen will have 
to be added to bring the flow velocity down to 0.1 ft/sec or lower.  The calculation of 
flow velocities through the screen can only be made after a proper combination of screen 
slot size and filter pack gradations has been determined based on gradations of the river 
or lake sediments. 

3.6.2  On-Land Infiltration Gallery 
Tables B-3a through B-3f (in Appendix B - Computation Tables) are the computation 
tables for the on-land infiltration galleries at each of the six sites, DH-1 through DH-6.  
No computations were done for site DH-7 as it is over ¼ mile from the shoreline and an 
on-land infiltration gallery at DH-7 would be meaningless. 
 
As was the case for the bed-mounted infiltration gallery, several assumptions had to be 
made in the calculations for the on-land infiltration gallery.  Those assumptions were: 
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1 - The deepest that the trench for the pipe could be excavated was 30 ft, 
2 - Depths to water were not recorded for DH-3 through DH-5, so the depth to water 

was estimated as the difference between the ground surface elevation of the drill 
hole and the elevation of the nearest recharge source.  When the nearest recharge 
source was Lewis and Clark Lake, the water elevation was taken from the USGS 
Santee Quadrangle topographic map, (this is reported as being at elevation 1,208 
ft while it is noted that the COE reports that the average daily lake elevation for 
the period 1967 to 2005 varies between 1,205.2 ft and 1,207.9 ft).  When the 
nearest recharge source was the Missouri River, the water elevation was taken as 
the contour elevation for the river at that point as shown on the USGS Santee 
Quadrangle topo map. 

3 - The maximum allowable drawdown was 50% of the calculated saturated 
thickness at each site,  

4 - The hydraulic conductivity of the local materials was taken from the gradation 
analysis of the sample collected nearest to 30 feet below ground surface, and 

5 - The flow velocity through the screen does not exceed 0.1 ft/sec. 
 
In the case of the fifth assumption, the lengths of screen shown in Tables B-3a through B-
3f are the minimum lengths required without considering intake velocity.  If the 
calculated flow velocity through the screen exceeds 0.1 ft/sec then sufficient additional 
screen will have to be added to bring the flow velocity down to 0.1 ft/sec or lower.  The 
calculation of flow velocities through the screen can only be made after a proper 
combination of screen slot size and filter pack gradations has been determined based on 
gradations of the sediments along the trench alignment. 
 
Tables B-3a through B-3f have exceedingly large amounts of pipe required for the on-
shore infiltration galleries.  This is due in large part to the low estimated conductivities of 
the surficial materials. 

3.6.3  Ranney-Type Collector Well 
Yields for a radial collector system at each DH site were calculated for three different 
lengths of laterals and for two different diameters of the laterals.  The values input for K 
and the inflow velocity are held constant and the burial depth of the laterals were set to 
the estimated bottom depth of the highest conductivity zone.   
 
Figures B-2 through B-8 show the number of laterals versus the yields for six different 
conditions at each drillhole site.  The six conditions represent three different lengths 
(100’, 150’, and 200’, except for site DH-3) of two sizes of laterals (1’ diameter and 2’ 
diameter).  The concept behind longer lengths of laterals is to spread the zone of 
influence out over a larger area and thus reduce the amount of drawdown at any given 
point within the zone of influence.  From the governing equation for radial collector 
systems (Section 3.4) the number and length of the laterals has a greater influence on the 
capacity of the overall system than does the radius of the laterals.  The 1’ and 2’ 
diameters are common sizes for laterals in medium sized collector systems, although 
larger diameters are also commonly used.  Diameters down to 4” to 6” are more common 
in smaller sized systems, generally less than 1.5 MGD.  Systems below 1 to 1.5 MGD are 
not considered by industry practice to be cost effective.  The caisson diameter is held 
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constant at 20’ in the calculations, but smaller diameters down to 13’ are possible which 
would help the cost effectiveness of smaller systems. 
 
At each site, the depth of the laterals was set to the depth of the zone with the highest 
estimated conductivity.  The hydraulic conductivity for the system as a whole was set at 
the average of the highest conductivity zone plus all the saturated zones above the level 
of the laterals. The distance to a line of recharge was the estimated distance from the drill 
hole to the nearest shoreline. 
 
Although the Irrigation Well site (DH-7) is over ¼ mile from the line of recharge, it is 
still within common operational distances for a Ranney-Type Collector system provided 
the alluvial sediments are hydraulically connected to the recharge source. 

3.6.4  Traditional Vertical Production Wells 
Table 3.2 is a comparison of traditional production well capacities at each site based on 
the hydraulic conductivities (see Appendix B – Table B-1) determined from the sample 
gradations from each site, and the depth to water and depth to bedrock.  The values 
shown are for the theoretical maximum and optimum 2-week sustained yields.  As used 
in this report, the maximum sustained yield (MSY) is the maximum yield that a well 
could maintain over a specified period of time within the limitations of Transmisivity, 
Storativity, pumping well radius, and an allowable drawdown and assuming a 100% 
efficient well.  The optimum sustained yield (OSY) is the yield that would be reasonably 
expected for a specified period of time when well efficiency is taken into account.  For 
the purposes of this report, the OSY is assumed to be 67% of the maximum sustained 
yield; in other words, it assumes a well that is 67% efficient.  Such low efficiencies are 
considered in the industry as a minimum acceptable efficiency.  Conversely, 100% 
efficient wells are seldom attained in the field.  Actual production capacities will be 
limited by the design of the screen slot size and filter pack gradation, the allowable 
drawdown in the production well, recharge boundaries, and other site specific conditions 
and will fall somewhere between 67% and 100% efficient.  In the computations for the 
theoretical MSY and OSY, the drawdown in each well was limited to 50% of the 
saturated thickness.  The transmissivity of the local materials was based on the saturated 
thickness and the average estimated hydraulic conductivity of the materials (Table B-1 of 
Appendix B, and Appendix J) in the saturated zone based on gradation analyses only, 
which varied from well to well.  Pumping duration was set at 2 weeks, a reasonable upper 
limit for estimates as to how long a well or well field would be expected to operate at the 
PMDD levels.  Table 3.2 shows the relative differences between the seven sites for 
purposes of evaluating the seven sites, and is based solely on theoretical yields.  Yields 
are calculated using the Theis Solution, and are only as accurate as the Theis Solution for 
the given site conditions.  No attempts were made to adjust the solution for stratification 
of materials at the sites, distance to a recharge boundary, or other site specific conditions 
as the actual locations of a well or wells at each site are unknown.  Actual yields at each 
site will be highly dependent upon field conditions at each site in addition to well 
construction characteristics. 
 
Table 3-2 is for comparison purposes only.  It uses the theoretical OSY value for each 
well as a limiting factor.  In practice, a properly designed and constructed production well 
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will undoubtedly have an efficiency closer to 90% or 95% as opposed to the OSY at 
67%. 
 
Table 3-2.  Theoretical well yields at sites DH-1 through DH-7. 

Parameter DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7 
Maximum 
Drawdown (ft) 

45 30.5 16.5 30.5 19 24 10.5 

MSY (gpm) 537.9 110.7 25.4 335.2 89.2 704.9 451.3 
OSY (gpm) 360.4 74.2 17.0 224.6 59.7 472.3 302.4 
Radius of Influence*** 
at OSY (ft) 

66.6 30.1 14.8 52.9 27.7 77.9 63.9 

Alternative Yield 1* 
(gpm) – AY1 

312 74.2 17.0 224.6 59.7 312 302.4 

Radius of Influence*** 
at Alt. Yield 1 (ft) 

61.6 30.1 14.8 52.9 27.7 64.1 63.9 

Estimated number of 
wells required to meet 
PMDD (625 gpm) – 
AY1 

2 9 37 3 11 2 3 

Estimated number of 
wells required to meet 
daily demand (312 
gpm) – AY1 

1 5 19 2 6 1 2 

Alternative Yield 2** 
(gpm) – AY2 

484.1 99.6 23.1 301.7 80.3 634.4 406.2 

Radius of Influence*** 
at Alt. Yield 2 (ft)  

75.8 34.2 16.3 59.9 30.5 64.5 67.7 

Estimated number of 
wells required to meet 
PMDD (625 gpm) – 
AY2 

2 7 27 3 8 1 2 

Estimated number of 
wells required to meet 
daily demand (312 
gpm) – AY2 

1 4 14 2 4 1 1 

* Alternative Yield 1:  either the daily demand of 312 gpm or the OSY, whichever is lower. 
** Alternative Yield 2:  estimated yield for a production well at a conservative efficiency of 90%. 
*** Radius of Influence is calculated as the distance from the pumping well where drawdown is 0.1 ft. 
 
The OSY is a function of transmissivity, maximum allowable drawdown, storativity, well 
radius, and pumping duration.  The only variable parameter at any particular site is the 
pumping duration.  As the pumping duration increases, the OSY decreases.  However, the 
rate of decrease in the OSY also decreases as the pumping durations increase.  This 
relationship is illustrated in Table 3-3 that shows the theoretical OSY for conditions at 
DH-6 at increasing pumping durations up to 30 years.  Table 3-3 also shows the 

 15



Santee Water Evaluation Report 

incremental drop in OSY from one pumping duration to the next, as well as the 
cumulative drop in OSY. 
 
As can be seen from Table 3-3, the maximum incremental drop in OSY occurs within the 
first 14 days of continuous pumping, and the incremental change in the OSY values 
rapidly drops off afterwards. 
 
Table 3-3.  Theoretical OSYs at DH-6. 
 
 Duration of 

Pumping 
OSY (gpm) Incremental. 

Difference (%) 
Cumulative 
Difference (%) 

1 day 568   
14 days 472 16.4 16.4 
30 days 450 4.7 21.1 
60 days 432 4.0 25.1 
90 days 422 2.3 27.4 
120 days 415 1.7 29.1 
150 days 410 1.2 30.3 
180 days 406 1.0 31.3 

1 year 391 3.7 35.0 
2 years 377 3.5 38.5 
3 years 370 1.9 40.4 
4 years 364 1.6 42.0 
5 years 360 1.1 43.1 
10 years 348 3.3 46.4 
20 years 338 2.9 49.3 
30 years 331 2.1 51.4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3-4 compares the operational times for single wells operating at the shown yields.   
The operational times are the number of hours that a well would have to pump each day, 
seven days a week, to meet the anticipated 2050 PMDD with a 75% efficient RO plant. 
 
Table 3-4.  Comparison of operational times for single wells. 
 DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7 
@ OSY 41.7 hrs 202+ hrs 882+ hrs 66.8 hrs 250+ hrs 31.7 hrs 49.6 hrs 
@ 625 gpm N/A* N/A N/A N/A N/A 21.3 hrs N/A 
@ 312 gpm 13.9 hrs N/A N/A 32.3 hrs N/A 10.6 hrs 16.6 hrs 
@ MSY** 27.9 hrs 135+ hrs 590+ hrs 44.8 hrs 168+ hrs 21.3 hrs 33.2 hrs 
* - N/A indicates that the indicated yields are probably not attainable at the indicated site. 
** - The estimated operational times are for a single well operating at the estimated MSY for the site. 
 
Given the assumptions used to compute the MSY and OSY values, a single well 
operating at the OSY rate would theoretically be unable to meet the anticipated 2050 
PMDD at all the sites.  At only one site, DH-6, is the production rate needed to meet the 
PMDD even attainable.  The operational times shown for the MSY rate at each site, with 
the exception of DH-6, indicate that more than one well would be needed at these sites to 
meet the PMDD.  This was also shown in Table 3-2 for wells assumed to be operating at 

 16



Santee Water Evaluation Report 

90% efficiency (Alternative Yield 2).  Site DH-3 would require an unreasonable number 
of wells, and sites DH-3 and DH-5 would require a significant number of wells. 
 
Sites DH-1, DH-4, DH-6, and DH-7 are theoretically the only sites where a reasonably 
small well field would be required to meet the anticipated 2050 PMDDs.  Assuming that 
each site would have one back-up well to maintain the desired yields when one of the 
other wells is off line for maintenance, repair, or replacement, the as indicated in Table 3-
2, site DH-6 would require 2 wells, sites DH-1 and DH-7 would require 3 wells, and site 
DH-4 would require 4 wells.  Table 3-2 shows the radius of influence for a single well 
pumping at the indicated capacity for each site.  Multiple wells at any site would have to 
be separated from the adjacent wells by a minimum of 2X the individual radii of 
influence. 

3.7  Discussion of Results 

Based on Table B-2 for a bed-mounted infiltration gallery, the axial flow velocity for the 
0.25 ft radius pipe (3” radius or 6” diameter) exceeds the maximum flow velocity of 3 
ft/sec, and thus would not be an appropriate size to use.  The remaining sizes of pipe all 
would be appropriate sizes based on axial flow velocities.  Based on the calculations, the 
length of pipe required ranges between 6 and 12 feet.  However, the flow velocity 
through the screen slots is also a limiting factor (< 0.1 ft/sec).  The length of pipe is also 
dependent upon the screen slot size selected, which in turn depends upon the gradation of 
the sediments in the river or lake where the bed-mounted infiltration gallery will be sited.  
If this method is the preferred method, then additional data collection will be necessary to 
design and size an appropriate bed-mounted infiltration gallery. 
 
However, the results from Table B-2 suggests that a fairly high capacity bed-mounted 
infiltration gallery could be constructed using a reasonable amount of screen and 
materials at any of the sites with the exception of DH-7 which is over ¼ mile away from 
the nearest shoreline. 
 
Tables B-3a through B-3f all indicate, that with the possible exception of the 0.25 ft 
radius pipe at DH-1, axial flow velocities in the on-land infiltration galleries at all sites 
are not a limiting factor.  The limiting factors are the burial depths and the conductivity 
of the local materials at those depths.  For a 0.90 MGD system (or 1.0 MGD in the 
tables), the required lengths of intake screen would appear to be prohibitively long, 
ranging from around 3,600 to 3,700 feet at DH-6 to over 130,000 feet at DH-3.  Whether 
there is sufficient room at the DH-6 site to install 3,600 feet of trench and pipe would be 
the primary limiting factor.  Tables B-3a through B-3f all assume the maximum practical 
burial depths of 30 feet.  If local conditions or installer’s capabilities limit the burial 
depths to less than 30 feet, then the required lengths of screen would increase 
accordingly. 
 
The graphs for the Ranney-Type Collector well design (Figures B-2 through B-8) suggest 
that this type of collector system would be technically and hydrologically viable at all 
sites.  For a 0.90 MGD system, the number of laterals would vary between 1 (at the DH-6 
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Site) and as many as 11 (at the Crazy Peak Site) depending upon the diameter of the 
laterals and the average length of the laterals.  Depending upon the design of the caisson, 
a typical caisson design could have as few as one to as many as 18 laterals, with nine 
laterals being an average number.  However, a typical Ranney-Type Collector system 
with a 20’ diameter caisson may be considered ‘over-kill’ and may be too expensive (in 
capital costs) for the benefits received.  A smaller caisson design (less than 20 feet) might 
be more cost effective.  The industry ‘rule of thumb’ is that a 1.5 MGD system is about 
the lower limit of when a Ranney-Type Collector system is cost effective. 
 
Inherent in all the designs is the necessity for the proper amount of Missouri River 
alluvium to be used as the aquifer.  This means that there needs to be material of 
appropriate hydrologic properties in sufficient thickness and lateral extent to 
accommodate the different design requirements for each type of system. 
 
Based on the amount of existing data that is specifically applicable to the design of a 
horizontal collector system, there are a number of concerns and data gaps.  These are: 
      1. The material hydrologic properties are critical to the evaluation of any type of 

horizontal collector system; there is only limited data related to the hydraulic 
conductivity (based on gradation analyses), and no data of storativity, porosity, or 
specific yields of the Missouri River alluvial sediments. 

      2. The necessary amounts of aquifer materials must be present (both thickness and 
lateral extent) for a successful infiltration gallery: in the case of the Ranney-Type 
Collector system, only sites DH-1 and DH-6 have a fairly thick section of alluvial 
sediments (92’ and 82’ respectively); the remaining sites have alluvial sections 
that range from 37’ to 64’ thick which will limit the effectiveness of the Ranney-
Type Collector system. 

      3. The shoreline must be relatively stable in the case of the bed-mounted and on-
shore infiltration galleries: the migration of the Missouri River channel and/or the 
advance of the Missouri River delta into Lewis and Clark Lake could be problems 
for these types of infiltration galleries.  The rate of advance of the Missouri River 
delta into Lewis and Clark Lake and the migration pattern of the Missouri River 
channel, have not been fully quantified at this point. 

      4. A set of test wells 1,000 to 2,000 feet upstream of the Village of Santee found 
high TDS water at depth near the bottom of the Missouri River alluvial materials, 
but it was postulated that wells producing from nearer the top of the alluvium may 
not encounter the high TDS water: in the case of the Ranney-Type Collector 
system, it is designed to draw water from depths that are typically 75 – 100 feet 
below the static water levels – this might cause a Ranney-Type Collector system 
to produce poor quality water if such waters are present in the Village of Santee 
area.  The quality of the water at depth in the vicinity of the Village of Santee is 
unknown. 
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3.8  Other Considerations 

Besides just the technical viability of infiltration galleries, there are a number of other 
considerations that should be taken into the evaluation of the viability of an infiltration 
gallery system.  They are: 
 
      1. Feasibility Design:  the existing data is adequate for feasibility design and cost 

estimates of a water supply system, whether it is an infiltration gallery of some 
type, or traditional vertical wells.  Additional data needs exist that would be 
required in order to complete a final design.  These data needs are described in 
Appendix I. 

      2. Construction: It is apparent that in terms of ease of construction, the on-land 
would be the easiest, and the Ranney-Type Collector system would be the most 
difficult.  The bed-mounted systems would need to be constructed during a period 
when the water body elevation is low, or would require the use of cofferdams, or 
both. 

      3. Cost:  The Ranney-Type Collector system is the most expensive to construct; the 
other two are about equal (the one with the most materials is also the easiest to 
construct).  Most Ranney systems are not cost effective below about 1.5 MGD 
due to capital costs associated with the infrastructure of the caisson and associated 
components. 

      4. Operation and Maintenance:  The Ranney-Type Collector system is the design 
that would be least influenced by fluctuations of water levels in the river and/or 
reservoir, or by shifts in the position of the delta being created by the Missouri 
River in Lewis and Clark Lake: the bed-mounted system is the most sensitive to 
shifts in the shoreline away from the site:  both the bed-mounted and on-land 
systems are highly sensitive to changes in water levels:  the bed-mounted system 
is more susceptible to being covered with large amounts of sediment (i.e. from a 
flood event or migration of the delta) than the on-land system:  the Ranney-Type 
Collector system is more likely to be impacted by poor quality water at depth than 
either the bed-mounted or on-land systems. 

     5. Land Disturbance:  The on-land infiltration gallery requires the greatest amount of 
land disturbance, the Ranney-Type Collector system would require the least 
amount of land disturbance:  the bed-mounted system is the only system that 
would require any actions that might impact river flows or cause turbidity 
problems in the river. 

3.9  Conclusions: Phase 1 

1 - A bed-mounted infiltration gallery system would be technically viable at any of 
the sites with the exception of DH-7, which is over ¼ mile from the nearest 
shoreline. 

  2 - An on-land infiltration system would not be technically viable at any of the sites 
with the exception of DH-6.  At sites DH-1 through DH-5 the required lengths of 
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intake screen is prohibitively large (in excess of 4.6 miles); site DH-7 is too far 
away from the nearest shoreline to make an on-land infiltration gallery viable. 

  3 - A Ranney-Type Collector system is technically viable at all seven sites, but 
because of the small anticipated 2050 peak demand (0.90 MGD) the Ranney-Type 
Collector system may not be economically viable. 

  4 - Traditional vertical production wells are technically viable at all seven sites.  
Based on the theoretical optimal well yields shown in Table 2, sites DH-2, DH-3 
and DH-5 would require a well field consisting of a minimum of 2, 6, and 2 wells 
respectively.  The remaining sites would be able to meet anticipated 2050 PMDDs 
with a single, properly design and installed well (although a back-up well would 
be advisable at all the sites). 

3.10  Recommendations: Phase 1 

1 - The seven sites should be prioritized based on the information presented herein 
and with non-technical considerations incorporated as appropriate (such as level 
of risk that is acceptable to the Tribe, level of reliability, political considerations, 
future needs, land ownership, right of ways, access, OM&R considerations, and 
costs).  The following technical recommendations are presented as part of the 
prioritization criteria: 

a. On-land infiltration galleries should be eliminated from consideration due 
to the prohibitive amounts of required screen and the environmental 
impact of constructing trenches. 

b. Bed-mounted infiltration galleries should be ranked last, but not 
eliminated from consideration, due to the environmental impacts of 
constructing them in the river or lake, due to the potential impacts on the 
galleries from flooding events, and/or the migration of the river channel, 
and/or the elimination of the lake shore as the Missouri River delta 
advances into Lewis and Clark Lake. 

c. Ranney-Type Collector systems should only be considered at sites DH-1 
and DH-6 where adequate thicknesses of alluvial sediments are present.  
Also, since the effectiveness of the system depends in part on the distance 
from the line of recharge, the systems should be designed for twice or 
triple the anticipated yields to compensate for migration of the river 
channel away from the system or filling in of the lake by the MR delta.  
Consideration should be given to the possibility of smaller diameter 
caissons to reduce the capital costs. 

d. Traditional production wells should be considered for all sites with the 
exception of DH-2, DH-3 and DH-5 due to the low material conductivities 
and the limited amount of space in which to install a well field at DH-3 
and DH-5. 

e. Consideration should be given to a production well or small well field at 
site DH-7: this site has the second highest estimated optimal yield value, 
and is at a site that has a proven history of production (i.e. the nearby 
irrigation well). 
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f. Consideration should be given to a production well at sites DH-1 and DH-
6 as these sites are near the river, have the thickest amount of alluvial 
sediments, and would essentially be pumping river water.  Additionally, 
DH-6 has the highest estimated optimal yield of any of the 7 sites. 

g. Consideration should be given to a multiple site configuration; as an 
example – a production well at DH-7 and DH-1 or DH-4. 

h.   Ranking the 7 sites with regard to potential yields and site suitability, the 
top three sites in order would be DH-6, DH-7 and either DH-1 or DH-4.  

 
  2 - An exploratory testing program designed to investigate the top three sites, which 

should include, but not be limited to a full scale aquifer test of the sites to 
determine aquifer properties and recharge source.  The testing program should be 
done in a phased, step-wise approach whereby the highest prioritized site is tested 
first and if it proves adequate to meet all the future needs, then the testing 
program can be terminated.  If highest prioritized site only meets some of the 
anticipated future demands, then second-highest prioritized site can be tested – if 
it meets all future demands by itself, or in combination with the highest prioritized 
site, then testing can be terminated.  Testing of the third-highest prioritized site 
would follow the same rationale. 

 
  3 - During the exploratory testing, sufficient data should be collected to properly 

design the preferred system – or the most appropriate system for that site.  The 
data needs will vary depending upon the sites selected and the type of system that 
would be best suited to the sites.  The details of the data collection can be laid out 
during the design of the exploratory testing program. 

3.11  Action Taken: Phase 1 

The study team evaluated the pros and cons of each testhole location.   Based on several 
selection criteria (including logistics, aquifer properties, access, and tribal preferences 
among others), the team arrived at the conclusion that DH-7 was the most promising site 
in meeting the required raw water demands and utilizing a conventional vertical well 
field which would be most economical to construct.  Accordingly, the DH-7 site was 
recommended to be used in Phase 2 of this study. 

4.0  Phase 2 Testing 

4.1  General Discussion 

Phase 2 of the testing program was conducted between October and December of 2007.  
The field work portion of Phase 2 consisted of the installation of a pumping well and four 
observation wells at the preferred exploratory site, and the completion of a 24 hour 
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aquifer test at that site.  The field work was conducted between October 9 and October 
19, 2007. 
 
The analytical portion of Phase 2 was completed in December of 2007, and included the 
analysis of the test data obtained during the field work and the generation of this report. 

4.2  Field Activities 

Phase 2 field activities consisted of the drilling and installation of a pumping well and 
four observation wells in the vicinity of DH-7, and the completion of two testing 
programs – a 2 hour variable discharge rate test to determine range of potential yields, 
and a 24 hour constant discharge rate test to determine aquifer properties. 
 
The testing configuration consisted of a pumping well with four observation wells (Page 
G-1 of Appendix G).  Two observation wells were located to the east (E-1 and E-2) of the 
pumping well at a distance of 51 feet and 102 feet respectively.  The other two 
observation wells were located to the north (N-1 and N2-30) of the pumping well at a 
distance of 45 feet and 26.5 feet respectively (see page G-1 in Appendix G). 
 
Water levels and flow rates were monitored in the pumping well and observation wells E-
1 and E-2 during the 2 hour variable discharge rate test, and in the pumping well and 
observation wells E-1, E-2, N-1, and N2-30 during the 24 hour constant rate test.  Flow 
rates during both tests were recorded manually using an in-line flow meter on the pump’s 
discharge line.  The discharge point is shown on the well layout diagram (page G-1).  
Water levels were recorded both manually and electronically during both tests using a 
manual water level indicator (M-Scope) and an automated Hermit Data Logger with 
pressure transducers installed in each well.  The 24-hour constant rate test had a recorded 
discharge rate of 425 gpm. 
 
The drilling activity, test well construction, and aquifer testing (also called a ‘pump test’) 
are summarized in a field activity report by Larry Cast (geological consultant), and 
Robert Schieffer and Clinton Powell of Reclamation’s Nebraska-Kansas Area Office (see 
Appendix C, pages C-1 through C-4).  The field notes taken during the development of 
the test well (Well 1) are also included in Appendix C, pages C-5 and C-6.  The well log 
for Test Well 1 is included on page C-7. 
 
Two water quality samples were collected during the 24-hour constant rate test.  The 
sampling procedures, analysis results, and evaluation document are included in Appendix 
D. 
 
The raw water level data, as recorded by the Hermit Data Logger, are attached as 
Appendix E.  The manual readings of water levels and flow rates are attached as 
Appendix F.  A schematic well construction diagram for the pumping well is attached as 
Figure G-2 in Appendix G. 
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4.3  24 Hour Aquifer Test Analysis 

The water level data collected during the pumping phase and recovery phase of the Phase 
2 twenty-four hour aquifer test was analyzed using two software packages.  The primary 
software package is called ‘Aquifer Test Pro v4.2’ (AQTSTPv4.2), created and 
distributed by Waterloo Hydogeologic, Inc., a Schlumberger Company, located in 
Waterloo, Ontario, Canada.  The second software package is called ‘Infinite Extent’ 
(InfinExt) and was created and distributed by StarPoint Software.  Printouts of the 
analyses are included in Appendix H. 
 
The first printout in Appendix H (page H-1) is a summary of the physical configurations 
of the five wells monitored during the 24 hour aquifer test.  Page H-2 is a summary of the 
well characteristics used in the data analysis by AQTSTPv4.2.  Although not shown on 
page H-2, the software does account for the annular radius (the difference between the 
borehole radius and the screen radius – the dimension ‘B’ in the figure) and the 
conductivity of the filter pack material.  The remaining printouts are the analyses for 
individual wells for both the pumping and the recovery phases of the aquifer test, and are 
discussed in the following sections. 

4.3.1  Pumping Well – Well 1 
The data from the pumping phase for the test well, Well 1, was analyzed using the Theis 
method with a Jacob correction (page H-3).  This method is essentially a classic Theis 
analysis but with a correction applied to account for the aquifer being unconfined.  The 
classic Theis analysis was developed for aquifers under confined conditions, but the 
method can be applied to unconfined aquifers with an appropriate correction applied (i.e. 
the Jacob Correction). 
 
The cluster of data points beyond time 1487 minutes represents the recovery data, and is 
not included in the drawdown analysis.  The horizontal line of data points from time zero 
to just about 2 minutes represents a programmed delay between starting the data 
recording and starting the pump.  The purpose of this delay is to obtain a couple of 
minutes of pre-pumping static readings that will form the reference reading for the data 
analysis. 
 
The drawdown data indicates that the drawdown in the well was almost instantaneous 
following pump start-up – dropping just about 8 feet within the first minute of pumping 
and then dropping another 3 feet or so over the rest of the 24 hour test.  There was an 
apparent increase in drawdown just before the pumping test was terminated.  It may 
indicate that the radius of influence of the pumping (the ‘cone of depression’) 
encountered a no-flow boundary – maybe the edge of the aquifer on one side of the cone.  
Alternatively, this could have been a mechanical or operator induced drop.  Additional 
pump testing for a longer period of time may be needed to conclude that the cause of the 
decline is related to encountering some change in conditions in the aquifer or just an 
anomaly in the data. 
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Transmissivity (and the corresponding Hydraulic Conductivity) of the aquifer in the 
vicinity of the test well is obtained from the analysis of the drawdown data.  
Transmissivity and Hydraulic Conductivity are related by the equation:   T = K x B   
where T is the transmissivity (ft2/day), K is the Hydraulic Conductivity (ft/day), and B 
(ft) is the aquifer or saturated thickness. 
 
Page H-4 is the analysis of the recovery data for Well 1.  This recovery analysis uses the 
Cooper and Jacob Method I analysis.  The data points between 0.1 minutes and about 
5:30 minutes represent the early recovery data, and again represents a time delay between 
starting the data logger and stopping the pump.  The five or so minutes of recordings 
prior to stopping the pump provide a base line for the recovery analysis.  During the short 
5 minute interval, no change in drawdown was recorded, even though an increase in 
drawdown of just over 1 foot (about 11% of the total drawdown) was recorded in the 
preceding 2 hours.  
 
The sudden rise in water level on H-5 (this is represented on the plot as a negative y-axis 
direction) indicates that there was a very rapid recovery to the well after the pump was 
turned off.  The left axis suggests that the water level in the well continued to decline 
after the pump was turned off.  In reality, the water level in the well recovered – the way 
it is represented on the graph is an artifact produced by having the reference point for the 
data logger’s pressure readings reset at the start of the recovery phase.  The curved tail at 
the end of the recovery phase shows that the water levels recovered to above pre-testing 
static levels, and then dropped back down to near static.  This sort of rebound affect is 
often seen in wells that recover very rapidly.  However, in Well 1 this rise and fall near 
the end of the recovery phase can not be attributed to a rebound affect.  Nothing in the 
data suggests that there was a transducer malfunction – so the data is not an artifact of the 
transducer or data logger operation.  The cause of this anomaly at the end of the recovery 
can not be determined based on the existing data.  Regardless, the rebound does not affect 
the analysis of the recovery data. 
 
Excluding the data at the end of the test, and only analyzing the main part of the recovery 
data, results in a calculated transmissivity that is very close to the values calculated from 
the drawdown data (namely 5.49x104 for the recovery data versus 5.01x104 and 5.15x104 
for the drawdown data). 

4.3.2  Observation Well – E-1 
The data from the pumping phase for observation well E-1 was analyzed using the 
Cooper and Jacob Method I (page H-5).  Because the drawdown in E-1 was so small, the 
Theis analysis with the Jacob correction did not provide a definitive solution through 
curve matching the Theis curve against the drawdown data curve (the drawdown data 
curve was essentially a straight line when plotted against the Theis type curve).  
 
In the figure on page H-5, the cluster of data points beyond time 1487 minutes represents 
the recovery data, and is not included in the drawdown analysis.  The horizontal line of 
data points from time zero to just about 2 minutes represents a programmed delay 
between starting the data recording and starting the pump.  The purpose of this delay is to 
get a couple of minutes of pre-pumping static readings that will form the reference 
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reading for the data analysis.  This is the same condition that was described above for the 
test well, and also applies to all the data for all four observation wells. 
 
The drawdown data indicates that the drawdown in well E-1 was not as instantaneous as 
it was in the test well, but the cone of depression from the test well reached well E-1 in a 
very short period of time.  The drawdown plots for all of the observation wells 
demonstrate some level of an s-shaped pattern …that is, for the pumping period roughly 
between 4 to 20 minutes, the drawdown flattens out a bit and then increases after that.   
This is typical pattern of drawdown in unconfined aquifers.  Note that there is an 
increased drawdown near the end of the pumping phase represented by the breakpoint in 
the drawdown curve around 1400 minutes. 
 
The analysis of the drawdown data produced essentially the same calculated results for 
the transmissivity (and the corresponding Hydraulic Conductivity - 4.73x104 and 
1.82x103 respectively) of the aquifer in the vicinity of well E-1 as were calculated for the 
test well  
 
Page H-6 is the residual drawdown analysis of the recovery data for well E-1.  This 
recovery analysis uses the Theis Recovery method.  The time axis is the ratio of t/t’ 
where t is the time since the test started (i.e. when the pump was turned on) and t’ is the 
time since the pump was turned off.  Using the ratio of t/t’ for the time axis results in the 
early time recovery data plotting on the right side of the graph and the late time recovery 
data plotting on the left side (i.e. time since the pump was stopped increases to the left). 
The cluster of constant readings on the right side of the graph are the five or so minutes 
of recordings prior to stopping the pump that again provide a base line for the recovery 
analysis – and show that the drawdown in the well was fairly stable just prior to stopping 
the pump. 
 
Transmissivities calculated from observation wells are generally considered more 
accurate than values calculated from pumping wells.  This is because the only ‘stress’ on 
the observation well is from the aquifer itself.  The drawdown in a pumping well is 
influenced by a number of factors related to the well that do not indicate conditions in the 
aquifer, such as wellbore storage and well efficiency.  If a pumping well were 100% 
efficient, then the drawdown in the aquifer immediately adjacent to the well would be 
identical to the drawdown in the well.  However, pumping wells are rarely 100% 
efficient, and the inefficiency is reflected in the drawdown in the well being more than in 
the aquifer immediately adjacent to the well.  The more inefficient the well, the more  
difference there is between the drawdown in the well and the in the aquifer immediately 
adjacent to the well.  Within the industry, an acceptable efficiency for a new well is 
generally in the range of 90% to 95%.  Well efficiencies will decline over time and usage. 
 
The graph on page H-7 is a distance drawdown plot of the observation wells at the end of 
the pumping phase.  The straight line on the graph is the line of ‘best fit’ between the 
drawdowns in the observation wells and the drawdown in the pumping well (10.399 ft).  
If a line of ‘best fit’ extending only through the observation wells were drawn on H-7, it 
would intersect the drawdown axis at zero distance from the pumping well (i.e. 

 25



Santee Water Evaluation Report 

immediately adjacent to the pumping well) at around 3+/- feet.  Well efficiency is 
calculated as the ratio of the theoretical drawdown (ddt) to the actual drawdown (dda), or 
ddt/dda.  In the case of the test well, this ratio would be 3/10.399 = 0.2884, or 28.8% 
efficient.  This low efficiency mostly likely indicates that the test well may not have fully 
penetrated the aquifer and/or the entire saturated thickness was not screened, or it was not 
completely developed.  A filter pack that is too fine for the formation being screened can 
also reduce a well’s efficiency.  The efficiency calculated from the line of ‘best fit’ that 
includes the drawdown (shown on Figure H-7) in the test well is 57.69%.  Based on the 
estimated K for site DH-7 and a pumping duration of 24 hours (the length of the pumping 
duration in Phase 2), the theoretical MSY and OSY for a well at the DH-7 site would be 
540 and 362 gpm, respectively.  During the testing of pumping well at DH-7, the test well 
attained a constant 425 gpm.  That would suggest that the well efficiency was on the 
order of 78% as opposed to the calculated efficiency of 57%.  This difference might 
suggest that the well was more efficient than the drawdowns would indicate, or the 
estimated K based on sample gradations (and hence the theoretical MSY and OSY) is 
significantly lower than actual site conditions.  Based on a well efficiency of around 57%, 
and a yield of 425 gpm, the calculated MSY would need to be around 746 gpm.  Back 
calculating from the MSY, the value of T would have to be around 15,000 ft2/d as 
opposed to the estimated 10,584 ft2/d based on the gradation analysis. 
 
Page H-8 is a Theis recovery graph for well E-1 using the InfinExt software package.  
This package allows individual data points to be graphically selected and excluded from 
the analysis (the ‘ghosted out’ data points on the right side of the graph).  The ‘ghosted 
out’ data points represent the first 5 minutes of data just before the pump was turned off.  
The calculated transmissivity is very close to the value calculated using the AQTSTPv4.2 
software package – namely 3.2x104 and 3.0x104 respectively. 

4.3.3  Observation Well – E-2 
The graphs on pages H-9 through H-11 represent the same type of analyses as were done 
for well E-1 and represented in the graphs on pages H-5, -6, & -8.  The response in E-2 
was very similar to the response in E-1, just slightly less.  The calculated transmissivities 
from the AQTSTPv4.2 drawdown and recovery calculations (H-9 and -10 respectively), 
and the calculated transmissivity from the InfinExt recovery (H-11) are 5.41x104 , 
4.18x104 , and 3.70x104 respectively. 

4.3.4  Observation Well – N-1 
The graphs on pages H-12 through H-14 represent the same type of analyses as were 
done for wells E-1 and E-2.  The response in well N-1 was very similar to the response in 
the two ‘E’ wells.  The major difference was that the end of the pumping phase did not 
have a significant increase in drawdown like the two ‘E’ wells did.  The calculated 
transmissivities from the AQTSTPv4.2 drawdown and recovery calculations (H-12 and -
13 respectively), and the calculated transmissivity from the InfinExt recovery (F-15) are 
4.06x104 , 3.22x104 , and 3.34x104 respectively. 

4.3.5  Observation Well – N2-30 
The graphs on pages H-15 through H-17 represent the same type of analyses as were 
done for the previous wells.  The response in N2-30 was very similar to the response in 
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N-1, just slightly more since it was closer to the test well than N-1.  The calculated 
transmissivities from the AQTSTPv4.2 drawdown and recovery calculations (H-9 and -
10 respectively), and the calculated transmissivity from the InfinExt recovery (H-11) are 
3.86x104, 2.59x104, and 3.12x104 respectively. 

4.4  Discussion 

The fact that both N-1 and N2-30 did not have a noticeable increase in drawdown just 
prior to the pump being turned off, as was seen in the test well and wells E-1 and E-2, 
could have several explanations. 
 
Construction of the test well was such that the designed filter pack only packed off a 
portion of the well screen.  The top portion of the well screen did not have a designed 
filter pack, rather it was left to develop a ‘natural’ filter pack from the formation 
materials as they collapsed around the well casing/screen.  Given the variability of the 
formation material gradations, it is likely that the ‘natural’ filter pack was not fully 
developed during the well development process. 
 
The noticeable increase in the drawdown near the end of the testing could suggest that the 
cone of depression encountered an aquifer boundary of some type around 23 hours after 
the start of the pump test.  The noticeable increase in drawdowns in E-1 and E-2 would 
suggest that such a boundary would be somewhere to the southeast of the test site.  Based 
solely on the results of the pumping test, the direction of the boundary could be anywhere 
between east-southeast and south-southeast of the site.  The boundary could be a no-flow 
boundary, such as would be caused by the aquifer pinching out, or it could indicate that 
the aquifer is getting thinner or the transmissivity is decreasing to the southeast. 
 
It should be noted that the data recorded during the pumping and recovery phases of the 
testing program do not conclusively identify any one explanation for the patterns seen in 
the data analysis.  If the increased drawdown is a result of a boundary condition of some 
type, then the drawdowns should increase and remain so, but in the case of well E-2, the 
drawdown first increased and then recovered somewhat.  An un-noticed fluctuation in the 
pumping rate could also account for the patterns seen in the recorded data.  A longer term 
pumping test, either on this well, or on a production well, may have provided information 
necessary to determine the cause of the fluctuations in the drawdown curves prior to the 
end of the tests. 
 
The final page in Appendix H, page H-18, is a summary table of the AQTSTPv4.2 
analyses for the five wells.  The extremely small storage coefficients, S, shown for the 
test well are artifacts of the conditions in the test well.  Due to conditions such as well 
efficiency, borehole storage, and variations in pumping rates, Storativity (storage 
coefficient) calculated from a pumping well is not a reliable estimate of aquifer 
Storativity. 
 
Generally, transmissivity values calculated from recovery data are considered more 
reliable than values calculated from drawdown data, and values calculated from 
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observation wells are more reliable than values calculated from pumping wells.  The 
transmissivities for the observation wells’ recovery data vary between 2.59x104 and 
4.18x104, and are different for each well site which is to be expected given the type of 
materials encountered at the well sites.  The transmissivity from the test well recovery 
data is 5.49x104, and although it is higher than any of the observation well values, it is in 
the same general range as the transmissivities of the observation wells. 
 
The average transmissivity based on just the observation well recovery data, and the 
average transmissivity based on the recovery data from all five wells are 3.26x104 and 
3.71x104 respectively. 
 
The InfinExt software has calculators for estimating Specific Capacity, Radius of 
Influence, and Well Yield using different values for T or K, storativity, allowable 
drawdowns, pumping rates, distances from the pumping well, and desired time frames.  
Table 4.1 is a comparison of estimated MSY, OSY1, steady state drawdown at 24 hrs of 
pumping, radius of influence, and specific capacity based on existing parameters of Well 
1 (the ‘test’ well) as it was installed, and based on a projected production well using 
aquifer properties based on the average recovery values of the four observation wells. 
 
In Table 4-1, the Well 1 transmissivity value is taken from the recovery data for Well 1.  
The recovery data is less dependent upon well construction issues/problems than the 
pumping data as the only stress on the aquifer is the drawdown at the well at the end of 
the pumping cycle. 
 
In Table 4-1 the allowable drawdown is shown as either 6.5 feet or 13 feet.  The 
allowable drawdown in well has a significant effect on the estimated sustained yields 
(maximum or optimum) from that well, which in turn affects the radius of influence and 
other estimated values.  6.5 feet and 13 feet were chosen as the two allowable drawdowns 
for comparison purposes based on the following criteria: 
  1)    allowable drawdown in a well equal to 25% of the saturated thickness of the aquifer 

is considered by the industry to be a conservative allowable drawdown that protects 
the aquifer; and 

  2)    industry standards/common practice is that the drawdown in a well should not 
exceed 50% of the saturated thickness of the aquifer. 

 
The actual allowable drawdown in the pumping well(s) is of course a choice the owner 
should make, based on how much risk is acceptable to the owner in terms of aquifer 
protection, operational costs, aquifer ‘mining’, etc. 
 
 
 
 
 

                                                 
1 Maximum Sustained Yield assumes the well efficiency is 100%.  OSY accounts for well efficiency less 
than 100% - 67% efficiency is generally considered the minimum acceptable well efficiency.  By default, 
OSY is calculated assuming a well efficiency of 67%. 
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Table 4-1.  Comparison table of estimated values for MSY, OSY, steady state drawdown 
at 1 day and 7 days of pumping, radius of influence, and specific capacity for 
Well 1 (the test well) and a hypothetical pumping well.  Values shown with gray 
shading are the estimated values; all other values are known, assumed, or 
calculated from the aquifer test data. 

 
Parameter\Well Well 1 (test well) Projected Production Well 

Transmissivity 
   (ft2/day) 

5.49 E+4 
(recovery value) 

3.26E+4 

Storativity 2.01 E-1 2.01 E-1 
Allowable 
drawdown (ft) 

6.5 13 6.5 13 6.5 13 6.5 13 

% of saturated 
thickness* 

25 50 25 50 25 50 25 50 

Time (days) 1 7 1 7 
Well Radius 
(ft)** 

.416 .416 

MSY (gpm) 1042 2084 958.7 1917 633.6 1267 581.7 1163 
OSY (gpm) 698.3 1396 642.3 1288 424.5 849 389.8 779.5 
Steady State 
Pumping 
drawdown  

4.299 8.707 4.006 8.034 4.355 8.71 3.999 7.997 

Open Interval 
(in2/ft)**** 

48 48 

Drawdown at 
end of test (ft) 

10.4 N/A 

Radius of 
Influence (ft)*** 

784 2076 604 1600 

Specific 
Capacity 
(gpm/ft) 

40 N/A 

Partial 
Penetration 
Factor 

1.85 N/A 

Estimated 
Transmissivity 
(ft2/day) 

1224.5 N/A 

Estimated 
Conductivity 
(ft/day) 

470.99 N/A 

      *  -  Saturated thickness assumed to be 26 feet based on the 5 well logs 
    **  -  Existing well is 10” ID, hypothetical well is assumed to be same ID 
  ***  -  Steady State drawdown @ 24 hrs and Radius of Influence are estimated 

 based on the OSY values 
****  -  Open interval is for 0.020” slotted stainless steel screen  
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Note:  there is no post development aquifer test for the projected production well, so the 
values shown as N/A can not be estimated. 
 
 
Also, in Table 4-1, two pumping periods are used – namely 1 day and 7 days.  In the case 
of the former, it is assumed that the aquifer is allowed to recover to static (or near static) 
levels following a 24 hour continuous pumping event.  Likewise, in the case of a 7 day 
pumping period, it is assumed that the aquifer is allowed to recover following a period of 
continuous pumping lasting 7 days.  The 7 day time period was selected as the upper time 
period because after about 7 days the rate of change in estimated values of OSYs, Radius 
of Influence, and Steady State pumping drawdown at 24 hours drop off drastically.  In 
other words, the majority of the change in these parameters occurs in the first 7 days of 
pumping, and very little change occurs after about 7 days. 
 
As shown in Table 4-1, longer pumping periods necessitate a lower pumping rate in order 
for the drawdowns to remain within acceptable limits.  Lower pumping rates also result 
in lower Steady State pumping drawdowns after 24 hrs of pumping and smaller Radius of 
Influence values. 
 
Based on the OSY values in Table 4.1 for the Projected Production Well with a 
transmissivity around 3.26E+4 ft2/day, the aquifer could support the peak amount of 
withdrawals over a sustained period of time without exceeding 50% of the saturated 
thickness.  The estimated Radius of Influence at 625 gpm would be around 736 ft and the 
Steady State pumping drawdown at 24 hrs would be 4.5 feet.  The daily demand of 312 
gpm is well within the capability of the aquifer to support over a long sustained period 
with drawdowns well below the 25% of saturated thickness threshold. 
 
At 312 gpm, a well could pump indefinitely without exceeding 6.5 feet of drawdown.  At 
312 gpm, the Radius of Influence would be around 440 feet and the Steady State 
pumping drawdown at 24 hrs would be around 2.15 feet. 

4.5  Water Quality 

The water quality results and discussion are included in Appendix D.  Field 
measurements of conductivity, temperature, and pH are included as page D-1.  
Laboratory analyses and discussion of the water quality samples begins on page D-2. 
 
Overall, none of the water quality parameters in the samples collected during the testing 
in Phase 2 exceeded any EPA Primary Drinking Water Standards.   The EPA secondary 
standards significantly exceeded are TDS and sulfate.  The high levels of TDS and sulfate 
will produce taste and odor problems.  
 
The water sampled is extremely hard as a result of high concentrations of calcium and 
magnesium combining with bicarbonate.  Very hard water is defined as having a total 
hardness (mg/L in CaCO3) greater than 180.  The Santee Sioux well water is about 900 
mg/L.  In addition to scale caused by calcium carbonate and magnesium carbonate, 

 30



Santee Water Evaluation Report 

calcium can form with elevated levels of sulfate to form calcium sulfate.  Scale adversely 
affects plumbing fixtures in homes, especially water heaters and washing machines.     
 
Some constituents that may be of potential but not immediate concern are manganese, 
total organic carbon (TOC) and radionuclides (alpha particles).  The manganese 
concentration from 10/18/07 slightly exceeded the EPA secondary standard of 0.05 mg/L.  
Soluble manganese will cause a black precipitation when exposed to oxygen.   
 
Total organic carbon will trigger the disinfection byproduct rule if the influent 
concentration exceeds 2 mg/L.  Santee Sioux well water was reported at 1.5 and 1.6 
mg/L.  Disinfectants such as free chlorine, ozone and chlorine dioxide react with natural 
organic and inorganic matter in source water and distribution systems to form 
disinfection byproducts (DBPs).  Results from toxicology studies have shown several 
DBPs (e.g., bromodichloromethane, bromoform, chloroform, chloroacetic acid, and 
bromate) may be carcinogenic.   
 
The water sample from 10/19/07 produced a gross alpha particle concentration of 13 
pCi/L, which is approaching the EPA MCL of 15 pCi/L.  The EPA specifies that the 
potential health impact from alpha particles is an increased risk of cancer. 
 
Based on the analysis of the water samples collected during Phase 2 Testing, it is 
anticipated that an RO treatment system would be able to address the water quality 
issues/concerns.  A planning estimate for Santee’s RO recovery is between 75% and 85% 
of the raw water feed would be treated product water.  Actual recovery may be higher 
than this but it depends on the concentrations of contaminants and the selected properties 
of the membrane (personal communications, 2008) 

5.0  Conclusions 

5.1  Phase 1 

The Conclusions from Phase 1 Testing were discussed previously (Section 3.9 above). 

5.2  Phase 2 

Based on the 24 hour aquifer test conducted at Test Well 1 (DH-7 site), with observation 
wells E-1, E-2, N-1, and N2-30, the Transmissivities range between 2.59E+4 and 
4.18E+4 ft2/day for the observation wells and 5.49E+4 ft2/day for the pumping well 
(based on recovery data).  Since transmissivities calculated from pumping wells are often 
unreliable because of conditions inherent in the well itself, the observation wells provide 
a better estimate of ‘site wide’ transmissivities.  An average of the transmissivity values 
from the observation well recovery data is 3.26E+4 ft2/day. 
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Estimates based on the average transmissivity value for pumping periods of 1 day and 7 
days, and for allowable drawdowns of 6.5 feet and 13 feet result in OSYs between around 
390 and 850 gpm.  An allowable drawdown of 6.5 feet is 25% of the aquifer saturated 
thickness (assuming a saturated thickness of 26 feet), an allowable drawdown of 13 feet 
is 50% of the aquifer saturated thickness. 
 
The estimated Radius of Influence for OSYs between 390 and 850 gpm range from 653 
feet to 1113 feet. 
 
The estimated daily demand in 2050 for the Village of Santee is around 312.7 gpm with a 
PMDD of 625 gpm (double the daily demand).  Based on the results of this evaluation, 
the aquifer at the test site appears that it could sustain a pumping rate of 312 gpm 
indefinitely without exceeding 6.5 feet of drawdown, and sustain a pumping rate of 625 
gpm for a week without exceeding 8 feet of drawdown (assuming that the pumping well 
is around 70 to 90% efficient – as opposed to the 30 to 60% efficiency of Test Well 1). 
 
The results of the water quality analysis indicate that the quality of the water does not 
exceed any EPA Primary Drinking Water Standards.  There are, however, several species 
of concern as they relate to secondary standards, taste, odor, and precipitates.  These 
species of concern can be mitigated for using an appropriate treatment option such as RO. 
 
Accordingly, the test site near DH-07 appears to be suitable to meet the quantity and 
quality demands for a water supply system that would meet the projected 2050 needs of 
the Village of Santee. 
 
Although not evaluated in Phase 2, DH-6 has a similarly high T and K, has a greater 
saturated thickness (Table B-1), has a thicker zone of gravel materials (soil class GM) 
(Table 3-1), and is closer to a known recharge source with potentially better quality 
water.  Accordingly, site DH-6 in all likelihood would also be suitable to meet the 
quantity and quality demands for a water supply system to meet the projected 2050 needs 
of the Village of Santee, either by itself, or in combination with a supply system at DH-7. 
 

6.0  Feasibility/Final Design 
Considerations 
Based on the Phase 2 testing results and analysis, the following items are forwarded for 
consideration for feasibility level design and cost estimates. 
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6.1  Considerations  

Based on the existing data, and the results of the Phase 2 aquifer test, the DH-7 site 
appears to be a feasible site for the installation of a water supply system for the Village of 
Santee to meet the projected 2050 demands.  In order to prepare final construction level 
designs for a water supply system, refined evaluation of any site that is chosen as the 
primary water supply source is recommended. 
 
Such evaluation should consist of a long term aquifer test, in the range of up to 7 days of 
continuous pumping.  Additional observation wells should be installed prior to the long 
term testing.  A couple of these wells should be from the southeast to the southwest of the 
test site to evaluate the potential for an aquifer boundary in that direction. 
 
In order to identify the recharge source(s) of the aquifer at the DH-7 site, additional 
observation wells, 2 or 3, should be installed to the north and west of the site prior to the 
long-term testing to evaluate the potential for aquifer recharge coming from the Missouri 
River – either directly or indirectly.  Identification of the aquifer recharge source(s) will 
assist in the design of the system by identifying potential water quality issues and either 
designing the treatment facility to account for such issues, or designing mitigation factors 
into the system to prevent potential water quality problems from arising. 
 
The layout of the test well and the observation wells for the long-term testing program 
should be designed to utilize as many of the existing wells in the vicinity of DH-7 as 
possible.  Additionally, the test well should be designed so that it can be converted from a 
test well to a production well following the long-term test. 
 
The aquifer test should be conducted at the maximum sustainable yield possible to place 
as much stress on the aquifer system as possible, but drawdowns should not exceed 70 to 
75% of the saturated thickness to reduce potential damage to the aquifer from localized 
dewatering. 
 
Based on the results of the previous aquifer test, and the current understanding of the 
aquifer, a feasibility level design would probably include the following elements: 
 
1)  The well field would consist of at least three, but no more than, four production wells. 
 
2)  Each new well should be designed to have a long term capacity of 312 gpm, 
recognizing that well efficiencies and pump capacities drop off with age and usage. 
 
3)  The spacing between the wells should be at about 2.5 times the estimated Radius of 
Influence; based on the current understanding of the aquifer properties, this would be 
about 1,840 feet (2.5 times 736 feet) between pumping wells.  Actual well spacing would 
be determined based on the results of the long-term testing program. 
 
4)  Operational plans for the wells would be to rotate the pumping of each well so that 
wear and tear is reduced.  During peak demand times, a second well would be brought 
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on-line to meet the estimated PMDD of 625 gpm.  Additionally, having a minimum of 
three wells capable of 312 gpm each would provide a safety factor such that any one well 
could be off-line for repair or maintenance without impacting the system’s ability to meet 
the 625 gpm peak demand. 
 
5)  Additional observation wells should be strategically placed such that the recharge 
source(s) can be monitored for both quantity and quality.  Other observation wells should 
be strategically placed to monitor known, suspected, or potential contamination sources.  
A Contamination Response Plan should be developed to identify response strategies in 
the event contamination, either natural or human generated, is detected so that 
remediation can begin before the water supply is compromised. 
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Table B-1.  Table of parameters used for DH-1 through DH-7 in the equations for bed-mounted, on-land, Ranney-type radial collector, and traditional 
vertical well calculations. 

Parameter  DH-1 DH-2 DH-3 DH-4 DH-5 DH-6 DH-7 
Caisson radius (ft) – RC only  20 20 20 20 20 20 20 
Depth below bottom of 
river/lake bed (ft) – BM only 

 10 10 10 10 10 10 10 

BM 25 25 25 25 25 25 NA 
OL 27.3 28.7 20 12 12 3 NA 
RC 60 35 30 48 34 45 22 

Depth below SWL (ft) 

VW 85 36 31 58 35 52 25 
Discharge (gpm)  Varies Varies Varies Varies Varies Varies Varies 
Distance to recharge (ft)  500 600 50 500 500 200 1320 
K of filter pack (gpd/ft2)  7000 7000 7000 7000 7000 7000 7000 

BM NA NA NA NA NA NA NA 
OL 40* 15* 9* 49* 20* 1645* NA 
RC** 2310 91.55 66.78 227.26 193.86 1,711.59 7,906.53 

K of formation (gpd/ft2) 

VW** 236.95 91.55 66.78 301.75 193.86 1,098.58 3,769.63 
RC 33,407.98 973.21 267.85 914.40 439.56 6,478.00 2,325.60 T of aquifer (ft2/d) 

 VW 2,692.82 746.65 294.64 2,460.98 984.93 7,050.25 10,584.00 
Length of laterals (ft)  Varies Varies Varies Varies Varies Varies Varies 

BM NA NA NA NA NA NA NA 
OL 13.65 14.35 10 6 6 1.5 NA 
RC 30 20 15 25 15 18 8 

Maximum drawdown (ft) 

VW 45 30.5 16.5 30.5 19 24 10.5 
Pumping duration (minutes)  Varies Varies Varies Varies Varies Varies Varies 
River depth (assumed ave.)(ft)  15 15 15 15 15 15 15 

BM NA NA NA NA NA NA NA 
OL 13.65 14.35 10 6 6 1.5 NA 
RC 45 35 15 30 19 25 8 

Saturated thickness while 
pumping (ft) 
 

VW 45 30.5 16.5 30.5 19 24 10.56 
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Screen radius (ft = .416 for 
VW) 

 Varies Varies Varies Varies Varies Varies Varies 

BM 25 25 25 25 25 25 NA 
OL 27.3 28.7 20 12 12 3 NA 
RC 89 37.7 33 61 38 55 28 

Static saturated thickness (ft) 

VW 89 37.7 33 61 38 55 28 
Storativity (dimensionless)  0.2 0.2 0.2 0.2 0.2 0.2 0.2 

BM = Bed-Mounted infiltration gallery   OL = On-Land infiltration gallery   RC = Ranney-type (or radial) Collector system   VW = Traditional Vertical 
Wells.   NA indicates that no samples were obtained or the listed parameter is not applicable at the site.  See Tables B-2 and B-3a through B-3f for 
parameters marked as ‘varies’ 
 
*  =  indicates that no samples were obtained from the zone in which on-land gallery intake screens would most likely be placed.  Burial depths of the 
intake screens would be limited to 30 feet or less due to limitations on excavation depths.  These K values are estimated based on physical descriptions of 
the materials encountered as described in the driller’s logs. 
 
**  =  It is assumed that the laterals for the Ranney-style Collector system would be placed in the most conductive zone and the conductivity would be the 
average of that zone plus all the zones above it; while the conductivity for the Vertical Wells is the average of the entire saturated thickness.  K values are 
taken from the Table of Conductivity Values in Appendix J. 
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Table B-2.  Table of bed-mounted infiltration gallery computations, DH-1 through DH-6. 
P

ip
e 

ra
di

us
 (f

t) 

D
es

ire
d 

Q
 (g

pm
) 

or
 M

ax
. f

lo
w

 –
 

w
hi

ch
ev

er
 is

 le
ss

 

D
es

ire
d 

Q
 (M

G
D

) 

B
ur

ia
l D

ep
th

 
(b

el
ow

 s
tre

am
 

bo
tto

m
) 

w
at

er
 d

ep
th

  
(ft

 b
gs

) 

K
 (g

pd
/ft

2)
 

Fl
ow

 V
el

oc
ity

 in
 

P
ip

e 
(<

= 
3 

ft/
se

c)
 

M
in

im
um

 L
en

gt
h 

of
 p

ip
e 

(ft
) 

Calculated 
length of pipe 

@ .5MGD 

Calculated 
length of pipe 
@ .75MGD 

Calculated 
length of 
pipe @ 
1.0MGD 

Calculated 
length of 
pipe @ 

1.25MGD 

Calculated 
length of 
pipe @ 
1.5MGD 

0.25 265* 0.38* 10.00 15.0 7000.00 3.01 5.26 N/A N/A N/A N/A N/A 
0.50 625.5 0.90 10.00 15.0 7000.00 1.77 10.13 5.63 8.44 11.25 14.06 16.88 
0.75 625.5 0.90 10.00 15.0 7000.00 0.79 8.80 4.89 7.33 9.77 12.22 14.66 
1.00 625.5 0.90 10.00 15.0 7000.00 0.44 7.86 4.36 6.55 8.73 10.91 13.09 
1.25 625.5 0.90 10.00 15.0 7000.00 0.28 7.13 3.96 5.94 7.92 9.89 11.87 
1.50 625.5 0.90 10.00 15.0 7000.00 0.20 6.53 3.63 5.44 7.25 9.07 10.88 
1.75 625.5 0.90 10.00 15.0 7000.00 0.14 6.03 3.35 5.02 6.69 8.36 10.04 
2.00 625.5 0.90 10.00 15.0 7000.00 0.11 5.59 3.10 4.65 6.20 7.76 9.31 
*  this is the maximum Q that a pipe of 0.25 feet can have and not exceed 3 ft/sec of axial flow. 

 
Notes: 
1 – Because DH-7 is located over ¼ mile from the shoreline, a bed-mounted infiltration gallery at that location is non-

applicable. 
2 – Because the hydraulic conductivity of the local materials does not factor into the calculations for a bed-mounted 

system, one set of calculations will apply to all bed-mounted system regardless of where they are located. 
3 – A K of  7000 gpd/ft2 is a fairly common value for clean, well graded sandy gravel, however just about any value of K 

can be obtained simply by varying the make up and gradations of the filter pack around the screen intakes.  The 
critical factor in designing the filter pack gradation will be the gradation of the river/lake sediments that would be 
available to sift into the filter pack and reduce its K value. 

4 – N/A (in Table B-2 and all the B-3 tables) indicates that the velocity in the pipe exceeds 3 ft/sec at these flows for the 
indicated pipe radius. 
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Table B-3a.  Table of on-land infiltration gallery computations, DH-1 (all distances are in feet). 
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length of 
pipe @ 
.5MGD 

Calculated 
length of 
pipe @ 
.75MGD 

Calculated 
length of 
pipe @ 
1.0MGD 

Calculated 
length of 
pipe @ 

1.25MGD 

Calculated 
length of 
pipe @ 
1.5MGD 

0.25 265.00 0.38 2.70 27.30 40.00 3.01 13278.27 389.00 13.65 N/A N/A N/A N/A N/A 
0.50 530.00 0.76 2.70 27.30 40.00 1.50 35021.86 513.00 13.65 22944.09 34416.13 45888.18 57360.22 68832.27
0.75 535.00 0.77 2.70 27.30 40.00 0.67 37350.72 542.00 13.65 24241.12 36361.68 48482.25 60602.81 72723.37
1.00 560.00 0.81 2.70 27.30 40.00 0.40 40033.81 555.00 13.65 24822.55 37233.83 49645.10 62056.38 74467.66
1.25 575.00 0.83 2.70 27.30 40.00 0.26 41698.67 563.00 13.65 25180.35 37770.53 50360.71 62950.89 75541.06
1.50 590.00 0.85 2.70 27.30 40.00 0.19 43394.44 571.00 13.65 25538.16 38307.24 51076.31 63845.39 76614.47
1.75 605.00 0.87 2.70 27.30 40.00 0.14 45043.19 578.00 13.65 25851.23 38776.85 51702.47 64628.09 77553.70
2.00 620.00 0.89 2.70 27.30 40.00 0.11 46798.86 586.00 13.65 26209.04 39313.56 52418.07 65522.59 78627.11

Table B-3b.  Table of on-land infiltration gallery computations, DH-2 (all distances are in feet). 
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Calculated 
length of 
pipe @ 
.5MGD 

Calculated 
length of 
pipe @ 
.75MGD 

Calculated 
length of 
pipe @ 
1.0MGD 

Calculated 
length of 
pipe @ 

1.25MGD 

Calculated 
length of 
pipe @ 
1.5MGD 

0.25 225.00 0.32 1.30 28.70 15.00 2.55 14335.49 205.00 14.35 N/A N/A N/A N/A N/A 
0.50 210.00 0.30 1.30 28.70 15.00 0.60 22125.61 339.00 14.35 36583.34 54875.01 73166.68 91458.36 109750.03
0.75 225.00 0.32 1.30 28.70 15.00 0.28 24545.16 351.00 14.35 37878.33 56817.49 75756.66 94695.82 113634.98
1.00 235.00 0.34 1.30 28.70 15.00 0.17 26293.39 360.00 14.35 38849.57 58274.35 77699.13 97123.92 116548.70
1.25 245.00 0.35 1.30 28.70 15.00 0.11 27945.27 367.00 14.35 39604.98 59407.46 79209.95 99012.44 118814.93
1.50 250.00 0.36 1.30 28.70 15.00 0.08 28981.78 373.00 14.35 40252.47 60378.70 80504.94 100631.17 120757.40
1.75 260.00 0.37 1.30 28.70 15.00 0.06 30706.70 380.00 14.35 41007.88 61511.81 82015.75 102519.69 123023.63
2.00 265.00 0.38 1.30 28.70 15.00 0.05 31626.66 384.00 14.35 41439.54 62159.31 82879.08 103598.85 124318.62

Table B-3c.  Table of on-land infiltration gallery computations, DH-3 (all distances are in feet). 
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Calculated 
length of 
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1.0MGD 

Calculated 
length of 
pipe @ 

1.25MGD 

Calculated 
length of 
pipe @ 
1.5MGD 

 

0.25 65.00 0.09 10.00 20.00 9.00 0.74 12826.67 185.00 10.00 N/A N/A N/A N/A N/A  
0.50 75.00 0.11 10.00 20.00 9.00 0.21 14080.00 176.00 10.00 65185.19 97777.78 130370.37 162962.96 195555.56  
0.75 80.00 0.12 10.00 20.00 9.00 0.10 15616.00 183.00 10.00 67777.78 101666.67 135555.56 169444.44 203333.33  
1.00 85.00 0.12 10.00 20.00 9.00 0.06 16048.00 177.00 10.00 65555.56 98333.33 131111.11 163888.89 196666.67  
1.25 90.00 0.13 10.00 20.00 9.00 0.04 15840.00 165.00 10.00 61111.11 91666.67 122222.22 152777.78 183333.33  
1.50 90.00 0.13 10.00 20.00 9.00 0.03 19104.00 199.00 10.00 73703.70 110555.56 147407.41 184259.26 221111.11  
1.75 95.00 0.14 10.00 20.00 9.00 0.02 18138.67 179.00 10.00 66296.30 99444.44 132592.59 165740.74 198888.89  
2.00 95.00 0.14 10.00 20.00 9.00 0.02 20773.33 205.00 10.00 75925.93 113888.89 151851.85 189814.81 227777.78  

Table B-3d.  Table of on-land infiltration gallery computations, DH-4 (all distances are in feet). 
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length of 
pipe @ 
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length of 
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Calculated 
length of 
pipe @ 
1.0MGD 

Calculated 
length of 
pipe @ 
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Calculated 
length of 
pipe @ 
1.5MGD 

 

0.25 125.00 0.18 18.00 12.00 49.00 1.42 15578.23 229.00 6.00 N/A N/A N/A N/A N/A  
0.50 140.00 0.20 18.00 12.00 49.00 0.40 16761.90 220.00 6.00 41572.18 62358.28 83144.37 103930.46 124716.55  
0.75 150.00 0.22 18.00 12.00 49.00 0.19 17959.18 220.00 6.00 41572.18 62358.28 83144.37 103930.46 124716.55  
1.00 155.00 0.22 18.00 12.00 49.00 0.11 20582.31 244.00 6.00 46107.33 69161.00 92214.66 115268.33 138322.00  
1.25 160.00 0.23 18.00 12.00 49.00 0.07 22378.23 257.00 6.00 48563.87 72845.80 97127.74 121409.67 145691.61  
1.50 165.00 0.24 18.00 12.00 49.00 0.05 23616.33 263.00 6.00 49697.66 74546.49 99395.31 124244.14 149092.97  
1.75 170.00 0.24 18.00 12.00 49.00 0.04 24331.97 263.00 6.00 49697.66 74546.49 99395.31 124244.14 149092.97  
2.00 175.00 0.25 18.00 12.00 49.00 0.03 24857.14 261.00 6.00 49319.73 73979.59 98639.46 123299.32 147959.18  
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pipe @ 
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Calculated 
length of 
pipe @ 
1.0MGD 

Calculated 
length of 
pipe @ 

1.25MGD 

Calculated 
length of 
pipe @ 
1.5MGD 

 

0.25 65.00 0.09 18.00 12.00 20.00 0.74 5200.00 60.00 6.00 N/A N/A N/A N/A N/A  
0.50 70.00 0.10 18.00 12.00 20.00 0.20 5693.33 61.00 6.00 28240.74 42361.11 56481.48 70601.85 84722.22  
0.75 78.00 0.11 18.00 12.00 20.00 0.10 6656.00 64.00 6.00 29629.63 44444.44 59259.26 74074.07 88888.89  
1.00 83.00 0.12 18.00 12.00 20.00 0.06 7304.00 66.00 6.00 30555.56 45833.33 61111.11 76388.89 91666.67  
1.25 87.00 0.13 18.00 12.00 20.00 0.04 7888.00 68.00 6.00 31481.48 47222.22 62962.96 78703.70 94444.44  
1.50 90.00 0.13 18.00 12.00 20.00 0.03 8280.00 69.00 6.00 31944.44 47916.67 63888.89 79861.11 95833.33  
1.75 95.00 0.14 18.00 12.00 20.00 0.02 8866.67 70.00 6.00 32407.41 48611.11 64814.81 81018.52 97222.22  
2.00 97.00 0.14 18.00 12.00 20.00 0.02 9312.00 72.00 6.00 33333.33 50000.00 66666.67 83333.33 100000.00  

Table B-3f.  Table of on-land infiltration gallery computations, DH-6 (all distances are in feet). 
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.5MGD 

Calculated 
length of 
pipe @ 
.75MGD 

Calculated 
length of 
pipe @ 
1.0MGD 

Calculated 
length of 
pipe @ 

1.25MGD 

Calculated 
length of 
pipe @ 
1.5MGD 

0.25 7.00 0.01 27.00 3.00 1645.00 0.08 27.23 15.00 1.50 N/A N/A N/A N/A N/A 
0.50 8.00 0.01 27.00 3.00 1645.00 0.02 35.27 17.00 1.50 1531.01 2296.52 3062.03 3827.54 4593.04
0.75 9.00 0.01 27.00 3.00 1645.00 0.01 42.02 18.00 1.50 1621.07 2431.61 3242.15 4052.68 4863.22
1.00 10.00 0.01 27.00 3.00 1645.00 0.01 51.87 20.00 1.50 1801.19 2701.79 3602.39 4502.98 5403.58
1.25 11.00 0.02 27.00 3.00 1645.00 0.00 59.91 21.00 1.50 1891.25 2836.88 3782.51 4728.13 5673.76
1.50 11.00 0.02 27.00 3.00 1645.00 0.00 59.91 21.00 1.50 1891.25 2836.88 3782.51 4728.13 5673.76
1.75 12.00 0.02 27.00 3.00 1645.00 0.00 65.36 21.00 1.50 1891.25 2836.88 3782.51 4728.13 5673.76
2.00 12.50 0.02 27.00 3.00 1645.00 0.00 74.57 23.00 1.50 2071.37 3107.06 4142.74 5178.43 6214.12

1 – In Tables 4a through 4f, the columns with the vertical labeling are the calculations for a ‘unit’ length of screen with the parameters listed.  The columns 
labeled as ‘Maximum Q (gpm)’ and ‘Maximum Q (MGD’ are the maximum yields possible from the calculated ‘unit’ lengths in the column labeled ‘Length of 
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Pipe’.  To obtain the yields necessary to meet desired peak daily demands, the unit length is simply multiplied by an appropriate factor to result in the 
desired maximum Q.  For example, if a unit length of 5’ has a maximum Q of 10 gpm, and one needs a yield of 100 gpm, one would simply multiply both the 
maximum Q and unit length by the same factor – in this example that would be 10 – to obtain 50’ of screen yielding 100 gpm. 

B - 7

2 – All calculations are rounded of to two decimal places. 
3 – Because DH-7 is located over ¼ mile from the shoreline, an on-shore infiltration gallery at that location is non-applicable. 
4 – N/A indicates that the velocity in the pipe exceeds 3 ft/sec at these flows for the indicated pipe radius. 
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Figure B-2.  Graph of yields versus number of laterals for site DH-1 
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Figure B-3.  Graph of yields versus number of laterals for site DH-2 
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Figure B-4.  Graph of yields versus number of laterals for site DH-3 
 

Theoretical Collector System Yields

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Total Number of Laterals

Yi
el

d 
(M

G
D

) 200 ft : 1' dia
150 ft : 1' dia
100 ft : 1' dia
200 ft : 2' dia
150 ft : 2' dia
100 ft : 2' dia

 
Figure B-5.  Graph of yields versus number of laterals for site DH-4 
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Figure B-6.  Graph of yields versus number of laterals for site DH-5 
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Figure B-7.  Graph of yields versus number of laterals for site DH-6 
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Figure B-8.  Graph of yields versus number of laterals for site DH-7 
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TO:  Files, Nebraska-Kansas Area Office, Bureau of Reclamation, 
 
FROM: NK-320: Larry Cast, Robert Schieffer, Clinton Powell 
 
DATE: November 19, 2007 
 
SUBJECT: Drilling Activity Summary, Test Well Construction and Pump Test, Santee Sioux 

Water Supply Feasibility Study (October 9th thru 12th, 2007) 
 
 
Tuesday October 9, 2007 - 
Tracy McConnell (Grosch Well Drilling Project Manager), Bob Schieffer (Bureau of Reclamation, 
Grand Island), and Larry Cast (Bureau of Reclamation, Grand Island) arrived at the jobsite around 
noon on October 9, 2007.  The work, specifications, and safety requirements were discussed prior to 
commencement of the work.  The contractor set up a rotary drill CME on Obs. well E-2 and 
completed other preparation work for drilling.  The contractor left the site at 4:30 p.m. 
 
Wednesday October 10, 2007 –  
 
Drilling began in the morning on observation well E-2.  Very “rough” drilling was encountered 
below 20’.  The hole was advanced to 50’ at which time gravel and cobbles had accumulatively 
collected at the bottom of the hole and could not be washed out or pushed aside.  The hole was 
considered complete and a 2” flush coupled PVC pipe and 10’ screen was installed to a depth of 45’ 
(hole had caved some).  No gravel pack was placed as the hole collapsed around the screen.  During 
the drilling of E-2, several 3,000 gallon truck loads of water were required to maintain circulation.  
Water losses began around 20 feet and continued the entire depth of the hole. 
 
Observation well E-2 was developed by lowering 1” PVC pipe to near the bottom of screen and 
using an air compressor to air lift water from the 2” pipe.  The water discharge rate was 1+/- gpm 
and the process was continued until the discharge water cleared (typically 2-4 hours).  To check 
hydraulic connection with the aquifer, 5 gallons of clean water was poured in the pipe.  A water 
level measurement was immediately taken to verify that the added water had quickly flowed 
through the screen.    
 
The drilling of observation well E-1 began in the afternoon.  Permission to use bentonite as a 
drilling additive (for observation wells only) was given to the contractor in an effort to reduce fluid 
losses, maintain hole integrity, and help remove larger fragments from the hole.  Despite the use of 
bentonite, the hole could not be advanced past 50’ and kept collapsing back to 25’.  The decision 
was made to shut down and get additional drill rods of different lengths to give more options when 
adding rods.   
 
 
Thursday October 11, 2007 –  
A contractor representative arrived in the morning with drill rods and additional bentonite.  E-1 had 
collapsed to 27’.  The contractor back filled the hole with cuttings and bentonite before re-drilling in 
an effort to reduce fluid loss and increase hole stability.  Drilling commenced and the contractor 
advanced the hole to 50’.  The rods were pulled and the hole collapsed to 45’.   The hole was then 
cleaned out and advanced to 58’.  The contractor pulled the rods and removed the bit, then jetted the 
rods back down to 58’.  A 2” PVC pipe and screen were installed (screen 42`-52`).  The rods were 
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then pulled from hole and hole collapsed to near top of screen.  Gravel pack was added to 35’.  The 
well was then air developed in the same manner as observation E-2. 
 
It was decided that it would be advantageous to place observation wells N-1 and N-2 inside the 
fenced area of adjacent storage facility.  The owner of the storage facility, Mr. Jim James, was 
contacted and verbal permission to drill inside the fenced area was granted.   
 
Observation well N-1 was initiated in the afternoon and completed to a depth of 50’ at which point 
the hole kept collapsing to a depth that did not allow the adding of rods. A short 3.7’ rod was added 
and the hole was drilled that additional amount.  The bit was then removed and the rods jetted down 
and 50’ of PVC pipe and screen was installed (screen 37`-47`).  The hole collapsed around the 
screen and a small amount of gravel pack was used. 
 
Friday October 12, 2007-  
The drilling of observation well N-2 was started at a point 100’ north of the test well.  The hole was 
advanced to 50’ at which time the Kelly hose blew and drilling was halted until Monday (take note 
that the hole location was changed on Monday). 
 
The test well mud pit was excavated, the reverse rotary drill was set-up, and drilling commenced.  
From 0-14’, the contractor used a bit which made a 3’ diameter hole.  Below 14’, the contractor 
used a bit which made an 18” hole (theoretically).  At 19 feet, material containing gravel and 
cobbles was encountered and a “rock trap” was installed to aid in removing this material.  Rock up 
to 8”-diameter was retrieved by the "rock trap".  It is estimated that approximately 1 cubic yard of 
this oversize material was removed during drilling.  At 55’, the bit could not be advanced, either 
due to a hard layer or accumulated cobbles that could not be removed or displaced.  The hole depth 
was considered adequate and 15’ well screen (stainless steel) and 10” PVC casing was installed 
(screened from 38`-53’.)  Centering guides were installed at 20’ and 40’.  Gravel packing by tremie 
pipe and pumps began at 6:30 p.m. and ended at 10:30 p.m. when the gravel pack material was 
exhausted.  It is estimated that 54 cubic feet of gravel pack was installed, which is approximately 
twice the volume of gravel pack required for an 18” with a 10” screen.  Only 7`-8` of the 
15’screened interval received gravel pack.  No options were available other than letting the hole 
collapse around the upper portion of the screen for a natural gravel pack. 
 
Drillings conditions encountered were more difficult than anticipated.  Previous exploratory 
geologic drilling had the capability of only obtaining or removing 1 ½” diameter material.  The 
medium size cobbles recovered from the current drilling was 8”+/-.  There was a considerable 
amount of this oversize material and if instantaneous removal did not occur then these cobbles were 
“wallowed” around by the drill bit causing a much larger diameter hole than anticipated. 
 
Some rough calculations indicated that 54 cubic feet of gravel pack around 7’-8’ of the screen 
equates to an approximate hole diameter of 36”.   
 
Monday, October 15, 2007-  
Over the weekend, the test well had collapsed to a depth of 30 ft +/- around the screen and casing.  
The contractor arrived in the afternoon and delivered pea gravel to the site.  The rest of the test well 
hole was filled with pea gravel in effort to stabilize the PVC casing.   
 
Due to the collapse of material around the test well screen, it was decided to move observation well 
N-2 from 100’ north of the test well, to a distance of 25’ north of the test well.  This change was in 
effort to provide more sensitive drawdown data, due to the potentially reduced yield from the 
collapse of the well around the screen and casing.  The contractor agreed to abandon the partially 
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drilled N-2 hole and setup at a new location 25’ north of the test well.  The N-2 hole was renamed 
as N2-30.    
 
Tuesday, October 16, 2007-  
The contractor spent the morning setting up the development equipment for the test well.  The 
mechanical surge block had a plastic bristle washer which needed to be trimmed from a 12” 
diameter to a 10” diameter.   
 
Development of the test well began at 1:00 pm with the pump discharging 40 gpm+/-, and 
continued until 6:20 pm.  At 1:30, the contractor started drilling the N2-30 drill hole,  at which time 
it was noticed that the test well development process was drawing drill fluid from the N2-30 hole.  
Therefore, the test well development was stopped from 2:15 pm to 3:50 pm so the N2-30 drilling 
could be continued.   
 
The crew drilled N2-30 to 35’ +/- encountering the same issues as the other observation wells.  The 
contractor decided to stop drilling at 4:00 pm and went back to North Bend for the evening. 
 
Wednesday, October 17, 2007-  
The contractor resumed drilling of observation well N2-30, with resistance being met at 42’.  The 
PVC screen and pipe were then installed.  Observation wells N2-30 and N-1 were then developed 
using air-lift methods.   
 
The contractor installed the test pump, stem, and flow meter on the test well.  The preliminary pump 
test was initiated at 1:54 pm and was completed at 6:50 pm.  Drawdown data was recorded 
automatically with an electronic data logger.  Measurements were taken simultaneously by hand as 
often as possible for the first hour, then every hour thereafter.  The well stabilized at 425 gallons per 
minute.  
 
Recovery data was recorded immediately after the pump was shut down.  Data was recorded 
automatically with an electronic data logger, and the logger was allowed to read throughout the 
night.  Measurements were taken simultaneously by hand as often as possible for the first hour, then 
every hour thereafter.   
 
Ph and conductivity readings were taken periodically by tribal staff.  Later the next day, it was 
discovered that the pH meter was faulty.   
 
 
Thursday, October 18, 2007-  
Reclamation representatives setup the 24-hr pump test.  The pump was started at 10:19 am.  A 
Tribal representative took water quality samples at 10:30 am.   
 
At 11:45 am we realized that the pH meter was reading inaccurately. A pH meter was borrowed 
from the city of Niobrara and the first pH reading was taken at 2:30 pm.   
 
Drawdown data was recorded automatically with an electronic data logger, and the logger was 
allowed to read through the night.  Measurements were taken simultaneously by hand as often as 
possible for the first hour, then every hour thereafter.   
 
 
Friday, October 19, 2007-  
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The pump test continued through 11:00 am.  Recovery data was recorded automatically with an 
electronic data logger, and the logger was allowed to read through the night.  Measurements were 
taken simultaneously by hand as often as possible for the first hour, then every hour until 7:00 pm.   
 
 
 
Saturday, October 20, 2007-  
One last set of manual readings was taken at 9:15 am, and the recovery test was ended shortly 
thereafter. 
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Test dates: 10/18/2007 to 10/19/2007
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Subject: Santee Sioux Water Quality Review and Treatment Recommendations 
 
SCOPE OF WORK  

Reclamation’s Plant Structures Group was tasked to review the water quality of Santee Sioux well 
water and provide recommendations for treatment. 
 
WATER QUALITY ANALYSIS 

Water quality sampling on the Santee Sioux well water was conducted on October 18 and October 
19, 2007.  The analysis of the samples was conducted by Midwest Laboratories, Inc. of Omaha, 
Nebraska.  A summary of the sampling sessions is provided in Table 1. 
 
Sampling Dates October 18, 2007 October 19, 2007 
Lab Reference # 212031 212041 
Lab Report # 07-298-2093 07-319-2239 
 
The water quality reports are provided as Attachments 1 and 2 of this memo.   
 
WATER QUALITY OBJECTIVES 

The water quality objectives are dictated by the U.S. Environmental Protection Agency’s (EPA) 
National Primary Drinking Water Regulations (NPDWR) or primary standard.  The EPA has 
established primary and secondary standards to protect public health and to improve the aesthetics 
of the nation’s drinking water supplies respectively.  NPDWRs are legally enforceable standards 
that apply to public water systems.  Primary standards protect drinking water quality by limiting the 
levels of specific contaminants that can adversely affect public health and that are known or 
anticipated to occur in water.  The standards take the form of maximum contaminant levels (MCL) 
or Treatment Techniques. 
 
A National Secondary Drinking Water Regulation (NSDWR or secondary standard) is a 
nonenforceable guideline regarding contaminants that may cause cosmetic effects (such as skin or 
tooth discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water.  EPA 
recommends secondary standards to water systems but does not require systems to comply.  
However, States may choose to adopt them as enforceable standards. 
 
A summary of EPA National Primary Drinking Water Standards can be found at 
http://www.epa.gov/safewater/contaminants/index.html and is provided in Attachment 3. 
 
ANALYSIS OF WATER QUALITY DATA 

Table 2 is a partial summary of the analyte concentrations sampled on 10/18/07 and 10/19/07.  As 
further defined below, analytes of obvious concern are in red while analytes of potential concern are 
in yellow. 
 
Review of Table 2 shows that the concentrations from the sampled well water do not exceed any 
EPA Primary Drinking Water Standards.   The EPA secondary standards significantly exceeded are 
TDS and sulfate.  The high levels of TDS and sulfate will produce taste and odor problems.  
 

http://www.epa.gov/safewater/mcl.html#sec
http://www.epa.gov/safewater/contaminants/index.html
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Also, this water is extremely hard as a result of high concentrations of calcium and magnesium 
combining with bicarbonate.  Very hard water is defined as having a total hardness (mg/l in CaCO3) 
greater than 180.  The Santee Sioux well water is about 900 mg/l.  In addition to scale caused by 
calcium carbonate and magnesium carbonate, calcium can form with elevated levels of sulfate to 
form calcium sulfate.  Scale adversely affects plumbing fixtures in homes, especially water heaters 
and washing machines.     
 
Some constituents that may be of potential but not immediate concern are manganese, total organic 
carbon (TOC) and radionuclides (alpha particles).  The manganese concentration from 10/18/07 
slightly exceeded the EPA secondary standard of 0.05 mg/l.  Soluble manganese will cause a black 
precipitation when exposed to oxygen.   
 
Total organic carbon will trigger the disinfection byproduct rule if the influent concentration 
exceeds 2 mg/l.  Santee Sioux well water was reported at 1.5 and 1.6 mg/l.  Disinfectants such as 
free chlorine, ozone and chlorine dioxide react with natural organic and inorganic matter in source 
water and distribution systems to form disinfection byproducts (DBPs).  Results from toxicology 
studies have shown several DBPs (e.g., bromodichloromethane, bromoform, chloroform, 
chloroacetic acid, and bromate) may be carcinogenic.   
 
The water sample from 10/19/07 produced a gross alpha particle concentration of 13 pCi/L, which 
is approaching the EPA MCL of 15 pCi/L.  The EPA specifies that the potential health impact from 
alpha particles is an increased risk of cancer.   
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Table 2 ─ Partial Summary of Sampling Data (includes Primary and Secondary Contaminants): 
analytes of obvious concern are in red, analytes of potential concern are in yellow. 

Date Sampled 
 

EPA 
Primary or 
Secondary 
Standard 

10/18/07 10/19/07 

pH 2 6.8≤pH≤8.5 7.34  

Turbidity (ntu) TT3 - 0.15 

Conductance (μS/cm) - 1,593 1,600 

TSS (mg/l) - 8 ND 

TDS (mg/l) 2 500 1,290 1,276 

Giardia (oocysts/10 L)  ND ND 

Cryptosporidium (oocysts/10 L)   ND 

Na (mg/l) - 39.7 - 

Ca (mg/l) - 231 243 

Mg (mg/l) - 65.2 70.7 

Total Hardness (mg/l as CaCO3) - 845 898 

K (mg/l) - - 9.3 

Cl (mg/l) 2 250 - 22 

F (mg/l) 2 2 - 0.7 

Silica (SiO2)(mg/l) - - 30.2 

Dissolved Silicon (mg/l) - 12 - 

Total Silicon (mg/l)   12 14.1 

SO4 (mg/l) 2 250 - 587 

Alk (mg/l as CaCO3) - 362 320 

HCO3 (mg/l as CaCO3) - 320 358 

CO3 (mg/l as CaCO3) - 0.52 4.43 

NO2+ NO3(mg/l as N) 1 11 1.0 1.3 

NO2 (mg/l as N) 1  1  ND 

NO3 (mg/l as N) 1 10 - 1.3 

Total Phosphorus (mg/l) - - ND 

Dissolved organic carbon (mg/l) - 1.9 1.6 

Total organic carbon (mg/l) - 1.5 1.6 

Gross Alpha (pCi/L) 1 15 - 13 

Gross Beta (pCi/L) 1  - 15 

Arsenic (μg/L) 1 10 ND ND 

Total Barium (mg/l) 2 - 0.01 

Cadmium (μg/L) 1 5 - ND 

Chromium (μg/L) 1 100 - ND 

Iron (mg/l) 2 0.3 - 0.03 
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Date Sampled 
 

EPA 
Primary or 
Secondary 
Standard 

10/18/07 10/19/07 

Cyanide (mg/l) 0.2 - ND 

Manganese (mg/l) 2 0.05 0.06 0.02 

Mercury (μg/L) 1 2 - ND 

Nickel (mg/l) - - ND 

Selenium (mg/l) 1 0.050 0.013 0.014 

Uranium (mg/l) 1 0.03 - 0.0188 

Zinc (μg/L) 1 5,000 - ND 

Lead (μg/L) 1 TT7 

0.015 - ND 

Copper (mg/l)1 TT7 

1.3 - ND 

 
Notes: 
 ⎯   = No Primary MCL applicable or sample not taken 
NA   = Data not available; μg/L = microseism per centimeter’ mg/l = milligrams per 
                liter 
cfs  = cubic feet per second. 
1   = Primary MCL  
2   = Secondary MCL 
TT3  = Treatment Technique.  See footnote 3 in EPA National Primary Drinking Water  
                Standards (Attachment 3) 
TT7  = Treatment Technique.  See footnote 7 in EPA National Primary Drinking Water  
                Standards (Attachment 3) 
 

RECOMMENDED TREATMENT ALTERNATIVES 

A matrix (Table 3) is provided which shows which treatment technologies are effective for the 
removal of TDS, sulfate, hardness, manganese, TOC and radionuclides (alpha particles).  The 
presence of TDS, SO4 and Hardness warrant advanced water treatment processes. Advanced 
processes are processes other than coagulation, flocculation, sedimentation, and filtration.  As 
shown, reverse osmosis (RO) membranes alone can remove all the constituents of concern and 
is therefore recommended.  For RO, the high levels of calcium, magnesium and sulfates require 
the use of an anti-scalent to prevent scaling on the membrane surface.  In addition, if manganese is 
exposed to oxygen prior to RO, suspended manganese particulates may clog the membranes.   If RO 
is used for treatment, pretreatment to remove calcium, magnesium and manganese is warranted.   
 
Reverse osmosis is recommended for the removal of TDS, lower concentrations of TOC (less than 2 
mg/l) and radionuclides.   A cartridge filter should be present before the RO system to remove 
suspended particles that remain after the pretreatment processes.  The waste stream from the RO 
will be a brine stream which should be discharged to a wastewater treatment plant or evaporation 
ponds.  
 
The final treatment step should be disinfection with chlorine or chloramines using  contact time 
from a clearwell.  The chorine or chloramine dosage will be dependent on the required disinfectant 
residual in the potable water distribution system.   
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PRETREATMENT DISCUSSION 

 
Removal of calcium and magnesium can be performed with lime softening or ion exchange.  Lime 
softening requires solid contact clarifier tanks where lime is added.  This step produces a chemical 
sludge which may require dewatering and specific handling and disposal.  For smaller treatment 
plant flows, ion exchange provides the advantage of compact pressure vessels filled with resin.  
Cations of calcium and magnesium are exchanged for cations of sodium which are attached to the 
resin.  The resin requires routine regeneration (flushing with a chemical solution).   The waste flow 
is a brine stream from the regeneration of the resin.  Unlike lime softening, no sludge is produced 
by ion exchange.  For the small flow expected at Santee Sioux, (<1mgd) ion exchange should be 
considered over lime softening for the removal of calcium and magnesium since it requires less 
space and is available from many vendors, some of which can provide the regeneration service.   
 
If the combined iron and manganese concentrations are low (less than 1 mg/l), then it may be 
possible to remove the soluble manganese with ion exchange alone.  If it is determined that iron and 
manganese exist in their dissolved, soluble form, (as manganous manganese or ferrous iron, which 
are not settleable) then oxidation with aeration, chlorine or manganese greensand filtration are 
alternatives to consider.  These oxidizing agents convert the dissolved form to an insoluble, 
settleable form for removal by settling or filtration.  
 
Oxidation with chlorine is not likely to form disinfection by-products at the TOC levels present (<2 
mg/l).   
 
Similar to ion exchange, manganese greensand filters have the advantage of compact pressure 
vessels and a waste stream that requires special attention for disposal.  The pressure vessels are 
filled with greensand media which immediately oxidizes and retains the manganese particulates.  
The greensand media must be backwashed and recharged with a potassium permanganate solution.    
 
Two potential RO treatment train alternatives are presented in Figures 1 and 2.  They are provided 
to show options for pretreatment.  Alternative 1 provides a system with ion exchange, a cartridge 
filter, RO and disinfection with chlorine or chloramines.  This process can remove the hardness and 
may be used if the iron and manganese are low or are in settleable form (manganic manganese and 
ferric iron).  The second alternative adds greensand filtration after ion exchange for the removal of 
higher concentrations of manganese (and iron if the iron level exceeds the standard).  
 
 

OTHER RECOMMENDATIONS 

 
Additional water quality tests (monthly) should be made to characterize the seasonal variation of the 
contaminants of concern. 
 
A pilot program to optimize the pre-treatment possibilities for RO is recommended for Feasibility 
or Final design of the water treatment process. 
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Investigate the possibility of locating another raw water source, of better water quality, to either 
avoid the water treatment described for this well, or to blend in with the water from this well to 
improve its quality and reduce the treatment needed. 
 



 

Table 3 – Summary of Treatment Alternatives 
Treatment Technique       
 TDS SO4 Hardness Mn TOC Radionuclides
Coagulation/Flocculation/Sedimentation     X  
GAC     X  
Greensand Filtration    X   
Ion Exchange   X    
Lime Softening   X    
Reverse Osmosis X X X X X X 
Oxidation (chlorination/sedimentation)    X   
Note: The presence of TDS, SO4 and Hardness warrant advanced water treatment processes. 
 

 

Figure 1 – Potential RO Treatment Train No. 1 
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Figure 2 – Potential RO Treatment Train No. 2 
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PREVIOUS WATER QUALITY RESULTS 
Excerpted from: 
 
Cast, Larry D., 1994, Water Supply Investigations for the Village of Santee, Nebraska, Bureau of 
Reclamation, Nebraska-Kansas Area Office, Grand Island, Nebraska. 
 
Groundwater from Bazille Creek alluvium, approximately 7.5 miles from the Village of 
Santee: 
 
                                               *MCL (mg/l) 
    Secondary  Water Supply 
Inorganic Chemicals               Standards        1977 (mg/l)     1986 (mg/l) 
Total Dissolved Solids    500   1070  776 
** Sodium        20       41    44 
     Sulfate      250     520  620 
     Manganese          0.05        0.5      0.1 
 
* Maximum Contaminant Level 
** EPA Guidance Level, No secondary standard 
 
 
Missouri River Water Quality: 
 
   Niobrara River1 Missouri River2 Missouri River3 
Species  near Verdel, NE at Springfield, SD at Yankton, SD 
Nitrate     <0.1 mg/l     <0.1   mg/l     0.2 mg/l 
Fluoride       ---        0.55  mg/l     0.5 mg/l 
Chloride       ---       17.4   mg/l     9.0 mg/l 
Iron        ---         2.48 mg/l     0.0 mg/l 
Manganese      0.8 mg/l        0.23 mg/l     --- 
Sulfate      15   mg/l    234      mg/l  191   mg/l 
TDS    302   mg/l    496      mg/l  447   mg/l 
pH        8.3         8.0       7.8 
Alkalinity (CaCO3)     97  mg/l    176      mg/l    --- 
Bicarbonate    119  mg/l    215      mg/l   176   mg/l 
EC     242  micromhos   778      micromhos  676   micromhos 
Calcium     ---       67      mg/l     57   mg/l 
Magnesium     ---       24.3   mg/l     18   mg/l 
Hardness (CaCO3)    ---     267      mg/l   217   mg/l 
Sodium       11  mg/l      69      mg/l     60   mg/l 
Potassium      ---         4.7   mg/l       5.0 mg/l 
 
1 USGS (1990) 
2 Village of Springfield, South Dakota (1992) 
3 USGS (1957) 
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Water Supply Investigation, 1994, Boreholes DH-1 and DH-2: 
Laboratory analysis performed by the State of Nebraska, Department of Health 
 
                                                
      Hole No. DH-1    Hole No. DH-2             Irrigation 
Inorganic Chemicals     67–72 ft (mg/l)*   34–39 ft (mg/l)*           Well (mg/l)*    Spring (mg/l)* 
Coliform   1/100 ML 2.2/100 ML  0/100 ML Confluent 
           Growth 
Calcium      532     564     316    99 
Chloride        38       52       24      4 
Fluoride          0.38        0.68        0.53     0.31 
Iron           2.9      18.0      >0.1    >0.1 
Total Alkalinity (CaCO3)     424     492     376   240 
Total Hardness (CaCO3)  1,600  1,824             1,208   340 
Total Dissolved Solids 2,420  2,604             1,768   494 
pH           7.4        7.4        7.3       7.8 
Nitrate-N        <0.1      <0.1        2.0       2.2 
Sodium        72       95       49      15 
Sulfate    1,150  1,330     870    139 
Manganese          7.6        3.8        0.08     >0.05 
Volatile Organics       Not Detected      Not Detected 
     (EPA Method 524.2) 
Pesticide/Herbicide       Not Detected      Not Detected 
     (EPA Scan) 
Pesticide/Herbicide             < MDL            <MDL 
     (Nebraska Scan) 
Radon       376    pCi/l    117    pCi/l 
Gross Alpha        12.0 pCi/l      10    pCi/l 
Gross Alpha Radium (226)        0.3 pCi/l        0.2 pCi/l 
Arsenic          0.005        0.011 
Barium        <0.1      <0.1 
Cadmium        <0.001      <0.001 
Chromium          0.002         0.011 
Lead           0.001        0.005 
Mercury        <0.001      <0.001 
Selenium        <0.005      <0.005 
Silver         <0.001      <0.001 
 
* - all concentrations are in mg/l unless otherwise noted., with the exception of pH. 
MDL – Method Detection Limit 
pCi/l – picoCurie/liter 
ML – Milliliter 
Mg/l – milligram per liter 
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APPENDIX  E 
 
 

HERMIT DATA RECORDINGS 
 



 



In-Situ Inc. Hermit 3000 
 
Report generated: 11/04/07 00:36:01 
Report from file: C:\Documents and Settings\W. Robert Talbot\Desktop\Data\SN45888 2007-10-17 124652 2hr Pump        
.bin 
DataMgr Version 3.71 
 
Serial number: 00045888 
Firmware Version 7.10 
Unit name:  HERMIT 3000 
 
Test name:  2hr Pump         
 
Test defined on: 10/17/07 11:10:38 
Test started on: 10/17/07 12:46:53 
Test stopped on: 10/17/07 17:41:12 
Test extracted on: 01/01/01 00:00:42 
 
Data gathered using Logarithmic testing 
   Maximum time between data points:      10.0000 Minutes. 
   Number of data samples: 139 
 
 
TOTAL DATA SAMPLES 139 
 
Channel number [1] 
  Measurement type: Pressure 
  Channel name: ETwo 
  Linearity:  0.0015000 
  Scale:  10.3030000 
  Offset:  -0.0134000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.640 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   12.821 Feet H2O 
 
Channel number [2] 
  Measurement type: Pressure 
  Channel name: EOne 
  Linearity:  0.1253000 
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  Scale:  19.6723000 
  Offset:  -0.1940000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   32.270 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   19.660 Feet H2O 
 
Channel number [3] 
  Measurement type: Pressure 
  Channel name: Test 
  Linearity:  0.0696000 
  Scale:  19.9209000 
  Offset:  -0.0091000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.660 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   15.428 Feet H2O 
 
Channel number [0] 
  Measurement type: Barometric Pressure 
  Channel name: Barometric 
  Linearity:  0.0000000 
  Scale:   0.0000000 
  Offset:   0.0000000 
  Warmup:  50 
 
 
       Chan[1] Chan[2]    Chan[3]     Chan[0] 
  Date   Time    ET (min)  Feet H2O Feet H2O    Feet H2O     Inches Hg 
-------- -------- ------------ ---------- ----------- ----------- --------------- 
10/17/07 12:46:53       0.0000     31.640     32.270     31.660     28.192 
10/17/07 12:46:54       0.0218     31.639     32.273     31.660     28.192 
10/17/07 12:46:55       0.0437     31.639     32.273     31.663     28.192 
10/17/07 12:46:56       0.0655     31.640     32.273     31.660     28.190 
10/17/07 12:46:58       0.0873     31.639     32.270     31.657     28.190 
10/17/07 12:46:59       0.1092     31.640     32.273     31.660     28.188 
10/17/07 12:47:00       0.1310     31.640     32.273     31.660     28.190 
10/17/07 12:47:02       0.1528     31.640     32.273     31.660     28.188 
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10/17/07 12:47:03       0.1747     31.639     32.273     31.660     28.188 
10/17/07 12:47:04       0.1965     31.640     32.273     31.657     28.188 
10/17/07 12:47:06       0.2183     31.640     32.273     31.660     28.188 
10/17/07 12:47:07       0.2402     31.640     32.273     31.660     28.188 
10/17/07 12:47:08       0.2620     31.640     32.273     31.657     28.188 
10/17/07 12:47:10       0.2838     31.640     32.273     31.660     28.186 
10/17/07 12:47:11       0.3057     31.640     32.276     31.660     28.188 
10/17/07 12:47:12       0.3275     31.641     32.273     31.660     28.184 
10/17/07 12:47:13       0.3493     31.640     32.273     31.660     28.184 
10/17/07 12:47:15       0.3712     31.641     32.273     31.660     28.184 
10/17/07 12:47:16       0.3930     31.640     32.273     31.657     28.184 
10/17/07 12:47:17       0.4148     31.640     32.273     31.660     28.182 
10/17/07 12:47:19       0.4367     31.640     32.276     31.657     28.182 
10/17/07 12:47:20       0.4588     31.640     32.273     31.660     28.182 
10/17/07 12:47:21       0.4823     31.640     32.276     31.657     28.180 
10/17/07 12:47:23       0.5072     31.640     32.273     31.657     28.180 
10/17/07 12:47:25       0.5335     31.640     32.273     31.660     28.180 
10/17/07 12:47:26       0.5615     31.640     32.276     31.657     28.180 
10/17/07 12:47:28       0.5912     31.640     32.273     31.657     28.180 
10/17/07 12:47:30       0.6225     31.640     32.273     31.657     28.180 
10/17/07 12:47:32       0.6557     31.641     32.276     31.657     28.178 
10/17/07 12:47:34       0.6908     31.641     32.276     31.657     28.176 
10/17/07 12:47:36       0.7282     31.641     32.273     31.657     28.174 
10/17/07 12:47:39       0.7677     31.641     32.276     31.657     28.176 
10/17/07 12:47:41       0.8095     31.643     32.276     31.657     28.178 
10/17/07 12:47:44       0.8538     31.641     32.276     31.654     28.176 
10/17/07 12:47:47       0.9008     31.641     32.276     31.654     28.174 
10/17/07 12:47:50       0.9507     31.641     32.276     31.657     28.172 
10/17/07 12:47:53       1.0033     31.641     32.273     31.657     28.172 
10/17/07 12:47:56       1.0592     31.641     32.276     31.657     28.170 
10/17/07 12:48:00       1.1183     31.641     32.273     31.654     28.170 
10/17/07 12:48:03       1.1810     31.641     32.273     31.657     28.168 
10/17/07 12:48:07       1.2473     31.640     32.273     31.660     28.168 
10/17/07 12:48:12       1.3177     31.641     32.276     31.654     28.168 
10/17/07 12:48:16       1.3922     31.641     32.276     31.651     28.166 
10/17/07 12:48:21       1.4712     31.641     32.273     31.657     28.166 
10/17/07 12:48:26       1.5548     31.640     32.273     31.651     28.164 
10/17/07 12:48:31       1.6433     31.640     32.273     31.654     28.164 
10/17/07 12:48:37       1.7372     31.640     32.273     31.654     28.162 
10/17/07 12:48:43       1.8365     31.640     32.276     31.651     28.162 
10/17/07 12:48:49       1.9418     31.640     32.276     31.651     28.162 
10/17/07 12:48:56       2.0533     31.641     32.279     31.651     28.160 
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10/17/07 12:49:03       2.1715     31.641     32.276     31.651     28.156 
10/17/07 12:49:10       2.2967     31.640     32.276     31.651     28.156 
10/17/07 12:49:18       2.4292     31.640     32.276     31.651     28.154 
10/17/07 12:49:27       2.5697     31.640     32.273     31.654     28.154 
10/17/07 12:49:36       2.7185     31.640     32.270     31.651     28.154 
10/17/07 12:49:45       2.8760     31.640     32.270     31.654     28.150 
10/17/07 12:49:55       3.0428     31.640     32.273     31.654     28.150 
10/17/07 12:50:06       3.2197     31.639     32.273     31.651     28.148 
10/17/07 12:50:17       3.4070     31.636     32.267     31.651     28.131 
10/17/07 12:50:29       3.6053     31.637     32.267     31.651     28.138 
10/17/07 12:50:41       3.8155     31.637     32.270     31.651     28.144 
10/17/07 12:50:55       4.0382     31.670     32.492     40.512     28.148 
10/17/07 12:51:09       4.2740     31.693     32.481     36.834     28.150 
10/17/07 12:51:24       4.5238     31.702     32.492     37.098     28.150 
10/17/07 12:51:40       4.7885     31.710     32.504     37.202     28.152 
10/17/07 12:51:57       5.0688     31.716     32.510     37.142     28.154 
10/17/07 12:52:14       5.3657     31.720     32.515     37.142     28.154 
10/17/07 12:52:33       5.6802     31.726     32.524     37.090     28.154 
10/17/07 12:52:53       6.0133     31.729     32.527     37.113     28.154 
10/17/07 12:53:14       6.3662     31.731     32.532     37.096     28.156 
10/17/07 12:53:37       6.7400     31.735     32.538     37.234     28.154 
10/17/07 12:54:01       7.1360     31.737     32.541     37.159     28.156 
10/17/07 12:54:26       7.5553     31.741     32.549     37.228     28.154 
10/17/07 12:54:52       7.9997     31.747     32.555     37.248     28.154 
10/17/07 12:55:21       8.4703     31.748     32.558     37.182     28.152 
10/17/07 12:55:51       8.9688     31.753     32.564     37.124     28.152 
10/17/07 12:56:22       9.4968     31.754     32.567     37.205     28.154 
10/17/07 12:56:56      10.0562     31.760     32.575     37.119     28.152 
10/17/07 12:57:31      10.6487     31.765     32.578     37.188     28.152 
10/17/07 12:58:09      11.2762     31.768     32.584     37.225     28.154 
10/17/07 12:58:49      11.9410     31.772     32.592     37.285     28.152 
10/17/07 12:59:31      12.6452     31.777     32.598     37.167     28.154 
10/17/07 13:00:16      13.3910     31.781     32.598     37.222     28.152 
10/17/07 13:01:03      14.1810     31.786     32.604     37.254     28.150 
10/17/07 13:01:54      15.0178     31.789     32.612     37.300     28.148 
10/17/07 13:02:47      15.9043     31.805     32.658     38.608     28.150 
10/17/07 13:03:43      16.8433     31.812     32.669     38.663     28.148 
10/17/07 13:04:43      17.8380     31.818     32.675     38.695     28.146 
10/17/07 13:05:46      18.8917     31.821     32.684     38.574     28.146 
10/17/07 13:06:53      20.0077     31.841     32.729     40.060     28.144 
10/17/07 13:08:04      21.1898     31.851     32.746     40.190     28.142 
10/17/07 13:09:19      22.4420     31.860     32.758     40.385     28.144 
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10/17/07 13:10:39      23.7685     31.854     32.732     40.362     28.144 
10/17/07 13:12:03      25.1735     31.864     32.746     40.454     28.142 
10/17/07 13:13:32      26.6618     31.872     32.755     40.420     28.144 
10/17/07 13:15:07      28.2383     31.891     32.812     42.590     28.144 
10/17/07 13:16:47      29.9082     31.904     32.835     42.958     28.144 
10/17/07 13:18:33      31.6770     31.915     32.852     43.147     28.144 
10/17/07 13:20:26      33.5507     31.919     32.863     43.337     28.138 
10/17/07 13:22:25      35.5353     31.927     32.875     43.495     28.133 
10/17/07 13:24:31      37.6377     31.950     32.937     43.716     28.131 
10/17/07 13:26:44      39.8645     31.964     32.934     43.828     28.131 
10/17/07 13:29:06      42.2233     31.970     32.943     43.831     28.127 
10/17/07 13:31:36      44.7220     31.983     32.957     43.926     28.127 
10/17/07 13:34:15      47.3687     31.998     32.972     43.975     28.127 
10/17/07 13:37:03      50.1722     32.007     32.980     44.047     28.125 
10/17/07 13:40:01      53.1418     32.020     32.994     44.090     28.129 
10/17/07 13:43:10      56.2875     32.035     33.017     44.099     28.129 
10/17/07 13:46:30      59.6195     32.046     33.026     44.254     28.127 
10/17/07 13:50:01      63.1490     32.053     33.037     44.208     28.123 
10/17/07 13:53:46      66.8875     32.060     33.043     44.326     28.119 
10/17/07 13:57:43      70.8477     32.077     33.063     44.337     28.119 
10/17/07 14:01:55      75.0425     32.089     33.071     44.371     28.113 
10/17/07 14:06:22      79.4858     32.101     33.088     44.440     28.111 
10/17/07 14:11:04      84.1925     32.114     33.106     44.475     28.113 
10/17/07 14:16:03      89.1780     32.126     33.114     44.512     28.111 
10/17/07 14:21:20      94.4588     32.142     33.131     44.541     28.115 
10/17/07 14:26:56     100.0527     32.153     33.145     44.604     28.111 
10/17/07 14:32:51     105.9780     32.164     33.160     44.518     28.109 
10/17/07 14:39:08     112.2543     32.178     33.171     44.530     28.107 
10/17/07 14:45:47     118.9027     32.193     33.185     44.524     28.097 
10/17/07 14:52:49     125.9448     32.210     33.203     44.573     28.101 
10/17/07 15:00:17     133.4043     32.218     33.208     44.504     28.101 
10/17/07 15:08:11     141.3058     32.227     33.222     44.550     28.099 
10/17/07 15:16:33     149.6755     32.230     33.191     41.733     28.089 
10/17/07 15:25:25     158.5412     32.233     33.185     41.733     28.085 
10/17/07 15:34:48     167.9322     32.242     33.191     41.782     28.097 
10/17/07 15:44:45     177.8797     32.246     33.197     41.788     28.064 
10/17/07 15:54:45     187.8797     32.259     33.208     41.800     28.119 
10/17/07 16:04:45     197.8797     32.270     33.214     41.834     28.070 
10/17/07 16:14:45     207.8797     32.273     33.220     41.604     28.056 
10/17/07 16:24:45     217.8797     32.262     33.180     40.310     28.058 
10/17/07 16:34:45     227.8797     32.264     33.180     40.287     28.054 
10/17/07 16:44:45     237.8797     32.268     33.183     40.267     28.070 
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10/17/07 16:54:45     247.8797     32.274     33.188     40.290     28.066 
10/17/07 17:04:45     257.8797     32.280     33.208     40.906     28.044 
10/17/07 17:14:45     267.8797     32.301     33.208     41.038     28.034 
10/17/07 17:24:45     277.8797     32.304     33.203     40.943     28.034 
10/17/07 17:34:45     287.8797     32.313     33.214     41.018     28.019 
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In-Situ Inc. Hermit 3000 
 
Report generated: 11/04/07 00:36:50 
Report from file: C:\Documents and Settings\W. Robert Talbot\Desktop\Data\SN45888 2007-10-17 174138 2hr recovery    
.bin 
DataMgr Version 3.71 
 
Serial number: 00045888 
Firmware Version 7.10 
Unit name:  HERMIT 3000 
 
Test name:  2hr recovery     
 
Test defined on: 10/17/07 11:11:23 
Test started on: 10/17/07 17:41:38 
Test stopped on: 10/18/07 07:24:13 
Test extracted on: 01/01/01 00:01:31 
 
Data gathered using Logarithmic testing 
   Maximum time between data points:      10.0000 Minutes. 
   Number of data samples: 192 
 
 
TOTAL DATA SAMPLES 192 
 
Channel number [1] 
  Measurement type: Pressure 
  Channel name: ETwo 
  Linearity:  0.0015000 
  Scale:  10.3030000 
  Offset:  -0.0134000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.640 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   12.135 Feet H2O 
 
Channel number [2] 
  Measurement type: Pressure 
  Channel name: EOne 
  Linearity:  0.1253000 
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  Scale:  19.6723000 
  Offset:  -0.1940000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   32.270 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   18.711 Feet H2O 
 
Channel number [3] 
  Measurement type: Pressure 
  Channel name: Test 
  Linearity:  0.0696000 
  Scale:  19.9209000 
  Offset:  -0.0091000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.660 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:    6.093 Feet H2O 
 
Channel number [0] 
  Measurement type: Barometric Pressure 
  Channel name: Barometric 
  Linearity:  0.0000000 
  Scale:   0.0000000 
  Offset:   0.0000000 
  Warmup:  50 
 
 
       Chan[1] Chan[2]    Chan[3]     Chan[0] 
  Date   Time    ET (min)  Feet H2O Feet H2O    Feet H2O     Inches Hg 
-------- -------- ------------ ---------- ----------- ----------- --------------- 
10/17/07 17:41:38       0.0000     31.640     32.270     31.660     28.062 
10/17/07 17:41:39       0.0218     31.639     32.273     31.605     28.060 
10/17/07 17:41:40       0.0437     31.639     32.273     31.692     28.060 
10/17/07 17:41:41       0.0655     31.639     32.273     31.706     28.060 
10/17/07 17:41:43       0.0873     31.639     32.273     31.706     28.060 
10/17/07 17:41:44       0.1092     31.639     32.273     31.637     28.058 
10/17/07 17:41:45       0.1310     31.639     32.273     31.608     28.060 
10/17/07 17:41:47       0.1528     31.639     32.273     31.726     28.060 
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10/17/07 17:41:48       0.1747     31.639     32.270     31.703     28.060 
10/17/07 17:41:49       0.1965     31.639     32.273     31.643     28.058 
10/17/07 17:41:51       0.2183     31.639     32.273     31.631     28.058 
10/17/07 17:41:52       0.2402     31.639     32.273     31.703     28.058 
10/17/07 17:41:53       0.2620     31.639     32.273     31.720     28.058 
10/17/07 17:41:55       0.2838     31.639     32.270     31.666     28.058 
10/17/07 17:41:56       0.3057     31.639     32.273     31.623     28.058 
10/17/07 17:41:57       0.3275     31.639     32.273     31.700     28.058 
10/17/07 17:41:58       0.3493     31.640     32.273     31.700     28.056 
10/17/07 17:42:00       0.3712     31.640     32.273     31.637     28.058 
10/17/07 17:42:01       0.3930     31.639     32.273     31.634     28.058 
10/17/07 17:42:02       0.4148     31.639     32.273     31.674     28.060 
10/17/07 17:42:04       0.4367     31.640     32.273     31.683     28.058 
10/17/07 17:42:05       0.4588     31.639     32.273     31.637     28.058 
10/17/07 17:42:06       0.4823     31.640     32.273     31.700     28.056 
10/17/07 17:42:08       0.5072     31.639     32.273     31.634     28.056 
10/17/07 17:42:10       0.5335     31.639     32.273     31.628     28.056 
10/17/07 17:42:11       0.5615     31.639     32.273     31.646     28.054 
10/17/07 17:42:13       0.5912     31.640     32.273     31.674     28.056 
10/17/07 17:42:15       0.6225     31.639     32.273     31.669     28.058 
10/17/07 17:42:17       0.6557     31.640     32.273     31.686     28.058 
10/17/07 17:42:19       0.6908     31.640     32.273     31.683     28.056 
10/17/07 17:42:21       0.7282     31.640     32.276     31.680     28.056 
10/17/07 17:42:24       0.7677     31.640     32.273     31.732     28.054 
10/17/07 17:42:26       0.8095     31.640     32.276     31.651     28.058 
10/17/07 17:42:29       0.8538     31.640     32.276     31.643     28.056 
10/17/07 17:42:32       0.9008     31.640     32.276     31.671     28.056 
10/17/07 17:42:35       0.9507     31.640     32.276     31.626     28.058 
10/17/07 17:42:38       1.0033     31.640     32.279     31.649     28.056 
10/17/07 17:42:41       1.0592     31.640     32.276     31.715     28.056 
10/17/07 17:42:45       1.1183     31.640     32.276     31.657     28.054 
10/17/07 17:42:48       1.1810     31.640     32.276     31.669     28.056 
10/17/07 17:42:52       1.2473     31.640     32.276     31.723     28.054 
10/17/07 17:42:57       1.3177     31.640     32.276     31.643     28.054 
10/17/07 17:43:01       1.3922     31.641     32.276     31.709     28.054 
10/17/07 17:43:06       1.4712     31.640     32.276     31.686     28.054 
10/17/07 17:43:11       1.5548     31.640     32.276     31.666     28.052 
10/17/07 17:43:16       1.6433     31.640     32.276     31.709     28.052 
10/17/07 17:43:22       1.7372     31.640     32.276     31.674     28.052 
10/17/07 17:43:28       1.8365     31.640     32.276     31.706     28.050 
10/17/07 17:43:34       1.9418     31.640     32.276     31.674     28.052 
10/17/07 17:43:41       2.0533     31.641     32.276     31.697     28.052 
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10/17/07 17:43:48       2.1715     31.640     32.276     31.637     28.052 
10/17/07 17:43:55       2.2967     31.640     32.273     31.706     28.050 
10/17/07 17:44:03       2.4292     31.640     32.273     31.689     28.050 
10/17/07 17:44:12       2.5697     31.640     32.273     31.669     28.050 
10/17/07 17:44:21       2.7185     31.641     32.273     31.643     28.052 
10/17/07 17:44:30       2.8760     31.641     32.276     31.660     28.048 
10/17/07 17:44:40       3.0428     31.641     32.273     31.651     28.048 
10/17/07 17:44:51       3.2197     31.640     32.273     31.643     28.050 
10/17/07 17:45:02       3.4070     31.636     32.270     31.657     27.999 
10/17/07 17:45:14       3.6053     31.636     32.270     31.640     28.005 
10/17/07 17:45:26       3.8155     31.636     32.270     31.717     28.007 
10/17/07 17:45:40       4.0382     31.636     32.267     31.683     28.009 
10/17/07 17:45:54       4.2740     31.636     32.270     31.732     28.013 
10/17/07 17:46:09       4.5238     31.636     32.270     31.807     28.013 
10/17/07 17:46:25       4.7885     31.637     32.267     31.680     28.013 
10/17/07 17:46:42       5.0688     31.634     32.267     31.643     28.013 
10/17/07 17:46:59       5.3657     31.636     32.267     31.666     28.017 
10/17/07 17:47:18       5.6802     31.618     32.099     20.915     28.015 
10/17/07 17:47:38       6.0133     31.563     32.013     22.625     28.017 
10/17/07 17:47:59       6.3662     31.557     32.011     22.645     28.019 
10/17/07 17:48:22       6.7400     31.549     31.996     22.630     28.017 
10/17/07 17:48:46       7.1360     31.543     31.985     22.616     28.019 
10/17/07 17:49:11       7.5553     31.537     31.979     22.605     28.019 
10/17/07 17:49:37       7.9997     31.532     31.968     22.593     28.021 
10/17/07 17:50:06       8.4703     31.526     31.962     22.579     28.021 
10/17/07 17:50:36       8.9688     31.521     31.953     22.570     28.021 
10/17/07 17:51:07       9.4968     31.515     31.945     22.558     28.024 
10/17/07 17:51:41      10.0562     31.509     31.936     22.547     28.028 
10/17/07 17:52:16      10.6487     31.505     31.931     22.538     28.026 
10/17/07 17:52:54      11.2762     31.499     31.922     22.527     28.026 
10/17/07 17:53:34      11.9410     31.494     31.916     22.515     28.028 
10/17/07 17:54:16      12.6452     31.488     31.908     22.504     28.030 
10/17/07 17:55:01      13.3910     31.483     31.899     22.492     28.032 
10/17/07 17:55:48      14.1810     31.477     31.894     22.481     28.032 
10/17/07 17:56:39      15.0178     31.471     31.885     22.469     28.032 
10/17/07 17:57:32      15.9043     31.463     31.879     22.455     28.032 
10/17/07 17:58:28      16.8433     31.456     31.868     22.443     28.032 
10/17/07 17:59:28      17.8380     31.450     31.857     22.432     28.034 
10/17/07 18:00:31      18.8917     31.444     31.848     22.420     28.036 
10/17/07 18:01:38      20.0077     31.439     31.842     22.409     28.034 
10/17/07 18:02:49      21.1898     31.432     31.834     22.403     28.032 
10/17/07 18:04:04      22.4420     31.426     31.825     22.386     28.034 
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10/17/07 18:05:24      23.7685     31.420     31.817     22.374     28.038 
10/17/07 18:06:48      25.1735     31.413     31.811     22.366     28.036 
10/17/07 18:08:17      26.6618     31.407     31.800     22.354     28.038 
10/17/07 18:09:52      28.2383     31.399     31.794     22.343     28.038 
10/17/07 18:11:32      29.9082     31.393     31.785     22.328     28.036 
10/17/07 18:13:18      31.6770     31.387     31.780     22.320     28.036 
10/17/07 18:15:11      33.5507     31.382     31.771     22.311     28.036 
10/17/07 18:17:10      35.5353     31.376     31.762     22.297     28.036 
10/17/07 18:19:16      37.6377     31.368     31.754     22.288     28.036 
10/17/07 18:21:29      39.8645     31.361     31.745     22.279     28.036 
10/17/07 18:23:51      42.2233     31.355     31.737     22.268     28.038 
10/17/07 18:26:21      44.7220     31.346     31.725     22.256     28.040 
10/17/07 18:29:00      47.3687     31.335     31.714     22.242     28.042 
10/17/07 18:31:48      50.1722     31.325     31.705     22.225     28.042 
10/17/07 18:34:46      53.1418     31.318     31.697     22.213     28.042 
10/17/07 18:37:55      56.2875     31.310     31.688     22.204     28.044 
10/17/07 18:41:15      59.6195     31.303     31.680     22.193     28.042 
10/17/07 18:44:46      63.1490     31.294     31.671     22.181     28.042 
10/17/07 18:48:31      66.8875     31.285     31.665     22.176     28.042 
10/17/07 18:52:28      70.8477     31.279     31.660     22.167     28.042 
10/17/07 18:56:40      75.0425     31.273     31.651     22.158     28.040 
10/17/07 19:01:07      79.4858     31.266     31.643     22.147     28.034 
10/17/07 19:05:49      84.1925     31.260     31.634     22.138     28.034 
10/17/07 19:10:48      89.1780     31.254     31.628     22.130     28.030 
10/17/07 19:16:05      94.4588     31.246     31.620     22.124     28.030 
10/17/07 19:21:41     100.0527     31.234     31.606     22.107     28.028 
10/17/07 19:27:36     105.9780     31.223     31.594     22.086     28.028 
10/17/07 19:33:53     112.2543     31.214     31.588     22.075     28.019 
10/17/07 19:40:32     118.9027     31.202     31.577     22.058     28.017 
10/17/07 19:47:34     125.9448     31.178     31.560     22.023     28.013 
10/17/07 19:55:02     133.4043     31.169     31.549     21.997     28.015 
10/17/07 20:02:56     141.3058     31.208     31.537     21.965     28.013 
10/17/07 20:11:18     149.6755     31.199     31.537     21.951     28.005 
10/17/07 20:20:10     158.5412     31.191     31.537     21.928     27.999 
10/17/07 20:29:33     167.9322     31.182     31.537     21.937     27.993 
10/17/07 20:39:30     177.8797     31.177     31.531     21.937     27.987 
10/17/07 20:49:30     187.8797     31.171     31.534     21.948     27.987 
10/17/07 20:59:30     197.8797     31.166     31.540     21.968     27.983 
10/17/07 21:09:30     207.8797     31.159     31.529     21.965     27.981 
10/17/07 21:19:30     217.8797     31.151     31.531     21.974     27.977 
10/17/07 21:29:30     227.8797     31.145     31.529     21.986     27.971 
10/17/07 21:39:30     237.8797     31.142     31.523     21.988     27.969 
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10/17/07 21:49:30     247.8797     31.139     31.511     21.977     27.966 
10/17/07 21:59:30     257.8797     31.133     31.511     21.977     27.964 
10/17/07 22:09:30     267.8797     31.127     31.509     21.977     27.958 
10/17/07 22:19:30     277.8797     31.126     31.503     21.971     27.960 
10/17/07 22:29:30     287.8797     31.120     31.509     21.986     27.956 
10/17/07 22:39:30     297.8797     31.116     31.503     21.988     27.954 
10/17/07 22:49:30     307.8797     31.114     31.494     21.988     27.952 
10/17/07 22:59:30     317.8797     31.111     31.494     21.986     27.952 
10/17/07 23:09:30     327.8797     31.107     31.489     21.988     27.952 
10/17/07 23:19:30     337.8797     31.104     31.486     21.986     27.950 
10/17/07 23:29:30     347.8797     31.099     31.483     21.988     27.946 
10/17/07 23:39:30     357.8797     31.098     31.480     21.988     27.944 
10/17/07 23:49:30     367.8797     31.096     31.477     21.988     27.940 
10/17/07 23:59:30     377.8797     31.092     31.474     21.986     27.938 
10/18/07 00:09:30     387.8797     31.090     31.472     21.988     27.938 
10/18/07 00:19:30     397.8797     31.087     31.472     21.986     27.932 
10/18/07 00:29:30     407.8797     31.084     31.469     21.986     27.926 
10/18/07 00:39:30     417.8797     31.081     31.463     21.980     27.926 
10/18/07 00:49:30     427.8797     31.081     31.460     21.977     27.924 
10/18/07 00:59:30     437.8797     31.075     31.460     21.977     27.920 
10/18/07 01:09:30     447.8797     31.075     31.457     21.977     27.916 
10/18/07 01:19:30     457.8797     31.073     31.457     21.977     27.912 
10/18/07 01:29:30     467.8797     31.071     31.452     21.971     27.909 
10/18/07 01:39:30     477.8797     31.068     31.449     21.971     27.907 
10/18/07 01:49:30     487.8797     31.064     31.449     21.974     27.899 
10/18/07 01:59:30     497.8797     31.064     31.452     21.980     27.895 
10/18/07 02:09:30     507.8797     31.062     31.446     21.980     27.891 
10/18/07 02:19:30     517.8797     31.061     31.446     21.980     27.887 
10/18/07 02:29:30     527.8797     31.059     31.443     21.977     27.885 
10/18/07 02:39:30     537.8797     31.058     31.440     21.974     27.885 
10/18/07 02:49:30     547.8797     31.056     31.437     21.974     27.881 
10/18/07 02:59:30     557.8797     31.053     31.437     21.977     27.879 
10/18/07 03:09:30     567.8797     31.053     31.434     21.974     27.875 
10/18/07 03:19:30     577.8797     31.052     31.429     21.971     27.875 
10/18/07 03:29:30     587.8797     31.050     31.432     21.971     27.871 
10/18/07 03:39:30     597.8797     31.049     31.429     21.971     27.871 
10/18/07 03:49:30     607.8797     31.049     31.426     21.971     27.869 
10/18/07 03:59:30     617.8797     31.047     31.426     21.971     27.869 
10/18/07 04:09:30     627.8797     31.046     31.423     21.971     27.867 
10/18/07 04:19:30     637.8797     31.046     31.420     21.971     27.867 
10/18/07 04:29:30     647.8797     31.043     31.420     21.968     27.867 
10/18/07 04:39:30     657.8797     31.041     31.420     21.968     27.865 
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10/18/07 04:49:30     667.8797     31.041     31.417     21.965     27.865 
10/18/07 04:59:30     677.8797     31.041     31.415     21.963     27.865 
10/18/07 05:09:30     687.8797     31.038     31.412     21.957     27.863 
10/18/07 05:19:30     697.8797     31.038     31.412     21.954     27.863 
10/18/07 05:29:30     707.8797     31.038     31.409     21.951     27.863 
10/18/07 05:39:30     717.8797     31.035     31.406     21.948     27.863 
10/18/07 05:49:30     727.8797     31.037     31.403     21.945     27.863 
10/18/07 05:59:30     737.8797     31.037     31.403     21.942     27.863 
10/18/07 06:09:30     747.8797     31.035     31.403     21.940     27.865 
10/18/07 06:19:30     757.8797     31.035     31.397     21.934     27.865 
10/18/07 06:29:30     767.8797     31.032     31.397     21.931     27.867 
10/18/07 06:39:30     777.8797     31.031     31.397     21.928     27.867 
10/18/07 06:49:30     787.8797     31.031     31.397     21.925     27.867 
10/18/07 06:59:30     797.8797     31.031     31.395     21.922     27.867 
10/18/07 07:09:30     807.8797     31.031     31.395     21.917     27.867 
10/18/07 07:19:30     817.8797     31.029     31.392     21.917     27.869 
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In-Situ Inc. Hermit 3000 
 
Report generated: 11/04/07 00:37:21 
Report from file: C:\Documents and Settings\W. Robert Talbot\Desktop\Data\SN45888 2007-10-18 091346 24hr            
.bin 
DataMgr Version 3.71 
 
Serial number: 00045888 
Firmware Version 7.10 
Unit name:  HERMIT 3000 
 
Test name:  24hr             
 
Test defined on: 10/18/07 08:12:59 
Test started on: 10/18/07 09:13:47 
Test stopped on: 10/19/07 10:02:25 
Test extracted on: 01/01/01 00:02:03 
 
Data gathered using Logarithmic testing 
   Maximum time between data points:      10.0000 Minutes. 
   Number of data samples: 252 
 
 
TOTAL DATA SAMPLES 252 
 
Channel number [1] 
  Measurement type: Pressure 
  Channel name: ETwo 
  Linearity:  0.0015000 
  Scale:  10.3030000 
  Offset:  -0.0134000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.640 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   12.746 Feet H2O 
 
Channel number [2] 
  Measurement type: Pressure 
  Channel name: EOne 
  Linearity:  0.1253000 
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  Scale:  19.6723000 
  Offset:  -0.1940000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   32.270 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   19.540 Feet H2O 
 
Channel number [3] 
  Measurement type: Pressure 
  Channel name: Test 
  Linearity:  0.0696000 
  Scale:  19.9209000 
  Offset:  -0.0091000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.660 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   15.969 Feet H2O 
 
Channel number [4] 
  Measurement type: Pressure 
  Channel name: N2 30 
  Linearity:  0.0135000 
  Scale:  19.9752000 
  Offset:  -0.0205000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   30.600 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:    9.155 Feet H2O 
 
Channel number [5] 
  Measurement type: Pressure 
  Channel name: N1 
  Linearity: -0.0107000 
  Scale:  10.0122000 
  Offset:  -0.1073000 
  Warmup:  50 
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  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   32.200 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   19.711 Feet H2O 
 
Channel number [0] 
  Measurement type: Barometric Pressure 
  Channel name: Barometric 
  Linearity:  0.0000000 
  Scale:   0.0000000 
  Offset:   0.0000000 
  Warmup:  50 
 
 
               Chan[1]    Chan[2]    Chan[3]    Chan[4]    Chan[5]   Chan[0]  
  Date Time        ET (min)    Feet H2O    Feet H2O    Feet H2O    Feet H2O    Feet H2O  Inches Hg 
-------- -------- ------------ ------------  ----------  ----------  ----------  ---------- --------- 
10/18/07 09:13:47       0.0000     31.640     32.270     31.660     30.600     32.200     27.930 
10/18/07 09:13:48       0.0323     31.640     32.273     31.660     30.600     32.197     27.926 
10/18/07 09:13:50       0.0647     31.639     32.273     31.660     30.600     32.199     27.928 
10/18/07 09:13:52       0.0970     31.640     32.273     31.660     30.597     32.197     27.926 
10/18/07 09:13:54       0.1293     31.640     32.273     31.660     30.597     32.199     27.924 
10/18/07 09:13:56       0.1617     31.640     32.273     31.660     30.597     32.197     27.924 
10/18/07 09:13:58       0.1940     31.639     32.273     31.660     30.597     32.199     27.924 
10/18/07 09:14:00       0.2263     31.639     32.273     31.663     30.597     32.197     27.922 
10/18/07 09:14:02       0.2587     31.639     32.273     31.660     30.597     32.197     27.922 
10/18/07 09:14:04       0.2910     31.639     32.273     31.660     30.600     32.196     27.922 
10/18/07 09:14:06       0.3233     31.637     32.273     31.660     30.597     32.197     27.924 
10/18/07 09:14:08       0.3557     31.637     32.273     31.660     30.600     32.197     27.924 
10/18/07 09:14:10       0.3880     31.639     32.273     31.660     30.600     32.197     27.926 
10/18/07 09:14:12       0.4203     31.637     32.273     31.663     30.600     32.199     27.922 
10/18/07 09:14:14       0.4527     31.639     32.273     31.663     30.600     32.197     27.920 
10/18/07 09:14:16       0.4850     31.639     32.273     31.663     30.597     32.197     27.922 
10/18/07 09:14:18       0.5173     31.637     32.273     31.660     30.600     32.197     27.920 
10/18/07 09:14:19       0.5497     31.639     32.273     31.660     30.597     32.197     27.920 
10/18/07 09:14:21       0.5820     31.640     32.273     31.663     30.597     32.196     27.920 
10/18/07 09:14:23       0.6143     31.639     32.273     31.660     30.597     32.196     27.918 
10/18/07 09:14:25       0.6467     31.639     32.273     31.660     30.597     32.196     27.918 
10/18/07 09:14:27       0.6798     31.639     32.273     31.660     30.600     32.196     27.920 
10/18/07 09:14:29       0.7150     31.639     32.270     31.660     30.600     32.197     27.918 
10/18/07 09:14:32       0.7523     31.640     32.273     31.660     30.600     32.197     27.916 
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10/18/07 09:14:34       0.7918     31.639     32.273     31.660     30.597     32.196     27.916 
10/18/07 09:14:37       0.8337     31.637     32.273     31.660     30.600     32.196     27.916 
10/18/07 09:14:39       0.8780     31.636     32.273     31.660     30.600     32.196     27.914 
10/18/07 09:14:42       0.9250     31.637     32.270     31.660     30.600     32.193     27.916 
10/18/07 09:14:45       0.9748     31.639     32.276     31.663     30.600     32.196     27.918 
10/18/07 09:14:48       1.0275     31.639     32.273     31.660     30.600     32.197     27.914 
10/18/07 09:14:52       1.0833     31.637     32.276     31.663     30.600     32.197     27.914 
10/18/07 09:14:55       1.1425     31.637     32.276     31.663     30.600     32.197     27.914 
10/18/07 09:14:59       1.2052     31.639     32.273     31.660     30.600     32.197     27.916 
10/18/07 09:15:03       1.2715     31.637     32.273     31.660     30.600     32.197     27.916 
10/18/07 09:15:07       1.3418     31.639     32.276     31.660     30.603     32.197     27.914 
10/18/07 09:15:11       1.4163     31.639     32.276     31.660     30.600     32.199     27.912 
10/18/07 09:15:16       1.4953     31.640     32.276     31.660     30.600     32.200     27.912 
10/18/07 09:15:21       1.5790     31.639     32.276     31.663     30.603     32.197     27.914 
10/18/07 09:15:27       1.6675     31.639     32.276     31.660     30.600     32.196     27.912 
10/18/07 09:15:32       1.7613     31.640     32.276     31.660     30.603     32.196     27.912 
10/18/07 09:15:38       1.8607     31.656     32.430     39.771     30.992     32.380     27.909 
10/18/07 09:15:44       1.9660     31.691     32.515     39.768     31.078     32.410     27.909 
10/18/07 09:15:51       2.0775     31.701     32.515     39.466     31.070     32.420     27.909 
10/18/07 09:15:58       2.1957     31.710     32.532     39.532     31.087     32.436     27.907 
10/18/07 09:16:06       2.3208     31.717     32.544     39.702     31.107     32.446     27.907 
10/18/07 09:16:14       2.4533     31.725     32.552     39.687     31.118     32.455     27.907 
10/18/07 09:16:22       2.5938     31.729     32.561     39.868     31.127     32.468     27.907 
10/18/07 09:16:31       2.7427     31.732     32.569     39.820     31.136     32.474     27.905 
10/18/07 09:16:41       2.9002     31.735     32.572     39.883     31.144     32.478     27.905 
10/18/07 09:16:51       3.0670     31.738     32.578     39.883     31.150     32.484     27.905 
10/18/07 09:17:01       3.2438     31.743     32.584     39.966     31.156     32.488     27.903 
10/18/07 09:17:12       3.4312     31.744     32.587     39.937     31.165     32.492     27.881 
10/18/07 09:17:24       3.6295     31.745     32.589     39.880     31.167     32.497     27.893 
10/18/07 09:17:37       3.8397     31.747     32.592     39.943     31.173     32.501     27.895 
10/18/07 09:17:50       4.0623     31.748     32.595     39.949     31.179     32.507     27.901 
10/18/07 09:18:04       4.2982     31.751     32.598     39.894     31.182     32.510     27.903 
10/18/07 09:18:19       4.5480     31.754     32.604     39.986     31.191     32.516     27.903 
10/18/07 09:18:35       4.8127     31.757     32.607     39.914     31.193     32.521     27.903 
10/18/07 09:18:52       5.0930     31.760     32.609     39.952     31.202     32.526     27.903 
10/18/07 09:19:10       5.3898     31.763     32.615     40.018     31.205     32.531     27.905 
10/18/07 09:19:29       5.7043     31.766     32.618     39.906     31.211     32.533     27.905 
10/18/07 09:19:49       6.0375     31.769     32.624     40.001     31.216     32.540     27.905 
10/18/07 09:20:10       6.3903     31.772     32.629     39.975     31.222     32.544     27.907 
10/18/07 09:20:32       6.7642     31.775     32.632     39.998     31.228     32.547     27.905 
10/18/07 09:20:56       7.1602     31.778     32.635     39.932     31.234     32.553     27.907 
10/18/07 09:21:21       7.5795     31.778     32.641     39.940     31.239     32.559     27.905 
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10/18/07 09:21:48       8.0238     31.783     32.644     40.038     31.245     32.562     27.907 
10/18/07 09:22:16       8.4945     31.789     32.649     40.001     31.251     32.567     27.907 
10/18/07 09:22:46       8.9930     31.789     32.652     39.969     31.257     32.573     27.907 
10/18/07 09:23:18       9.5210     31.793     32.658     40.098     31.263     32.579     27.909 
10/18/07 09:23:51      10.0803     31.799     32.664     40.078     31.271     32.585     27.909 
10/18/07 09:24:27      10.6728     31.802     32.666     40.018     31.280     32.590     27.909 
10/18/07 09:25:05      11.3003     31.806     32.669     40.004     31.286     32.596     27.909 
10/18/07 09:25:44      11.9652     31.811     32.675     40.087     31.294     32.603     27.909 
10/18/07 09:26:27      12.6693     31.814     32.684     40.084     31.300     32.608     27.909 
10/18/07 09:27:11      13.4152     31.818     32.689     40.116     31.306     32.614     27.912 
10/18/07 09:27:59      14.2052     31.821     32.692     40.044     31.311     32.618     27.912 
10/18/07 09:28:49      15.0420     31.824     32.698     40.162     31.320     32.624     27.912 
10/18/07 09:29:42      15.9285     31.830     32.701     40.098     31.329     32.631     27.912 
10/18/07 09:30:39      16.8675     31.835     32.703     40.133     31.337     32.638     27.914 
10/18/07 09:31:38      17.8622     31.839     32.709     40.124     31.346     32.645     27.912 
10/18/07 09:32:41      18.9158     31.841     32.715     40.136     31.355     32.651     27.912 
10/18/07 09:33:48      20.0318     31.846     32.721     40.121     31.360     32.660     27.916 
10/18/07 09:34:59      21.2140     31.849     32.726     40.142     31.369     32.664     27.914 
10/18/07 09:36:14      22.4662     31.854     32.729     40.121     31.375     32.675     27.916 
10/18/07 09:37:34      23.7927     31.858     32.738     40.150     31.383     32.683     27.916 
10/18/07 09:38:58      25.1977     31.872     32.749     40.179     31.395     32.691     27.926 
10/18/07 09:40:28      26.6860     31.872     32.752     40.196     31.401     32.699     27.912 
10/18/07 09:42:02      28.2625     31.875     32.758     40.245     31.409     32.703     27.914 
10/18/07 09:43:42      29.9323     31.882     32.766     40.219     31.418     32.713     27.916 
10/18/07 09:45:29      31.7012     31.890     32.775     40.282     31.430     32.723     27.916 
10/18/07 09:47:21      33.5748     31.894     32.783     40.314     31.441     32.732     27.916 
10/18/07 09:49:20      35.5595     31.901     32.789     40.251     31.450     32.739     27.916 
10/18/07 09:51:26      37.6618     31.909     32.798     40.259     31.461     32.748     27.918 
10/18/07 09:53:40      39.8887     31.919     32.803     40.271     31.467     32.755     27.918 
10/18/07 09:56:01      42.2475     31.927     32.812     40.372     31.476     32.766     27.918 
10/18/07 09:58:31      44.7462     31.933     32.823     40.351     31.487     32.775     27.920 
10/18/07 10:01:10      47.3928     31.937     32.826     40.386     31.499     32.784     27.920 
10/18/07 10:03:58      50.1963     31.943     32.835     40.340     31.510     32.791     27.920 
10/18/07 10:06:56      53.1660     31.950     32.840     40.369     31.519     32.804     27.920 
10/18/07 10:10:05      56.3117     31.956     32.849     40.369     31.533     32.814     27.922 
10/18/07 10:13:25      59.6437     31.959     32.852     40.441     31.542     32.824     27.922 
10/18/07 10:16:57      63.1732     31.967     32.860     40.363     31.551     32.833     27.924 
10/18/07 10:20:41      66.9117     31.977     32.866     40.395     31.562     32.844     27.924 
10/18/07 10:24:39      70.8718     31.991     32.880     40.395     31.574     32.856     27.938 
10/18/07 10:28:51      75.0667     31.994     32.883     40.469     31.588     32.867     27.924 
10/18/07 10:33:17      79.5100     31.998     32.889     40.443     31.597     32.876     27.926 
10/18/07 10:38:00      84.2167     32.011     32.900     40.515     31.605     32.883     27.926 
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10/18/07 10:42:59      89.2022     32.016     32.909     40.556     31.620     32.894     27.928 
10/18/07 10:48:15      94.4830     32.019     32.914     40.507     31.631     32.906     27.936 
10/18/07 10:53:51     100.0768     32.020     32.917     40.512     31.646     32.919     27.936 
10/18/07 10:59:47     106.0022     32.025     32.923     40.561     31.654     32.930     27.938 
10/18/07 11:06:03     112.2785     32.184     32.923     40.558     31.669     32.942     27.940 
10/18/07 11:12:42     118.9268     32.193     32.932     40.475     31.683     32.954     27.944 
10/18/07 11:19:45     125.9690     32.200     32.940     40.533     31.692     32.964     27.948 
10/18/07 11:27:12     133.4285     32.212     32.949     40.561     31.703     32.977     27.948 
10/18/07 11:35:06     141.3300     32.210     32.957     40.602     31.715     32.990     27.954 
10/18/07 11:43:28     149.6997     32.196     32.963     40.550     31.726     33.003     27.956 
10/18/07 11:52:20     158.5653     32.205     32.977     40.521     31.738     33.013     27.960 
10/18/07 12:01:44     167.9563     32.218     32.991     40.541     31.752     33.024     27.960 
10/18/07 12:11:41     177.9038     32.215     33.000     40.610     31.764     33.036     27.969 
10/18/07 12:21:41     187.9038     32.219     33.051     40.570     31.775     33.047     27.969 
10/18/07 12:31:41     197.9038     32.222     33.080     40.633     31.784     33.057     27.973 
10/18/07 12:41:41     207.9038     32.219     33.077     40.682     31.795     33.069     27.977 
10/18/07 12:51:41     217.9038     32.219     33.074     40.625     31.807     33.079     27.979 
10/18/07 13:01:41     227.9038     32.225     33.083     40.676     31.816     33.090     27.983 
10/18/07 13:11:41     237.9038     32.221     33.080     40.648     31.824     33.099     27.987 
10/18/07 13:21:41     247.9038     32.216     33.083     40.711     31.833     33.105     27.989 
10/18/07 13:31:41     257.9038     32.221     33.083     40.650     31.839     33.113     27.993 
10/18/07 13:41:41     267.9038     32.359     33.083     40.714     31.847     33.121     27.999 
10/18/07 13:51:41     277.9038     32.355     33.083     40.679     31.850     33.128     28.003 
10/18/07 14:01:41     287.9038     32.355     33.083     40.639     31.862     33.137     28.007 
10/18/07 14:11:41     297.9038     32.352     33.083     40.671     31.865     33.142     28.009 
10/18/07 14:21:41     307.9038     32.350     33.086     40.599     31.870     33.148     28.013 
10/18/07 14:31:41     317.9038     32.352     33.091     40.688     31.879     33.157     28.024 
10/18/07 14:41:41     327.9038     32.350     33.094     40.650     31.888     33.161     28.026 
10/18/07 14:51:41     337.9038     32.343     33.100     40.691     31.890     33.164     28.030 
10/18/07 15:01:41     347.9038     32.332     33.125     40.650     31.896     33.170     28.036 
10/18/07 15:11:41     357.9038     32.325     33.194     40.685     31.902     33.175     28.042 
10/18/07 15:21:41     367.9038     32.323     33.185     40.719     31.908     33.181     28.050 
10/18/07 15:31:41     377.9038     32.310     33.171     40.722     31.914     33.186     28.058 
10/18/07 15:41:41     387.9038     32.303     33.160     40.627     31.916     33.190     28.064 
10/18/07 15:51:41     397.9038     32.300     33.168     40.671     31.922     33.194     28.070 
10/18/07 16:01:41     407.9038     32.297     33.177     40.705     31.928     33.203     28.074 
10/18/07 16:11:41     417.9038     32.291     33.200     40.648     31.934     33.209     28.081 
10/18/07 16:21:41     427.9038     32.280     33.202     40.665     31.937     33.210     28.087 
10/18/07 16:31:41     437.9038     32.274     33.205     40.659     31.945     33.214     28.097 
10/18/07 16:41:41     447.9038     32.267     33.202     40.711     31.945     33.216     28.103 
10/18/07 16:51:41     457.9038     32.258     33.211     40.648     31.954     33.223     28.109 
10/18/07 17:01:41     467.9038     32.251     33.222     40.671     31.954     33.229     28.117 
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10/18/07 17:11:41     477.9038     32.245     33.220     40.679     31.962     33.232     28.119 
10/18/07 17:21:41     487.9038     32.236     33.222     40.639     31.965     33.236     28.127 
10/18/07 17:31:41     497.9038     32.228     33.225     40.650     31.968     33.242     28.127 
10/18/07 17:41:41     507.9038     32.228     33.225     40.665     31.974     33.243     28.138 
10/18/07 17:51:41     517.9038     32.317     33.220     40.636     31.974     33.242     28.140 
10/18/07 18:01:41     527.9038     32.314     33.214     40.622     31.977     33.249     28.142 
10/18/07 18:11:41     537.9038     32.311     33.214     40.625     31.983     33.252     28.148 
10/18/07 18:21:41     547.9038     32.309     33.211     40.662     31.986     33.256     28.152 
10/18/07 18:31:41     557.9038     32.307     33.214     40.668     31.988     33.262     28.154 
10/18/07 18:41:41     567.9038     32.310     33.211     40.610     31.994     33.265     28.162 
10/18/07 18:51:41     577.9038     32.314     33.211     40.665     31.997     33.269     28.164 
10/18/07 19:01:41     587.9038     32.314     33.225     40.610     32.000     33.271     28.172 
10/18/07 19:11:41     597.9038     32.306     33.228     40.616     32.003     33.275     28.174 
10/18/07 19:21:41     607.9038     32.304     33.242     40.650     32.006     33.279     28.176 
10/18/07 19:31:41     617.9038     32.304     33.240     40.708     32.006     33.279     28.180 
10/18/07 19:41:41     627.9038     32.304     33.237     40.668     32.011     33.288     28.184 
10/18/07 19:51:41     637.9038     32.303     33.237     40.673     32.014     33.288     28.190 
10/18/07 20:01:41     647.9038     32.300     33.262     40.668     32.017     33.291     28.176 
10/18/07 20:11:41     657.9038     32.295     33.251     40.671     32.023     33.294     28.188 
10/18/07 20:21:41     667.9038     32.291     33.248     40.616     32.023     33.296     28.197 
10/18/07 20:31:41     677.9038     32.289     33.248     40.699     32.029     33.301     28.207 
10/18/07 20:41:41     687.9038     32.289     33.242     40.728     32.034     33.305     28.211 
10/18/07 20:51:41     697.9038     32.386     33.242     40.754     32.040     33.305     28.211 
10/18/07 21:01:41     707.9038     32.384     33.240     40.783     32.040     33.308     28.215 
10/18/07 21:11:41     717.9038     32.380     33.240     40.728     32.043     33.308     28.217 
10/18/07 21:21:41     727.9038     32.378     33.302     40.783     32.046     33.311     28.221 
10/18/07 21:31:41     737.9038     32.377     33.297     40.725     32.049     33.315     28.227 
10/18/07 21:41:41     747.9038     32.378     33.294     40.754     32.046     33.314     28.225 
10/18/07 21:51:41     757.9038     32.375     33.288     40.786     32.055     33.321     28.231 
10/18/07 22:01:41     767.9038     32.375     33.291     40.734     32.055     33.321     28.229 
10/18/07 22:11:41     777.9038     32.372     33.288     40.757     32.060     33.324     28.231 
10/18/07 22:21:41     787.9038     32.371     33.285     40.737     32.060     33.325     28.235 
10/18/07 22:31:41     797.9038     32.371     33.285     40.742     32.060     33.328     28.233 
10/18/07 22:41:41     807.9038     32.402     33.288     40.771     32.066     33.328     28.235 
10/18/07 22:51:41     817.9038     32.430     33.291     40.786     32.066     33.331     28.235 
10/18/07 23:01:41     827.9038     32.432     33.291     40.760     32.066     33.335     28.237 
10/18/07 23:11:41     837.9038     32.427     33.291     40.837     32.072     33.338     28.237 
10/18/07 23:21:41     847.9038     32.427     33.297     40.849     32.072     33.340     28.235 
10/18/07 23:31:41     857.9038     32.426     33.299     40.823     32.075     33.341     28.237 
10/18/07 23:41:41     867.9038     32.427     33.302     40.898     32.078     33.345     28.233 
10/18/07 23:51:41     877.9038     32.423     33.305     40.846     32.081     33.347     28.237 
10/19/07 00:01:41     887.9038     32.430     33.311     40.892     32.086     33.353     28.233 
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10/19/07 00:11:41     897.9038     32.423     33.311     40.898     32.086     33.351     28.229 
10/19/07 00:21:41     907.9038     32.417     33.308     40.926     32.089     33.353     28.235 
10/19/07 00:31:41     917.9038     32.412     33.308     40.915     32.089     33.354     28.237 
10/19/07 00:41:41     927.9038     32.408     33.308     40.932     32.092     33.357     28.243 
10/19/07 00:51:41     937.9038     32.401     33.305     40.912     32.095     33.360     28.247 
10/19/07 01:01:41     947.9038     32.396     33.308     40.886     32.095     33.361     28.250 
10/19/07 01:11:41     957.9038     32.389     33.305     40.918     32.098     33.366     28.250 
10/19/07 01:21:41     967.9038     32.380     33.302     40.886     32.098     33.367     28.252 
10/19/07 01:31:41     977.9038     32.371     33.302     40.883     32.101     33.369     28.258 
10/19/07 01:41:41     987.9038     32.359     33.356     40.961     32.101     33.371     28.258 
10/19/07 01:51:41     997.9038     32.344     33.342     40.892     32.109     33.371     28.262 
10/19/07 02:01:41    1007.9038     32.332     33.328     40.918     32.109     33.370     28.262 
10/19/07 02:11:41    1017.9038     32.435     33.317     40.901     32.109     33.376     28.264 
10/19/07 02:21:41    1027.9038     32.410     33.359     40.903     32.112     33.376     28.264 
10/19/07 02:31:41    1037.9038     32.380     33.334     40.855     32.118     33.379     28.268 
10/19/07 02:41:41    1047.9038     32.381     33.325     40.880     32.115     33.381     28.266 
10/19/07 02:51:41    1057.9038     32.362     33.365     40.880     32.118     33.381     28.272 
10/19/07 03:01:41    1067.9038     32.347     33.345     40.872     32.121     33.386     28.276 
10/19/07 03:11:41    1077.9038     32.335     33.336     40.837     32.121     33.386     28.274 
10/19/07 03:21:41    1087.9038     32.328     33.385     40.872     32.121     33.389     28.276 
10/19/07 03:31:41    1097.9038     32.320     33.368     40.837     32.130     33.393     28.282 
10/19/07 03:41:41    1107.9038     32.310     33.354     40.806     32.132     33.394     28.286 
10/19/07 03:51:41    1117.9038     32.303     33.345     40.826     32.135     33.393     28.290 
10/19/07 04:01:41    1127.9038     32.303     33.393     40.906     32.135     33.397     28.292 
10/19/07 04:11:41    1137.9038     32.396     33.371     40.809     32.138     33.399     28.296 
10/19/07 04:21:41    1147.9038     32.450     33.354     40.857     32.141     33.402     28.298 
10/19/07 04:31:41    1157.9038     32.472     33.408     40.852     32.141     33.400     28.300 
10/19/07 04:41:41    1167.9038     32.460     33.385     40.803     32.147     33.406     28.309 
10/19/07 04:51:41    1177.9038     32.439     33.365     40.837     32.147     33.409     28.311 
10/19/07 05:01:41    1187.9038     32.426     33.411     40.806     32.147     33.409     28.319 
10/19/07 05:11:41    1197.9038     32.411     33.388     40.837     32.147     33.413     28.323 
10/19/07 05:21:41    1207.9038     32.401     33.376     40.823     32.150     33.412     28.323 
10/19/07 05:31:41    1217.9038     32.396     33.428     40.834     32.153     33.416     28.327 
10/19/07 05:41:41    1227.9038     32.399     33.416     40.857     32.153     33.415     28.329 
10/19/07 05:51:41    1237.9038     32.390     33.396     40.794     32.158     33.418     28.335 
10/19/07 06:01:41    1247.9038     32.375     33.385     40.791     32.161     33.420     28.341 
10/19/07 06:11:41    1257.9038     32.366     33.428     40.860     32.158     33.416     28.341 
10/19/07 06:21:41    1267.9038     32.361     33.413     40.809     32.161     33.418     28.335 
10/19/07 06:31:41    1277.9038     32.350     33.399     40.863     32.164     33.422     28.341 
10/19/07 06:41:41    1287.9038     32.346     33.393     40.872     32.164     33.425     28.345 
10/19/07 06:51:41    1297.9038     32.334     33.436     40.852     32.167     33.428     28.347 
10/19/07 07:01:41    1307.9038     32.338     33.428     40.906     32.170     33.429     28.353 
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10/19/07 07:11:41    1317.9038     32.361     33.433     40.863     32.173     33.432     28.361 
10/19/07 07:21:41    1327.9038     32.381     33.433     40.895     32.176     33.433     28.364 
10/19/07 07:31:41    1337.9038     32.411     33.442     40.944     32.176     33.435     28.390 
10/19/07 07:41:41    1347.9038     32.451     33.462     41.044     32.176     33.436     28.380 
10/19/07 07:51:41    1357.9038     32.505     33.493     41.064     32.176     33.439     28.357 
10/19/07 08:01:41    1367.9038     32.554     33.516     41.136     32.178     33.443     28.331 
10/19/07 08:11:41    1377.9038     32.604     33.536     41.139     32.178     33.443     28.347 
10/19/07 08:21:41    1387.9038     32.650     33.547     41.274     32.178     33.443     28.345 
10/19/07 08:31:41    1397.9038     32.716     33.525     41.329     32.181     33.442     28.337 
10/19/07 08:41:41    1407.9038     32.735     33.562     41.401     32.184     33.445     28.343 
10/19/07 08:51:41    1417.9038     32.689     33.542     41.450     32.184     33.445     28.351 
10/19/07 09:01:41    1427.9038     32.665     33.527     41.545     32.187     33.448     28.355 
10/19/07 09:11:41    1437.9038     32.607     33.565     41.559     32.190     33.451     28.361 
10/19/07 09:21:41    1447.9038     32.609     33.559     41.648     32.187     33.451     28.368 
10/19/07 09:31:41    1457.9038     32.606     33.556     41.780     32.187     33.451     28.368 
10/19/07 09:41:41    1467.9038     32.607     33.556     41.852     32.187     33.448     28.364 
10/19/07 09:51:41    1477.9038     32.607     33.559     41.956     32.190     33.451     28.361 
10/19/07 10:01:41    1487.9038     32.607     33.565     42.059     32.190     33.452     28.368 
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In-Situ Inc. Hermit 3000 
 
Report generated: 11/04/07 00:37:50 
Report from file: C:\Documents and Settings\W. Robert Talbot\Desktop\Data\SN45888 2007-10-19 100348 
24hrrecovery.bin 
DataMgr Version 3.71 
 
Serial number: 00045888 
Firmware Version 7.10 
Unit name:  HERMIT 3000 
 
Test name:  24hr recovery    
 
Test defined on: 10/18/07 08:15:06 
Test started on: 10/19/07 10:03:49 
Test stopped on: 10/20/07 08:31:13 
Test extracted on: 01/01/01 00:02:39 
 
Data gathered using Logarithmic testing 
   Maximum time between data points:      10.0000 Minutes. 
   Number of data samples: 237 
 
TOTAL DATA SAMPLES 237 
 
Channel number [1] 
  Measurement type: Pressure 
  Channel name: ETwo 
  Linearity:  0.0015000 
  Scale:  10.3030000 
  Offset:  -0.0134000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.640 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   11.771 Feet H2O 
 
Channel number [2] 
  Measurement type: Pressure 
  Channel name: EOne 
  Linearity:  0.1253000 
  Scale:  19.6723000 
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  Offset:  -0.1940000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   32.270 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   18.237 Feet H2O 
 
Channel number [3] 
  Measurement type: Pressure 
  Channel name: Test 
  Linearity:  0.0696000 
  Scale:  19.9209000 
  Offset:  -0.0091000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   31.660 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:    5.613 Feet H2O 
 
Channel number [4] 
  Measurement type: Pressure 
  Channel name: N2 30 
  Linearity:  0.0135000 
  Scale:  19.9752000 
  Offset:  -0.0205000 
  Warmup:  50 
  Specific gravity:    1.000 
  Mode: TOC 
  User-defined reference:   30.600 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:    7.562 Feet H2O 
 
Channel number [5] 
  Measurement type: Pressure 
  Channel name: N1 
  Linearity: -0.0107000 
  Scale:  10.0122000 
  Offset:  -0.1073000 
  Warmup:  50 
  Specific gravity:    1.000 
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  Mode: TOC 
  User-defined reference:   32.200 Feet H2O 
  Referenced on: test start 
  Pressure head at reference:   18.459 Feet H2O 
 
Channel number [0] 
  Measurement type: Barometric Pressure 
  Channel name: Barometric 
  Linearity:  0.0000000 
  Scale:   0.0000000 
  Offset:   0.0000000 
  Warmup:  50 
               Chan[1]    Chan[2]    Chan[3]    Chan[4]    Chan[5]   Chan[0]  
  Date Time        ET (min)    Feet H2O    Feet H2O    Feet H2O    Feet H2O    Feet H2O  Inches Hg 
-------- -------- ------------ ------------  ----------  ----------  ----------  ---------- --------- 
10/19/07 10:03:49       0.0000     31.640     32.270     31.660     30.600     32.200     28.380 
10/19/07 10:03:50       0.0322     31.639     32.270     31.671     30.600     32.197     28.380 
10/19/07 10:03:52       0.0643     31.639     32.270     31.752     30.600     32.196     28.382 
10/19/07 10:03:54       0.0965     31.639     32.270     31.631     30.600     32.196     28.380 
10/19/07 10:03:56       0.1287     31.639     32.270     31.671     30.600     32.197     28.380 
10/19/07 10:03:58       0.1608     31.639     32.270     31.720     30.600     32.197     28.382 
10/19/07 10:04:00       0.1930     31.639     32.273     31.654     30.600     32.199     28.378 
10/19/07 10:04:02       0.2252     31.639     32.270     31.663     30.600     32.199     28.378 
10/19/07 10:04:04       0.2573     31.639     32.270     31.694     30.600     32.197     28.378 
10/19/07 10:04:06       0.2895     31.639     32.273     31.689     30.600     32.197     28.380 
10/19/07 10:04:08       0.3217     31.639     32.273     31.628     30.600     32.197     28.378 
10/19/07 10:04:10       0.3538     31.639     32.273     31.700     30.600     32.197     28.376 
10/19/07 10:04:12       0.3860     31.639     32.270     31.700     30.600     32.199     28.378 
10/19/07 10:04:14       0.4182     31.639     32.273     31.692     30.600     32.197     28.374 
10/19/07 10:04:16       0.4503     31.639     32.270     31.651     30.600     32.199     28.378 
10/19/07 10:04:17       0.4825     31.637     32.270     31.683     30.600     32.197     28.378 
10/19/07 10:04:19       0.5147     31.637     32.273     31.735     30.600     32.197     28.378 
10/19/07 10:04:21       0.5468     31.637     32.270     31.683     30.603     32.197     28.378 
10/19/07 10:04:23       0.5790     31.636     32.270     31.720     30.600     32.197     28.378 
10/19/07 10:04:25       0.6112     31.636     32.270     31.660     30.600     32.196     28.378 
10/19/07 10:04:27       0.6433     31.636     32.270     31.634     30.603     32.196     28.380 
10/19/07 10:04:29       0.6765     31.636     32.270     31.663     30.603     32.196     28.378 
10/19/07 10:04:31       0.7117     31.634     32.270     31.674     30.603     32.196     28.382 
10/19/07 10:04:33       0.7490     31.634     32.270     31.720     30.600     32.197     28.378 
10/19/07 10:04:36       0.7885     31.634     32.270     31.689     30.600     32.197     28.376 
10/19/07 10:04:38       0.8303     31.634     32.270     31.683     30.603     32.197     28.376 
10/19/07 10:04:41       0.8747     31.634     32.270     31.660     30.600     32.196     28.378 
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10/19/07 10:04:44       0.9217     31.634     32.270     31.689     30.603     32.196     28.376 
10/19/07 10:04:47       0.9715     31.634     32.273     31.640     30.600     32.197     28.376 
10/19/07 10:04:50       1.0242     31.636     32.270     31.634     30.600     32.196     28.378 
10/19/07 10:04:53       1.0800     31.634     32.270     31.683     30.597     32.196     28.378 
10/19/07 10:04:57       1.1392     31.636     32.270     31.657     30.600     32.196     28.378 
10/19/07 10:05:01       1.2018     31.636     32.270     31.700     30.600     32.197     28.378 
10/19/07 10:05:05       1.2682     31.637     32.270     31.726     30.600     32.199     28.376 
10/19/07 10:05:09       1.3385     31.637     32.270     31.694     30.600     32.199     28.376 
10/19/07 10:05:13       1.4130     31.637     32.270     31.692     30.600     32.197     28.378 
10/19/07 10:05:18       1.4920     31.637     32.267     31.686     30.600     32.197     28.374 
10/19/07 10:05:23       1.5757     31.637     32.273     31.697     30.603     32.199     28.376 
10/19/07 10:05:28       1.6642     31.637     32.270     31.628     30.600     32.201     28.372 
10/19/07 10:05:34       1.7580     31.639     32.270     31.649     30.600     32.200     28.374 
10/19/07 10:05:40       1.8573     31.639     32.270     31.683     30.600     32.203     28.372 
10/19/07 10:05:46       1.9627     31.636     32.273     31.697     30.600     32.203     28.372 
10/19/07 10:05:53       2.0742     31.637     32.273     31.620     30.600     32.203     28.372 
10/19/07 10:06:00       2.1923     31.641     32.276     31.694     30.600     32.203     28.372 
10/19/07 10:06:08       2.3175     31.643     32.279     30.918     30.580     32.184     28.370 
10/19/07 10:06:16       2.4500     31.592     31.993     20.685     30.041     31.938     28.370 
10/19/07 10:06:24       2.5905     31.573     31.991     22.076     30.061     31.942     28.370 
10/19/07 10:06:33       2.7393     31.572     32.028     22.953     30.133     31.971     28.368 
10/19/07 10:06:42       2.8968     31.567     32.025     22.962     30.130     31.968     28.368 
10/19/07 10:06:52       3.0637     31.561     32.019     22.948     30.122     31.959     28.366 
10/19/07 10:07:03       3.2405     31.557     32.011     22.945     30.113     31.952     28.366 
10/19/07 10:07:14       3.4278     31.555     32.008     22.936     30.107     31.949     28.366 
10/19/07 10:07:26       3.6262     31.555     32.002     22.925     30.102     31.945     28.368 
10/19/07 10:07:39       3.8363     31.549     31.985     22.919     30.093     31.936     28.366 
10/19/07 10:07:52       4.0590     31.543     31.971     22.910     30.084     31.931     28.366 
10/19/07 10:08:06       4.2948     31.540     31.951     22.905     30.079     31.926     28.364 
10/19/07 10:08:21       4.5447     31.539     31.936     22.896     30.070     31.920     28.366 
10/19/07 10:08:37       4.8093     31.536     31.931     22.893     30.061     31.916     28.364 
10/19/07 10:08:54       5.0897     31.532     31.922     22.884     30.056     31.907     28.366 
10/19/07 10:09:12       5.3865     31.527     31.919     22.879     30.050     31.903     28.364 
10/19/07 10:09:31       5.7010     31.524     31.919     22.873     30.041     31.905     28.364 
10/19/07 10:09:51       6.0342     31.521     31.914     22.864     30.035     31.892     28.351 
10/19/07 10:10:12       6.3870     31.517     31.911     22.861     30.027     31.887     28.368 
10/19/07 10:10:34       6.7608     31.509     31.905     22.856     30.018     31.880     28.372 
10/19/07 10:10:58       7.1568     31.505     31.902     22.853     30.012     31.873     28.374 
10/19/07 10:11:23       7.5762     31.502     31.899     22.844     30.004     31.866     28.378 
10/19/07 10:11:50       8.0205     31.497     31.897     22.841     29.998     31.859     28.380 
10/19/07 10:12:18       8.4912     31.493     31.891     22.833     29.984     31.847     28.382 
10/19/07 10:12:48       8.9897     31.488     31.882     22.827     29.975     31.846     28.382 
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10/19/07 10:13:20       9.5177     31.481     31.879     22.818     29.972     31.834     28.384 
10/19/07 10:13:53      10.0770     31.478     31.871     22.807     29.963     31.833     28.384 
10/19/07 10:14:29      10.6695     31.477     31.868     22.798     29.955     31.828     28.384 
10/19/07 10:15:06      11.2970     31.478     31.874     22.787     29.946     31.825     28.384 
10/19/07 10:15:46      11.9618     31.475     31.874     22.781     29.938     31.818     28.386 
10/19/07 10:16:28      12.6660     31.462     31.868     22.781     29.929     31.805     28.384 
10/19/07 10:17:13      13.4118     31.459     31.862     22.784     29.920     31.798     28.386 
10/19/07 10:18:01      14.2018     31.454     31.859     22.787     29.912     31.795     28.388 
10/19/07 10:18:51      15.0387     31.448     31.842     22.789     29.906     31.788     28.390 
10/19/07 10:19:44      15.9252     31.442     31.797     22.787     29.894     31.778     28.388 
10/19/07 10:20:40      16.8642     31.436     31.791     22.775     29.886     31.766     28.388 
10/19/07 10:21:40      17.8588     31.435     31.794     22.764     29.877     31.763     28.386 
10/19/07 10:22:43      18.9125     31.429     31.788     22.755     29.865     31.755     28.390 
10/19/07 10:23:50      20.0285     31.428     31.785     22.735     29.857     31.752     28.390 
10/19/07 10:25:01      21.2107     31.420     31.785     22.723     29.845     31.739     28.388 
10/19/07 10:26:16      22.4628     31.414     31.782     22.715     29.837     31.733     28.390 
10/19/07 10:27:36      23.7893     31.401     31.780     22.709     29.825     31.725     28.390 
10/19/07 10:29:00      25.1943     31.398     31.777     22.700     29.811     31.712     28.388 
10/19/07 10:30:29      26.6827     31.396     31.785     22.700     29.802     31.706     28.386 
10/19/07 10:32:04      28.2592     31.386     31.737     22.712     29.791     31.694     28.384 
10/19/07 10:33:44      29.9290     31.380     31.737     22.720     29.776     31.686     28.384 
10/19/07 10:35:30      31.6978     31.371     31.743     22.740     29.768     31.674     28.380 
10/19/07 10:37:23      33.5715     31.371     31.728     22.761     29.759     31.673     28.380 
10/19/07 10:39:22      35.5562     31.359     31.731     22.787     29.747     31.661     28.382 
10/19/07 10:41:28      37.6585     31.350     31.671     22.781     29.739     31.648     28.386 
10/19/07 10:43:42      39.8853     31.341     31.634     22.738     29.724     31.637     28.384 
10/19/07 10:46:03      42.2442     31.343     31.634     22.723     29.710     31.632     28.386 
10/19/07 10:48:33      44.7428     31.334     31.620     22.723     29.698     31.621     28.384 
10/19/07 10:51:12      47.3895     31.327     31.611     22.740     29.690     31.614     28.388 
10/19/07 10:54:00      50.1930     31.315     31.600     22.755     29.675     31.603     28.386 
10/19/07 10:56:58      53.1627     31.310     31.591     22.769     29.670     31.592     28.384 
10/19/07 11:00:07      56.3083     31.298     31.583     22.778     29.658     31.582     28.386 
10/19/07 11:03:27      59.6403     31.292     31.574     22.792     29.647     31.573     28.386 
10/19/07 11:06:59      63.1698     31.288     31.569     22.795     29.635     31.565     28.384 
10/19/07 11:10:43      66.9083     31.272     31.551     22.798     29.626     31.550     28.382 
10/19/07 11:14:41      70.8685     31.264     31.537     22.784     29.612     31.539     28.380 
10/19/07 11:18:52      75.0633     31.263     31.537     22.795     29.600     31.534     28.378 
10/19/07 11:23:19      79.5067     31.246     31.520     22.824     29.592     31.518     28.378 
10/19/07 11:28:01      84.2133     31.236     31.512     22.818     29.580     31.510     28.380 
10/19/07 11:33:00      89.1988     31.226     31.503     22.847     29.569     31.500     28.380 
10/19/07 11:38:17      94.4797     31.223     31.494     22.858     29.554     31.490     28.376 
10/19/07 11:43:53     100.0735     31.205     31.477     22.879     29.546     31.474     28.376 
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10/19/07 11:49:48     105.9988     31.200     31.472     22.850     29.534     31.467     28.372 
10/19/07 11:56:05     112.2752     31.191     31.460     22.899     29.526     31.455     28.372 
10/19/07 12:02:44     118.9235     31.181     31.449     22.913     29.514     31.444     28.370 
10/19/07 12:09:46     125.9657     31.171     31.440     22.942     29.505     31.435     28.370 
10/19/07 12:17:14     133.4252     31.160     31.432     22.896     29.494     31.423     28.366 
10/19/07 12:25:08     141.3267     31.148     31.420     22.905     29.482     31.415     28.364 
10/19/07 12:33:30     149.6963     31.136     31.403     22.928     29.471     31.396     28.361 
10/19/07 12:42:22     158.5620     31.133     31.400     22.916     29.465     31.395     28.361 
10/19/07 12:51:46     167.9530     31.122     31.389     22.968     29.448     31.380     28.359 
10/19/07 13:01:43     177.9005     31.107     31.378     22.942     29.439     31.373     28.353 
10/19/07 13:11:43     187.9005     31.101     31.369     22.991     29.428     31.360     28.353 
10/19/07 13:21:43     197.9005     31.093     31.360     22.916     29.419     31.356     28.353 
10/19/07 13:31:43     207.9005     31.089     31.355     22.953     29.410     31.344     28.349 
10/19/07 13:41:43     217.9005     31.077     31.343     22.953     29.405     31.334     28.345 
10/19/07 13:51:43     227.9005     31.073     31.335     22.922     29.390     31.325     28.339 
10/19/07 14:01:43     237.9005     31.067     31.332     22.945     29.387     31.324     28.339 
10/19/07 14:11:43     247.9005     31.055     31.318     22.953     29.376     31.311     28.331 
10/19/07 14:21:43     257.9005     31.044     31.312     22.991     29.373     31.304     28.327 
10/19/07 14:31:43     267.9005     31.053     31.315     22.942     29.370     31.305     28.302 
10/19/07 14:41:43     277.9005     31.034     31.295     22.930     29.359     31.292     28.335 
10/19/07 14:51:43     287.9005     31.028     31.286     22.953     29.356     31.286     28.331 
10/19/07 15:01:43     297.9005     31.025     31.283     22.913     29.347     31.281     28.329 
10/19/07 15:11:43     307.9005     31.021     31.278     22.861     29.341     31.276     28.317 
10/19/07 15:21:43     317.9005     31.009     31.269     22.694     29.338     31.271     28.317 
10/19/07 15:31:43     327.9005     31.007     31.266     22.781     29.333     31.268     28.319 
10/19/07 15:41:43     337.9005     31.004     31.261     22.743     29.327     31.259     28.313 
10/19/07 15:51:43     347.9005     30.995     31.255     22.781     29.321     31.255     28.304 
10/19/07 16:01:43     357.9005     31.006     31.261     22.694     29.315     31.253     28.282 
10/19/07 16:11:43     367.9005     30.991     31.252     22.669     29.310     31.245     28.329 
10/19/07 16:21:43     377.9005     30.979     31.241     22.591     29.307     31.240     28.331 
10/19/07 16:31:43     387.9005     30.979     31.241     22.597     29.301     31.236     28.335 
10/19/07 16:41:43     397.9005     30.974     31.235     22.539     29.298     31.232     28.341 
10/19/07 16:51:43     407.9005     30.973     31.229     22.467     29.292     31.226     28.341 
10/19/07 17:01:43     417.9005     30.958     31.226     22.349     29.295     31.223     28.339 
10/19/07 17:11:43     427.9005     30.963     31.224     22.228     29.289     31.222     28.302 
10/19/07 17:21:43     437.9005     30.951     31.212     22.110     29.281     31.213     28.327 
10/19/07 17:31:43     447.9005     30.948     31.209     21.955     29.281     31.210     28.335 
10/19/07 17:41:43     457.9005     30.948     31.212     21.779     29.278     31.207     28.343 
10/19/07 17:51:43     467.9005     30.946     31.204     21.658     29.272     31.203     28.343 
10/19/07 18:01:43     477.9005     30.942     31.201     21.540     29.272     31.201     28.345 
10/19/07 18:11:43     487.9005     30.939     31.198     21.448     29.269     31.199     28.341 
10/19/07 18:21:43     497.9005     30.936     31.195     21.385     29.263     31.193     28.333 
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10/19/07 18:31:43     507.9005     30.936     31.195     21.298     29.266     31.194     28.335 
10/19/07 18:41:43     517.9005     30.933     31.195     21.255     29.261     31.191     28.339 
10/19/07 18:51:43     527.9005     30.930     31.186     21.270     29.255     31.184     28.337 
10/19/07 19:01:43     537.9005     30.927     31.186     21.258     29.255     31.184     28.335 
10/19/07 19:11:43     547.9005     30.924     31.186     21.215     29.252     31.181     28.333 
10/19/07 19:21:43     557.9005     30.922     31.184     21.154     29.249     31.178     28.335 
10/19/07 19:31:43     567.9005     30.919     31.178     21.059     29.246     31.177     28.337 
10/19/07 19:41:43     577.9005     30.918     31.175     21.002     29.243     31.174     28.337 
10/19/07 19:51:43     587.9005     30.899     31.178     20.956     29.243     31.173     28.337 
10/19/07 20:01:43     597.9005     30.893     31.172     20.921     29.238     31.167     28.337 
10/19/07 20:11:43     607.9005     30.888     31.167     20.941     29.235     31.165     28.335 
10/19/07 20:21:43     617.9005     30.891     31.169     20.921     29.235     31.167     28.335 
10/19/07 20:31:43     627.9005     30.890     31.172     20.913     29.232     31.163     28.337 
10/19/07 20:41:43     637.9005     30.887     31.167     20.907     29.226     31.160     28.339 
10/19/07 20:51:43     647.9005     30.887     31.167     20.907     29.229     31.160     28.343 
10/19/07 21:01:43     657.9005     30.882     31.161     20.881     29.226     31.155     28.343 
10/19/07 21:11:43     667.9005     30.882     31.161     20.864     29.220     31.152     28.343 
10/19/07 21:21:43     677.9005     30.879     31.158     20.872     29.223     31.152     28.343 
10/19/07 21:31:43     687.9005     30.878     31.158     20.852     29.220     31.151     28.345 
10/19/07 21:41:43     697.9005     30.875     31.155     20.829     29.217     31.147     28.345 
10/19/07 21:51:43     707.9005     30.872     31.152     20.803     29.214     31.142     28.343 
10/19/07 22:01:43     717.9005     30.870     31.149     20.777     29.212     31.141     28.343 
10/19/07 22:11:43     727.9005     30.869     31.149     20.780     29.209     31.141     28.341 
10/19/07 22:21:43     737.9005     30.865     31.144     20.780     29.209     31.138     28.339 
10/19/07 22:31:43     747.9005     30.866     31.147     20.757     29.206     31.137     28.333 
10/19/07 22:41:43     757.9005     30.862     31.144     20.774     29.203     31.134     28.335 
10/19/07 22:51:43     767.9005     30.862     31.144     20.751     29.203     31.132     28.337 
10/19/07 23:01:43     777.9005     30.860     31.141     20.737     29.197     31.129     28.329 
10/19/07 23:11:43     787.9005     30.859     31.138     20.720     29.197     31.129     28.329 
10/19/07 23:21:43     797.9005     30.859     31.141     20.720     29.197     31.129     28.325 
10/19/07 23:31:43     807.9005     30.853     31.132     20.717     29.194     31.124     28.321 
10/19/07 23:41:43     817.9005     30.850     31.132     20.685     29.191     31.121     28.317 
10/19/07 23:51:43     827.9005     30.853     31.132     20.676     29.189     31.121     28.315 
10/20/07 00:01:43     837.9005     30.848     31.129     20.665     29.189     31.116     28.309 
10/20/07 00:11:43     847.9005     30.847     31.129     20.651     29.186     31.116     28.302 
10/20/07 00:21:43     857.9005     30.844     31.127     20.651     29.186     31.114     28.304 
10/20/07 00:31:43     867.9005     30.842     31.124     20.653     29.183     31.114     28.302 
10/20/07 00:41:43     877.9005     30.842     31.124     20.668     29.180     31.109     28.302 
10/20/07 00:51:43     887.9005     30.842     31.121     20.651     29.180     31.108     28.309 
10/20/07 01:01:43     897.9005     30.841     31.124     20.668     29.177     31.109     28.304 
10/20/07 01:11:43     907.9005     30.836     31.118     20.737     29.177     31.102     28.288 
10/20/07 01:21:43     917.9005     30.836     31.118     20.754     29.174     31.104     28.286 
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10/20/07 01:31:43     927.9005     30.836     31.121     20.841     29.174     31.102     28.286 
10/20/07 01:41:43     937.9005     30.829     31.118     20.898     29.177     31.099     28.286 
10/20/07 01:51:43     947.9005     30.827     31.115     20.878     29.171     31.096     28.292 
10/20/07 02:01:43     957.9005     30.835     31.121     20.967     29.171     31.101     28.302 
10/20/07 02:11:43     967.9005     30.827     31.115     20.999     29.168     31.095     28.304 
10/20/07 02:21:43     977.9005     30.827     31.118     21.042     29.171     31.098     28.317 
10/20/07 02:31:43     987.9005     30.826     31.112     21.071     29.168     31.095     28.317 
10/20/07 02:41:43     997.9005     30.821     31.109     21.088     29.163     31.091     28.311 
10/20/07 02:51:43    1007.9005     30.826     31.112     21.114     29.166     31.091     28.313 
10/20/07 03:01:43    1017.9005     30.820     31.107     21.108     29.163     31.088     28.309 
10/20/07 03:11:43    1027.9005     30.821     31.109     21.114     29.166     31.089     28.309 
10/20/07 03:21:43    1037.9005     30.820     31.107     21.120     29.163     31.089     28.307 
10/20/07 03:31:43    1047.9005     30.817     31.107     21.111     29.157     31.088     28.304 
10/20/07 03:41:43    1057.9005     30.816     31.104     21.100     29.157     31.085     28.300 
10/20/07 03:51:43    1067.9005     30.817     31.104     21.045     29.157     31.086     28.300 
10/20/07 04:01:43    1077.9005     30.813     31.101     20.990     29.154     31.085     28.294 
10/20/07 04:11:43    1087.9005     30.813     31.104     21.071     29.157     31.083     28.292 
10/20/07 04:21:43    1097.9005     30.813     31.101     21.091     29.151     31.080     28.290 
10/20/07 04:31:43    1107.9005     30.811     31.098     21.088     29.148     31.079     28.288 
10/20/07 04:41:43    1117.9005     30.811     31.098     21.103     29.151     31.079     28.290 
10/20/07 04:51:43    1127.9005     30.811     31.098     21.094     29.151     31.078     28.288 
10/20/07 05:01:43    1137.9005     30.808     31.095     21.105     29.148     31.076     28.288 
10/20/07 05:11:43    1147.9005     30.805     31.095     21.079     29.148     31.076     28.284 
10/20/07 05:21:43    1157.9005     30.807     31.095     21.088     29.148     31.076     28.282 
10/20/07 05:31:43    1167.9005     30.802     31.092     21.097     29.145     31.075     28.284 
10/20/07 05:41:43    1177.9005     30.801     31.092     21.094     29.145     31.075     28.284 
10/20/07 05:51:43    1187.9005     30.801     31.090     21.079     29.142     31.073     28.278 
10/20/07 06:01:43    1197.9005     30.799     31.087     21.062     29.140     31.070     28.272 
10/20/07 06:11:43    1207.9005     30.807     31.087     21.016     29.142     31.072     28.264 
10/20/07 06:21:43    1217.9005     30.798     31.087     21.091     29.140     31.067     28.268 
10/20/07 06:31:43    1227.9005     30.798     31.087     21.059     29.131     31.065     28.272 
10/20/07 06:41:43    1237.9005     30.799     31.084     21.097     29.140     31.069     28.280 
10/20/07 06:51:43    1247.9005     30.792     31.081     21.062     29.137     31.065     28.274 
10/20/07 07:01:43    1257.9005     30.795     31.084     21.117     29.137     31.066     28.278 
10/20/07 07:11:43    1267.9005     30.795     31.081     21.140     29.134     31.063     28.278 
10/20/07 07:21:43    1277.9005     30.795     31.081     21.175     29.137     31.065     28.300 
10/20/07 07:31:43    1287.9005     30.798     31.087     21.318     29.137     31.065     28.302 
10/20/07 07:41:43    1297.9005     30.795     31.084     21.428     29.137     31.066     28.274 
10/20/07 07:51:43    1307.9005     30.790     31.081     21.534     29.134     31.063     28.284 
10/20/07 08:01:43    1317.9005     30.790     31.084     21.641     29.131     31.063     28.270 
10/20/07 08:11:43    1327.9005     30.787     31.084     21.773     29.131     31.063     28.247 
10/20/07 08:21:43    1337.9005     30.792     31.090     21.917     29.128     31.062     28.229 
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Appendix I summarizes the existing data that relates to the evaluation of the infiltration gallery 
proposal that was found during a brief and limited review of existing data on the water resources 
and geologic setting of the Santee Indian Reservation.  This Appendix also summarizes the data that 
would need to be collected in order to complete a final design of either an infiltration galley of some 
type or more traditional vertical production wells. 
 
 

Data needed for final 
design of an infiltration 
gallery system or vertical 
production wells 

Existing data (see Reference 
section) 

Data collection needs  

Hydraulic conductivity Non-existent for the Missouri 
River (MR) alluvium near the 
Village of Santee – or within the 
Missouri River floodplain in the 
vicinity of Lewis and Clark Lake.  
Estimates based on gradation 
analysis of drill hole samples are 
available. 

Need to conduct aquifer testing 
at a selected site to get a 
representative idea of the 
hydraulic conductivity of the 
MR alluvial sediments. 

Storativity Non-existent for the MR alluvium 
near the Village of Santee – or 
within the MR floodplain in the 
vicinity of Lewis and Clark Lake. 

Need to conduct aquifer testing 
at a selected site to get a 
representative idea of the 
storativity of the MR alluvial 
sediments. 

Porosity & Specific Yield Non-existent for the MR alluvium 
near the Village of Santee – or 
within the MR floodplain in the 
vicinity of Lewis and Clark Lake. 

Need to conduct aquifer testing 
at a selected site to get a 
representative idea of the 
hydraulic properties of the MR 
alluvial sediments. 

Thickness of alluvial 
sediments 

Previous studies indicate that the 
Missouri River Valley (MRV) in 
the vicinity of the Santee Indian 
Reservation is between 2 and 4 
miles wide: a drilling program 
conducted 2000 - 3000 feet 
upstream of the Village of Santee 
found a thickness of 92 feet of 
sediment at a distance of 700 feet 
from the bluffs forming the valley 
wall, and 39 feet of sediment at a 
distance of 350 feet from the 
valley wall: one other report 
indicated that 8 – 10 miles 
upstream of the Village of Santee 
the MR alluvial sediments were 
130+ feet thick and that this was 
‘probably’ representative of the 
MRV in that reach of the MR.   

A good indication that a 
sufficient thickness of 
materials may be present, but 
more detail is needed and a 
series of borings at several 
potential sites would need to 
be installed to determine the 
thickness over a wider area and 
to determine the material 
properties across the sites.  
 
 **Exploratory drilling in the 
area of the Village of Santee 
indicate that MR alluvial 
sediments range in thickness 
from 37 feet to 92 feet. 
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Lateral extent of alluvial 
sediments 

Previous studies indicate that the 
alluvial sediments go from ‘0’ 
thickness at the MRV edges to 
something near or greater than 130 
feet in the center of the MRV, and 
that the valley is 2 to 4 miles wide. 

This indicates that the lateral 
extent of the alluvial sediments 
is probably adequate for 
infiltration galleries. 

General material properties Studies indicate that the MR 
alluvial sediments are usually fine 
or fine to coarse sands with 
interbeds/layers of silts and clays; 
these are fairly consistent 
throughout the MRV. 

These studies indicate that the 
nature of the sediments is 
relatively consistent; however, 
to evaluate and/or design an 
infiltration gallery, site details 
are needed (because of the 
nature of alluvial sediments 
and the processes by which 
they are deposited, while the 
regional nature of the 
sediments may be relatively 
consistent, the local nature 
may vary considerably). 
 
  **Exploratory drilling in the 
area of the Village of Santee 
indicate that MR alluvial 
sediments consist of silty sand, 
sandy silt, poorly graded sand, 
and near the bottom of the 
section there are sandy gravels 
and poorly graded gravels.  A 
lean clay is often capping the 
section. 

Continuous soil core Non-existent. For the proper design of a 
Ranney-type radial system, a 
continuous core at the site of 
the well is required. 
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Table of Conductivity Values.  All samples were obtained below the water table.  N/A indicates that 
the gradation curve did not reach the D20 value.  Since all gradations stopped at the #200 
sieve, the D20 value for these samples would be in clays as opposed to being in fine sands or 
larger. (K = hydraulic conductivity, values are rounded to nearest 100ths or 1000ths) 

Drill Hole # Interval (ft) D20 (mm) K (gal/day/ft2) K (ft/min) 
DH-1 29.0-30.0 .19 193.86 0.018 
 49.0-50.0 .23 236.95 0.022 
 59.0-60.0 .19 193.86 0.018 
 69.0-70.0 .38 8,616.30 0.800 
 89.0-90.0 .16 107.70 0.010 

DH-1 Average  .23 236.95 0.022 
DH-2 5.0-6.5 N/A ---- ---- 
 29.0-30.5 .15 86.16 0.008 

DH-2 Average  --- ---- --- 
DH-3 28.5-30.0 .13 64.62 0.006 
 37.5-38.5 N/A ---- ---- 

DH-3 Average  --- --- --- 
DH-4 23.0-24.5 .08 21.54 0.002 
 35.0-36.5 .22 226.18 0.021 
 45.0-46.0 .29 441.59 0.041 
 55.0-56.5 .24 247.72 0.023 

DH-4 Average (last 3 only) .25 301.57 0.028 
DH-5 23.5-25.0 .08 21.54 0.002 
 33.5-35.0 .19 193.86 0.018 
 43.5-45.0 .18 161.56 0.015 

DH-5 Average (last 2 only) .19 193.86 0.018 
DH-6 29.5-31.0 N/A ---- ---- 
 34.5-35.0 .53 1,723.26 0.160 
 35.5-36.0 N/A ---- ---- 
 45.0-46.0 .29 441.59 0.041 
 48.5-50.0 .28 430.81 0.040 
 54.5-56.0 .56 2,046.37 0.190 
 59.5-61.0 .22 247.72 0.023 
 64.5-66.0 .85 5,385.19 0.500 
 74.5-76.0 .39 947.79 0.088 

DH-6 Average  .38 1,098.58 0.102 
DH-7 29.5-31.0 .72 3,446.52 0.320 
 34.5-36.0 .35 656.99 0.061 
 39.5-41.0 1.3 17,232.61 1.600 
 44.5-46.0 1.2 16,155.57 1.500 
 49.5-51.0 .56 2,046.37 0.190 
 54.5-56.0 .23 236.95 0.022 

DH-7 Average  .47 3,769.63 0.350 
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Conductivity values are based on the USBR Method of estimating conductivity from a gradation 
curve analysis relationship developed by Creager, Justin, and Hinds (1945) in which the 
conductivity of a material is related to the nominal particle size (in mm) that represents 20% of the 
sample smaller than that size – also termed the D20 value.  On a gradation curve, the D20 value 
would be represented by the grain size for 20% of the sample passing a particular sieve size.  The 
relationship is not as clear-cut for D20 values much above 2.0 mm, so D20 values much greater than 
2.0+/- mm were not included in the averages. 
 
In most cases, the 20% passing grain size does not exactly match a standard sieve size, so the D20 
value has to be interpolated from the gradation curve – where the grain size axis is on a log scale.  
This estimated D20 value is then used in the Creager, Justin, and Hinds curve (see following 
discussion and the curve on next page) to find the estimated value of K in ft/min.  So the values of K 
in the above table are obtained by visually estimating the value on a log scale of where the 
relationship curve intersects the visually estimated value of D20 from a gradation curve. 
 
Additionally, any stratification in the sample that might remain after being collected is lost in the 
process of being sieved, so any preferential flow paths that might influence the conductivity values 
are lost.  Accordingly, the conductivity values obtained by this method are only an estimate to be 
used for comparative purposes or to determine an initial range of values for a material.  Aquifer 
testing is required to obtain accurate values of conductivities for undisturbed, in situ aquifer 
materials. 
 
Not to confuse matters, but the D20 notation only applies to gradation curves that plot the material 
that is sieved as ‘percent passing’.  Gradation curves are also plotted as ‘percent retained’.  On a 
‘percent retained’ plot, the particle size of the D80 value would be used to obtain the estimated K 
value from the USBR Method. 
 
 
Creager, William P., Justin, Joel D., and Hinds, Julian, 1945, “Engineering for Dams” 
 
Creager, Justin, and Hinds discuss the various factors that influence the value of K (Creager, Justin, 
and Hinds, 1962, Vol. 2, pgs 647 – 650).  These factors include a) the size and grading of particles, 
b) the density of the material as measured by porosity (or void ration), c) the temperature of the 
water, d) the presence of organic matter, and e) the presence of colloidal material.  They state “The 
value of K is of greatest importance for gravels, sands, and silts.  For the clays it is so small anyway 
that its exact value in not usually a matter of great importance.”  They further state “With many 
alluvial deposits the permeability coefficient in a horizontal direction may be several times that in a 
vertical direction . . .”  They also present an empirical table of ‘Coefficient of Permeability’ versus 
the 20% grain size (mm) for four commonly used systems of units.  When plotted on a semi-log 
scale, their table results in the graph on the following page.  The authors state “The table represents 
the approximate average conditions met in the field for water-deposited materials and is based on 
several hundred percolation tests at Zanesville, fort Peck, Kingsley, and Quabbin Dams.  As already 
indicated, no degree of accuracy can be expected unless the permeability coefficient is determined 
by carefully controlled experiments.”  Note that the units of K in the following graph are based on 
the authors’ Coefficient of Permeability in ft/min data.  Divide ft/min by 60 to get ft/sec; multiple it 
by 10,770.38 to get gpd/ft2 (gallons per day per foot squared).
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Creager, Justin, Hinds Method a.k.a. USBR Method
Relationship Curve of K  to D20
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