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1 Introduction 

The 100-HR-3 Groundwater Operable Unit (OU) second Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) 5-year review (DOEIRL-2006-20, The Second 
CERCLA Five-Year Review Report for the Hanford Site) set a milestone to conduct an investigation of 
deep hexavalent chromium contamination in the sediments of the Ringold upper mud (RUM) unit, which 
underlies the unconfined aquifer in the 100-H Area. The 5-year review noted that groundwater samples 
from one deep well extending below the aquitard (Le., RUM) exceeded both the groundwater standard of 
48 parts per billion (ppb) (Ecology Publication 94-06, Model Toxics Control Act Cleanup Statute and 
Regulation) and the federal drinking water standard of 100 J.1g/L for hexavalent chromium. The extent 
of hexavalent chromium contamination in this zone is not well understood. Action 12-1 from the 5-year 
review is to "perform additional characterization of the aquifer below the initial aquitard." 

Field characterization and aquifer testing were performed in the Hanford Site's 100-H Area to address 
this milestone. The aquifer tests were conducted to gather data to answer several fundamental questions 
regarding the presence of the hexavalent chromium in the deep sediments of the RUM and to determine 
the extent and magnitude of deeper contamination. The pumping tests were performed in accordance with 
the Description of Work for Aquifer Testing in Support of the 100-H Deep Chromium Investigation 
(SGW-41302). The specific objectives for the series of tests were as follows: 

• Evaluate the sustainable production of the subject wells using step-drawdown and constant-rate 
pumping tests. 

• Collect water-level data to evaluate the degree of hydraulic connection between the RUM and the 
unconfined (upper) aquifer (natural or induced along the well casing). 

• Evaluate the hydraulic properties of a confined permeable layer within the RUM. 

• Collect time-series groundwater samples during testing to evaluate the extent and persistence of 
hexavalent chromium in the deeper zones. Use data collected to refine the current conceptual model 
for the 100-H Area unconfined aquifer and the RUM in this area. 

• Evaluate the concentration "rebound" in the unconfined aquifer of hexavalent chromium and the 
contaminants of concern during shutdown of the extraction wells. Measure co-contaminants at the 
beginning, middle, and end of each pumping test. 

The RUM is generally considered an aquitard in the 100-HR-3 OU; however, several water-bearing sand 
layers are present that are confined within the RUM. The current hydrogeologic model for the 
100-H Area aquifer system portrays the RUM as an aquitard layer that underlies the unconfined aquifer, 
which may contain permeable zones, stringers, or layers. These permeable zones may provide pathways 
for chromium to migrate deeper into the RUM under certain hydrogeologic conditions. One condition 
may be the discharge oflarge volumes of cooling water that occurred near the former H Reactor, which 
caused a mound of groundwater to form 4.9 to 10.1 m (16 to 33 ft) above the natural water table. 
The cooling water reportedly contained 1 to 2 mglL of hexavalent chromium for corrosion prevention. 

Three alternate hypotheses for the introduction of hexavalent chromium into the RUM are as follows: 

1. Local groundwater with higher concentrations of hexavalent chromium originating from reactor 
operations at H Reactor was driven by high heads from groundwater mounding in the unconfined 
aquifer into the RUM via permeable pathways in the upper surface of the RUM. 

1-1 
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2. Local groundwater with hexavalent chromium was introduced from the unconfined aquifer via well 
boreholes, either during drilling or as a result of poor well construction, allowing hydraulic 
communication between the unconfined aquifer and the RUM. 

3. Hexavalent chromium migrated across the Hom area within the more permeable zones of the RUM. 

The three wells used for the aquifer pumping tests (199-H3-2C, 199-H4-l2C, and .l99-H4-lSCS) exhibit 
hexavalent chromium contamination in confined aquifer groundwater that may be the result of one of the 
mechanisms described above. The purpose of the aquifer testing was to gather data to help refine the 
conceptual model for the source of deep contamination, examine the potential hydraulic connection 
between the RUM and the unconfined aquifer, evaluate the hydraulic properties of a confined layer within 
the RUM, and indicate the extent of hexavalent chromium contamination in the RUM. 

The results of this study, in conjunction with the recent Hom area investigation (DOEIRL-2008-42, 
Hydrogeological Summary Report for 600 Area Between 100-D and 1 OO-H for the 100-HR-3 
Groundwater Operable Unit), suggest that the first hypothesis is the most reasonable explanation. 
The results indicate persistent chromium concentrations over the duration of the tests, suggesting 
a large-scale emplacement of chromium. The concentration decreases upgradient toward the Hom area, 
suggesting that there is a limit on the eastward extent of contamination. This is consistent with the results 
of the Hom area investigation, which found locations in the same horizon in the Hom area with no 
chromium contamination. The potential for bad well construction to have generated the steady, persistent 
concentrations produced during the test seems unlikely, particularly given the upward groundwater 
gradient in the study area. 

1-2 
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2 Test Description 

Testing was conducted at three 100-H Area wells (199-H3-2C, 199-H4-12C, and 199-H4-15CS) 
completed in the RUM that displayed elevated hexavalent chromium concentrations above the 20 j.lg/L 
remedial action objective. The locations for the three wells are illustrated in Figure 2-1 and described in 
Table 2-\' Each subject test well is part of a group of wells screened at different depth intervals, either in 
the unconfined aquifer or at depth in the RUM. Borehole log/construction diagrams for the group of wells 
are presented in Appendix A. 

The aquifer pumping tests included step-drawdown and constant-rate pumping tests performed at the 
three 100-H Area wells during the summer and fall of 2009. A step-drawdown test is typically conducted 
prior to a constant-rate pumping test to obtain information to design the constant-rate test, determine well 
efficiencies, and estimate sustainable well production. The step-drawdown tests consisted of a series of 
three discharge steps in which pumping rates were increased for each step. Constant-rate pumping tests 
consisted of pumping at a steady discharge rate at each well for an extended period of time and 
monitoring changes in hexavalent chromium concentrations and water levels. 

The 100-H Area pump-and-treat (P&T) system was partially shut down on August 20, 2009, to facilitate 
pumping and characterization work. The shutdown occurred one month prior to beginning the first 
constant-rate pumping test. The 100-H Area P&T system includes four wells from the I OO-D Area that 
are linked by a transfer line. In granting approval for the study, the Washington State Department of 
Ecology directed that pumping continue from the 100-0 Area wells. Therefore, prior to performing 
pumping tests at wells 199-H3-2C and 199-H4-12C, approximately 265 Llmin (70 gal/min) of treated 
water from the 100-0 Area was injected into well 199-H4-17. 

The following list summarizes the start and stop times for the different pumping tests and related 
operations in 2009: 

• Normal P&T operations: January 1 through August 20 

• Rebound test period: August 20 through November 11 

• Well 199-H4-17 injection: January I through November 3 (15:19 hours) 

• Normal P&T operations: November II to present 

• Step-drawdown pumping tests: 

199-H3-2C: September 16 (09:15 to 15:14 hours) 

199-H4-12C: September 16 (09:10 to 15:05 hours) 

199-H4-15CS: October 27 (07:38 to 14:46 hours) 

• Constant-rate pumping tests: 

199-H3-2C: September 21 (09:25 hours) through November 3 (15: 13 hours) (62,268-min test) 

199-H4-12C: September 21 (09:40 hours) through November 3 ( 15: 16 hours) (62,256-min test) 

199-H4-15CS: October 28 (09:00 to 14:45 hours) (345-min test). 

2-1 
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Table 2·1. Summary of Pumping Well Information 

Screen SWL Prior to Distance to 
Casing Interval Pumping Test Shoreline of 

Diameter (ft bgs) and (ft bgs) Columbia River Hydrostratigraphic 
Well Name (in.) Slot Size (in.) and Date (ft) Unit* 

100 to 110 40.95 
I 99-H3-2C 6 

(0.010) 
1,820 RUM 

9/21/2009 

72 to 82 38.84 
199-H4-12C 6 

(0.010) 
440 RUM 

9/21/2009 

78 to 80 32.82 
199-H4-15CS 2 

(0.020) 
470 RUM 

10128/2009 

* See well logs in Appendix A and Table 2-4 for specific RUM confined aquifer zone descriptions. 

Step-drawdown pumping tests were conducted at wells 199-H3-2C and 199-H4-12C on 
September 16, 2009, and a step-drawdown test was conducted at well 199-H4-ISCS on October 27, 2009. 
Constant-rate pumping tests occurred at wells I 99-H3-2C and 199-H4-12C starting September 21, 2009, 
and pumping stopped November 3, 2009, for a total duration of 43 .2 days each. Water pumped from these 
two wells was directed to the 100-H Area P&T system for treatment and injection during the test period. 
The constant-rate pumping test at well I 99-H4- .ISCS occurred October 28, 2009, for a duration of 
0.24 days (34S minutes). The pumped groundwater from well 199-H4-ISCS was temporarily stored in 
a 18,927 L (S,OOO-gal) tank for subsequent disposal to the P&T system. 

Groundwater pumped from wells I 99-H3-2C and 199-H4-2C was directed to the groundwater treatment 
facility, and the treated water was combined with water already being injected into well 199-H4-I7. 
During testing of the two wells, an average of 378.S to 416.4 Llmin (100 to 110 gal/min) was injected 
into shallow aquifer at well 199-H4-I7. The injection at well 199-H4-I7 ceased on November 3, 2009, 
at 3: 19 p.m., shortly after the conclusion of the pumping tests for wells I 99-H3-2C and 199-H4-I2C. 
Pumping and injection at the IOO-H Area P&T system resumed on approximately November 11 , 2009. 
Thus, the general rebound test period occurred between August 20 and November II , 2009, with no 
pumping or injection occurring between November 3 at 3: 19 p.m. and November II , and limited 
pumping and injection occurred between August 20 and November 3, 2009. 

2.1 Water-Level and Barometric Measurements 

Water-level measurements in the pumping and observation wells were conducted using pressure 
transducers in accordance with SGW-41302, except during step-drawdown tests at wells 199-H3-2C and 
I99-H4-12C. During these tests, the range of pressures exceeded the transducer specifications, so 
measurements were made manually using an electronic tape. Pressure transducers were successfully 
used during constant-rate tests at these wells. 

River stage was monitored using a pressure transducer in the Columbia River at the former 100-H Area 
pump station. Barometric effects were monitored using the barometer contained within the data logger. 
Barometric pressure records from the Hanford Site Meteorological Station were also obtained and 
examined for the test period. Barometric effects and barometric efficiency were not calculated from the 
pre-test data because water-level effects from changes in the Columbia River stage were determined to 
overwhelm any barometric effects, making estimation of barometric efficiency problematic. 

2-3 



SGW-47776, REV. 0 

2.2 Step-Drawdown Pumping Tests 
Step-drawdown pumping tests were performed at wells 199-H3-2C, 199-H4-12C, and 199-H4-1SCS 
to determine the optimum pumping rate for the constant-rate pumping tests. Each well was pumped 
at three different pumping rates, with the pumping rates ranging from 7.6 to IS2.2 Llmin 
(2 to 40.2 gal/min). One goal of step-drawdown testing is to determine the optimum pumping rate for 
the long-term pumping tests. SGW-41302 suggested that the constant-rate tests use approximately 
SO percent of available drawdown. Available drawdown for a confined aquifer well is defined as the 
length between static water level and the top of the well screen. Table 2-2 summarizes the results of the 
step-drawdown tests, including calculated specific capacity (gal/minlft of drawdown) for the different 
pumping rates . Step-drawdown graphs for pumping wells 199-H3-2C, 199-H4-12C, and 199-H4-ISCS 
are presented in Figures 2-2 through 2-4. These graphs illustrate the relative amount of drllwdown caused 
by short-term pumping at each of the three wells. 

Table 2-2. Step-Drawdown Test Summary 

Final Specific Percentage 
Discharge Pumping Final Capacity Available 

Rate Duration Drawdown (gal/minlft Drawdown 
(gal/min) (min) (ft) Drawdown) Used 

Well 199-H3-2C 

10.3 102 9.6 1.07 17 

20.6 102 18.20 1.13 32 

40.2 104 36.84 1.09 65 

Well 199-H4-12C 

5.5 III 3.6 1.53 12 

10 116 6.57 1.52 22 

20.2 58 13.27 1.52 44 

Well 199-H4-15CS 

2 14 1.92 1.04 4 

3 116 2.65 1.13 6 

4 149 3.39 l.I8 8 
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Water samples for field measurement of hexavalent chromium in wells 199-H3-2C, 199-H4-12C, and 
199-H4-15CS were collected from sample ports as routine operation samples (as specified in procedure 
GRP-FS-04-G-001 , Chromium Analysis a/Water Samples at Pump and Treat Facilities) during the 
step-drawdown tests. Hexavalent chromium was measured in the field with a Hach®1 test kit, and the 
results are shown in Figures 2-5 through 2-7 for each of the wells. Field parameters (turbidity, specific 
conductivity, temperature, and pH) were also measured in the field at each pumping well. Tables B-1 
through B-3 in Appendix B present the sample results for each pumping well during the step-drawdown 
tests; however, no water chemistry or water-level measurements were performed at nearby wells during 
step-drawdown testing. 

2.3 Constant-Rate Pumping Tests 
The constant-rate pumping tests at wells 199-H3-2C and 199-H4-12C were conducted simultaneously 
from September 21 through November 3, 2009, for a pumping period of 43 .2 days each. A constant-rate 
pumping test of well 199-H4-15CS was conducted on September 28, 2009, for a pumping period of 
0.24 days (5 hours 45 minutes). A shorter duration test at well 199-H4-15CS was conducted due to 
limitations of the pumping equipment and the temporary water storage reservoir. 

Measurements of discharge were continually monitored at the pumping and observation wells for all 
three constant-rate discharge tests. Table 2-3 presents a summary of the tests performed, including final 
specific capacity and the observation wells monitored. General well and aquifer details for the pumping 
and observation wells are presented in Table 2-4, including radial distance to the observation wells. 
All unconfined observation wells were located within 7.3 to 7.9 m (24 to 26 ft) of the pumping well. 
The term "observation well" in this document describes any well used to observe possible water-level 
response to pumping at a nearby test well. None of the nearby observation wells used during the three 
pumping tests monitored the same aquifer zone tested by the pumping wells; shallow unconfined aquifer 
wells were monitored near RUM pumping wells 199-H3-2C and 199-H4-12C, and both shallow 
unconfined aquifer and deeper confined zOFles within the RUM were monitored near pumping 
well 199-H4-15CS. 

The three tests are illustrated three different ways. Arithmetic plots of the water levels in the pumping 
and nearby observation wells are presented with Columbia River stage in Figures 2-8 through 2-10. 
Semi-log graphs of water-level drawdown are presented in Figures 2-11 through 2-13. Semi-log graphs 
of water-level recovery are presented in Figures 2-14 through 2-16. 

Time-series groundwater samples were collected for hexavalent chromium analysis from each of the 
pumped wells. Hexavalent chromium concentrations versus time are illustrated in Figures 2-17 through 
2-19. Samples were collected at the well heads and measured using a field test kit for hexavalent 
chromium. Field parameters (turbidity, specific conductivity, temperature, and pH) were also measured 
in the field at each pumping well. Additional samples for laboratory analysis were collected at 
30 minutes, 8 hours, 10 days, and 20 days. Tables 8-4 through 8-6 in Appendix B present the analytical 
results for the each of the wells during the constant-rate tests. 

1 Hach® is a registered trademark of the Hach Company, Loveland, Colorado. 
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Table 2-3. Summary of Constant-Rate Pumping Tests Performed 
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199-H4-1SA, 199-H4-ISCP, 
199-H4-1SCS 10/2812009 32.82 4 0.24 3.S1 LOS 199-H4-ISCQ, and 

199-H4-1SCR 

Measured concentrations during the pumping test exhibited sustained concentrations that were constant 
or only slightly increasing. The highest concentrations (approximately 0.11 mglL) were measured closest 
to the Columbia River at wells 199-H4-15CS and 199-H4-12C, and lower concentrations (0.02 to 
0.05 mglL) were measured further inland at well I 99-H3-2C. Assuming H Reactor cooling water 
hexavalent chromium concentrations of 0.7 to 1.0 mg/L, the observed concentrations are on the order of 
one-tenth to one-thirtieth of the likely initial concentration, indicating mixing with groundwater in both 
the unconfined aquifer and underlying RUM. These concentrations seem consistent with a cooling 
water origin. 

Three alternate hypotheses for the introduction of hexavalent chromium into the RUM, previously 
described in Chapter I, include the following: 

I. Local groundwater with higher concentrations of hexavalent chromium originating from reactor 
operations at H Reactor was driven by high heads from groundwater mounding in the unconfined 
aquifer into the RUM via permeable pathways in the upper surface of the RUM. 

2. Local groundwater with hexavalent chromium was introduced from the unconfined aquifer via well 
boreholes, either during drilling or as a result of poor well construction, allowing hydraulic 
communication between the unconfined aquifer and the RUM. 

3. Hexavalent chromium migrated across the Horn area within the more permeable zones of the RUM. 

The last hypothesis seems unlikely, as the data from RUM sampling in the Horn area (DOE/RL-2008-42) 
show limited levels of hexavalent. chromium (below the protective level for the Columbia River [20 ppb] , 
the standard from Ecology Publication 94-06 [48 ppb], and the federal drinking water standard 
[100 J.lglL]). 
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Table 2-4. 100-H Area Hydrogeologic Details of Wells Pumped or Monitored During Testing 

Radial Water-
Distance to Pre-Test Level Top Bottom Depth Aquifer 
Pumping SWL Elevation of Screen of Screen to RUM Thickness 

Well Name Well (ft) (ft bgs) (m) (ft bgs) (ft bgs) (ft bgs) (ft) Aquifer Description 

199-H3-2A 24.6 41 .51 115.669 41 51 54 15.4 Unconfined, sandy gravel 

I 99-H3-2B 25.6 42.83 115.661 50 55 57 17.2 
Unconfined, sandy gravel 
transition into sand 

199-H3-2C 0 42.92 115.580 100 110 55 10 Confined, clayey silty sand 

199-H4-12A 24.9 35.68 115.900 33 48 51 15.3 
Unconfined, sandy gravel, to 
gravelly sand, to sandy gravel 

199-H4-12B 24.6 41.41 114.601 45 50 50 .5 15.7 
Unconfined, Sandy gravel 
transition to sand 

199-H4-12C 0 41.49 114.580 72 82 59 25 
Confined, gravelly silt to gravelly 
clayey silt 

199-H4-15A 24.3 33.65 114.670 27 42 44 16.6 Unconfined, sandy gravel 

199-H4-15CS 0 35.20 114.64 1 78 80 43 25 Confined, gravelly silt 

199-H4-15CR <0.3 35 .00 114.681 194 196 43 5 Confined, silty sand with clay 

199-H4-15CQ <0.3 33.07 115.239 295 297 43 1 Confined, silty sand with clay 
---

Notes: Piezometer 199-H4-1SCP (completed in basalt, screened 325 to 327 ft bgs and typically flows) was not monitored during testing. 
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The observed concentrations are consistent with the first hypothesis, given that concentrations are highest 
closer to the Columbia River, and that the concentrations are persistent, which suggests a large sustained 
source. The potential for downward intrusion along the well bore at the three locations is less likely. It is 
also unlikely that persistent concentrations could develop that could produce the observed steady 
concentrations over the duration of testing. 

The lower observed concentrations at well I99-H3-2C, located inland from the higher concentration 
wells, suggest that the limit of chromium contamination in the RUM layer will be reached further west. 
This is consistent with sample measurements taken during the Horn area investigation 
(OOEIRL-200S-42), which showed minor amounts of hexavalent chromium contamination (less than 
20 Ilg/L) in the RUM on the west edge of the Horn area, near the 100-0 Area at well 699-97-4SC. 
The Horn area investigation attributed the contamination to a 1967 large-scale infiltration test at the 
100-0 Area. 

2.4 Rebound Study 
Shutdown of the IOO-H Area P&T system occurred from August 20 through November 11 , 2009. 
This shutdown consisted of stopping all pumping of unconfined aquifer extraction wells and stopping 
all injection at recharge wells, except for well 199-H4-I7 (Figure 2-1), which continued to receive 
approximately 265 to 379 Llmin (70 to 100 gal/min) of treated water from the 100-0 Area (and the 
100-H Area during two of the pumping tests). Wells in the shallow aquifer system of the IOO-H Area 
were sampled to measure the possible hexavalent chromium rebound effects of shutting off the 
100-H Area P&T system. The monitoring wells listed in Table 2-5 were sampled periodically from 
August 25, 2009, through March 20, 20 10. Hexavalent chromium concentrations versus time for these 
wells are illustrated, along with river stage, in Figures 2-20 through 2-22 . 

Table 2·5. Rebound Study Well List 

Well Name Well Type 

199-H4-12A, 199-H4-15A, 199-H4-3, 199-H4-4, 199-H4-63, and 199-H4-64 Extraction 

199-H4-14 and 199-H4-18 Injection 

199-H4-5, 199-H4-9, 199-H4-12B, 199-H4-13, 199-H4-15B, and 199-H4-65 Near-field 

199-H3-2A, 199-1-4-6, and 199-1-4-8 Mid-field 

199-H4-16, 199-H4-10, 199-H4-45, and 199-H4-48 Far-field 

The wells shown in Figures 2-20 through 2-22 were grouped by their location in regard to the three 
pumping wells. In general , the graphs in Figure 2-20 show no trend in hexavalent chromium 
concentrations during the rebound test period (August 20 through November II , 2009), nor during the 
longer rebound study period (August 20 through March 25, 20 10). The Columbia River stage was 
generally declining during most of the rebound test period. The 100-H Area P&T system operations 
resumed November 11 , 2009, as river stage was beginning an upward trend. Figure 2-23 shows the 
distribution of the wells sampled during the rebound study period and illustrates the upward and 
downward changes in hexavalent chromium concentration at each well sampled during the period of 
August 25, 2009, through March 20, 20 I o. This analysis was conducted to determine whether geographic 
trends could be recognized over the longer study period. 
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Observations from the rebound study include the following: 

• While the rebound study showed that most groundwater samples from monitoring wells within the 
100-H Area did not have a significant change in hexavalent chromium concentrations, at least one 
well (far-field well 199-H4-48) did show an increase during the period when the P&T system was 
shut down. From June to October 2009, hexavalent chromium concentrations increased from 
5.2 to 38.6 Ilg/L. However, after the average river stage increased in November 2009 and the 
P&T system was restarted, the hexavalent chromium concentration in the groundwater sample 
from well 199-H4-48 declined sharply. 

• Of the pumped wells, groundwater from only well 199-H4-12C displayed a consistent trend of 
increasing hexavalent chromium concentration during the constant-rate pumping test (Figure 2-18). 
The increase of 10 to 20 percent is not indicative of any particular source of the hexavalent 
chromium, and it is consistent with generally widespread occurrence of trace hexavalent chromium 
in the confined RUM aquifer zones in the vicinity of the 100-H Area. 

• Inspection of hexavalent chromium concentration versus time (Figures 2-20 through 2-22) does not 
indicate clear concentration trends for hexavalent chromium in unconfined aquifer monitoring wells 
subsequent to temporary shutdown of the 100-H Area P&T system. 
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Figure 2·23. Change in Hexavalent Chromium Concentration in 100·H Area Wells, 
August 25, 2009, Through March 24, 2010 
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3 Test Analysis 

This chapter provides an analysis of the data sets described in Chapter 2, including the following: 

• Pre-test water levels for wells and Columbia River stage 

• Step-drawdown tests for three confined aquifer wells 

• Constant-rate pumping tests for three confined aquifer wells 

• Rebound test analysis for unconfined and confined aquifer wells. 

3.1 Analysis of the Pre-Test Water-Level Data 
To understand the effects of Columbia River stage on groundwater levels at different wells, a total of 
16 pre-test hydrographs were analyzed, representing 16 different wells. The pre-test hydrographs showed 
water-level transducer data gathered during the period of July 1 through mid-September 2009, whlch 
clearly illustrate the effect of river stage on water level in all of the wells. Some of the hydrographs show 
detectable hydraulic effect of groundwater withdrawal at nearby P&T wells. For example, Figure 3-1 
shows that the water level in well 199-H4-12A increased approximately 0.15 m (0.5 ft) on August 14 
and again on August 18 in response to possible pump shutoff at nearby 100-H Area extraction 
well 199-H4-12B. 

Three ways that river stage may affect groundwater levels include the following: 

• Hydraulic connection through permeable sediments (buried channel) 

• Hydraulic connection through a leaky aquitard 

• Loading on a compressible aquitard. 

With a direct hydraulic connection (including a connection through a leaky aquitard), a response delay to 
changes in Columbia River change would be expected, whereas with a loading effect on a compressible 
aquitard, the hydraulic response should be almost immediate. Table 3-1 presents the ratio of groundwater­
level response to changes in Columbia River stage. Table 3-1 also summarizes the time delay for 
groundwater-level response after peak river stage, calculated from the pre-test data. 

Lmpact from the injection of treated water from 100-0 Area extraction wells to the unconfined aquifer via 
well 199-H4-17 was estimated for the test. This well is approximately 320 m (1 ,050 ft) from the test wells 
with injection rates less than 265 Llmin (70 gal/min). The injection was not estimated to cause significant 
water-level mounding effects in the unconfined aquifer at the pumping test locations. Calculations to 
estimate the radius of influence and the magnitude of water-level changes due to injection showed that 
little to no water-level change would occur at distances of approximately 320 m (1 ,050 ft) from the 
injection well. However, the ability to make precise calculations to estimate the vertical hydraulic 
conductivity of the upper RUM between the pumped layer and the unconfined aquifer potentially could 
be impacted. 
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Table 3·1. Summary of Water·Level Response to Pre·Test River Stage Changes 

Distance to 
Columbia River Ratio orWell Water-Level Delay to 

Well Shoreline Response (River Columbia River Stage 
Name (ft) Stage Change) Change (hours) 

199-H3-2C 1,820 0.08 13 

199-H4-12C 440 0.30 Immediate to less than 0.5 

199-H4-ISCS 470 0.26 3 

3.2 Analysis of the Step-Drawdown Test Data 

Step-drawdown test data were analyzed to determine if well losses increased significantly at higher 
pumping rates. Typically, if entrance velocities are maintained below 0.03 mlsec (0.1 ft/sec) laminar flow 
of groundwater through the well screen, the well efficiency will be near 100 percent, provided that the 
well is properly developed (Groundwater and Wells [Driscol, 1986]). Given the well diameters and 
screen-slot configurations of the pumping wells, entrance velocities should not exceed 0.03 mlsec 
(0.1 ftlsec) at even the highest pumping rates used during the tests. Specific capacities did not change 
significantly (or at all) during the step-drawdown tests; thus, well losses were expected to be negligible. 
Open area at well 199-H4-15CS is limited by small screen diameter (5.1 cm [2-in.]) and small screen 
length (0.6 m [2 ft]) relative to the 7.6 m (25-ft)-thick water-bearing zone in which this well is completed. 
The other two wells appear to fully screen their respective water-bearing zones. 

The concentration of hexavalent chromium in pumped water during step-drawdown testing (Figures 2-5 
through 2-7) was generally stable in each well throughout the tests. Small temporary spikes in apparent 
chromium concentration seen immediately after pumping rate increases in wells 199-H3-2C and 
199-H4-12C may be related to increased turbidity caused by effectively surging the well. 

3.3 Analysis of the Constant-Rate Pumping Test Data 

The effects of changes in river stage, positive recharge boundaries (i.e. , injection well 199-H4-17), and 
slight variations in the discharge rate created challenges for estimating aquifer transmissivity. The storage 
coefficient could not be determined from the pumping test data because the observation wells are not 
completed in the same aquifer as the pumping wells. However, the close vertical proximity of observation 
well screens in water-bearing zones, relative to the pumped water-bearing zone, could be useful for 
qualitative interpretation of hydrologic properties of the RUM. 

Empirical methods can be used to estimate aquifer transmissivity from specific capacity data; however, 
these methods do not allow for the effects of positive recharge boundaries. Interception of such 
boundaries during constant-rate pumping tests was likely due to the proximity of the Columbia River, 
especially at well 199-H4-12C. The steep upward vertical gradient demonstrated by the nested 
piezometers at well 199-H4- I 5C would be expected to cause an apparent positive recharge boundary if 
the underlying aquitard was leaking. Columbia River stage fluctuated many times throughout the 42-day 
testing period, and a general increase in average Columbia River stage elevation of approximately 
0.3 to 0.6 m (I to 2 ft) was observed. 
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The unconfined aquifer monitored by wells 199-H3-2A and 199-H3-2B was affected by pumping from 
a water-bearing zone in the RUM at well I 99-H3-2C (Figure 2-8). Total drawdown in these two wells, 
located 7.5 and 7.8 m (24.5 and 25.7 ft) from the pumping well, was 0.2 m (0.7 ft) during the test period. 
When the pump in well 199-H4-12C was shut off, the water level in the two observation wells began to 
recover, confirming that the water-level decline at these two wells was due to drawdown caused by the 
pumping well. Closer to the Columbia River, the water-level elevation in the unconfined aquifer 
monitored by wells 199-H4-12A and 199-H4-l2B increased during the pumping test of well 199-H4-12C, 
showing the effect of generally rising river stage on these observation wells . The water level in 
observation wells monitoring the unconfined aquifer near well 199-H4-12C did not react to the pump 
shutoff but instead continued to follow the changing river stage. 

The water-level response at wells 199-H3-2A and 199-H3-2B (Figure 2-8) suggests a hydraulic 
connection between the water-bearing zone in the RUM pumped by well 1 99-H3-2C and the unconfined 
aquifer. It is difficult to determine from pumping test data whether the hydraulic connection is through 
a leaky aquitard or due to poor sealing of the well 199-H3-2C borehole; however, the steady drop in water 
level in the unconfined aquifer suggests that this is not a borehole issue but rather an issue ofleakage 
between zones. The geologic descriptions in the borehole log suggest that the RUM layers at 
well 199-H3-2C, which overlie the well screen, are more permeable than the geologic materials adjacent 
to the screen. The completion information in borehole log for well 199-H3-2C shows the existence of 
a bentonite seal above the well screen. The positive recharge boundary seen in the drawdown data 
(Figure 2-11) at approximately 250 minutes was likely due to the expanding cone of drawdown within 
the pumped water-bearing zone encountering leakage from the unconfined aquifer. 

An analysis of the drawdown and recovery data was conducted using the Cooper-Jacob straight-line 
method ("A Generalized Graphical Method for Evaluating Formation Constants and Summarizing Well 
Field History" [Cooper and Jacob, 1946]). This single-well analysis method was chosen due to the 
confined nature of each water-bearing zone tested and the lack of suitable same-aquifer observation wells. 
The Cooper-Jacob straight-line method was applied to the drawdown results in Figures 2-11 through 2-13 
and the recovery results in Figures 2-14 through 2-16. The calculations are marked on the graphs in these 
figures and are summarized in Table 3-2. 

Table 3-2. Estimates of Aquifer Transmissivity 

199-H3-2C 199-H4-12C 199-H4-15CS 
Analysis Method (frIday) (frIday) (frIday) 

Cooper-Jacob" method using drawdown datab 412 583 778 

Cooper-Jacoba method using recovery data 483 467 1,000 

Empirical - Oriscolc from specific capacity data 220 342 281 

a. "A Generalized Graphical Method for Evaluating Formation Constants and Summarizing Well Field History" 
(Cooper and Jacob, 1946). 

b. Transmissivity values estimated from the semi-log plots of drawdown data are considered best estimates in 
this document. 

c. Groundwater and Wells (Driscol, 1986). 
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During each test, the first 4 to 6 minutes of drawdown data from each pumping well are affected by 
casing storage effects. This is most clearly illustrated in Figure 2-13, where a sharp change in drawdown 
slope for pumping well 199-H4-15CS is encountered at approximately 6 minutes. The sand pack in this 
27.9 cm (I1-in.)-diameter borehole extends from 22.9 to 25.3 m (75 to 83 ft) below ground surface (bgs), 
which likely has different hydraulic properties than the surrounding natural formation, thereby potentially 
creating a more pronounced casing storage effect than would normally be expected. Therefore, drawdown 
data were analyzed after casing storage effects were negligible, and prior to when it appeared that 
a positive recharge boundary was encountered. Recovery data were analyzed after the effects of pump 
column backwash. A positive recharge boundary was encountered after approximately 110 minutes at 
well 199-H4-12C (Figure 2-12) and after approximately 300 minutes at well I 99-H3-2C (Figure 2-11). 

For comparison purposes, an empirical method (the Driscoll method, based on Estimating the 
Transmissivity of a Water Table Aquifer from the Specific Capacity of a Well [Theis, 1963]) was used 
to derive transmissivity estimates directly from long-term specific capacity data (Table 3-2); however, 
in this document, the transmissivity values derived using the Cooper-Jacob straight-line method (applied 
to the drawdown data) are considered to be the most valid estimate. Application of the Cooper-Jacob 
method to drawdown and recovery data provided similar transmissivity results for pumping 
wells 199-H3-2C and 199-H4-12C, with slight differences (about 10 percent) likely attributed to river 
stage effects. The recovery plot of well 199-H4-15CS was more strongly influenced by slightly declining 
river stage and, therefore, generated an exaggerated estimate of transmissivity (92.9 m2/day 
[1 ,000 ft2/day]). The estimate of transmissivity obtained from the drawdown data for well 199-H4-15CS 
is considered the better estimate (72.3 m2/day [778 rt2/day]). 

The transmissivity values obtained using the Cooper-Jacob drawdown method were approximately 
1.7 to 2.8 times greater than the transmissivity estimates obtained directly from specific capacity data 
using the empirical method, which is based on specific capacity of each well. 

Partial penetration of the water-bearing zones within the RUM, especially in the case of well 
199-H4-15CS, can explain why observed specific capacity was low relative to the transmissivity 
estimated using the Cooper-Jacob method. The borehole log for the four nested well completion at 
well 199-H4-15 describes numerous thin, fine-grained, possible water-bearing zones within the RUM 
between the screened depth interval of well 199-H4-15CS and the underlying basalt surface 
(Appendix A). The upward vertical gradient illustrated by the water levels in the nested observation 
wells (e.g., the basalt piezometer shows flowing artesian conditions) may explain both the apparent 
positive boundary effects as well as the higher-than-expected transmissivity given the relatively low 
specific capacity. 

As previously noted, borehole 199-H4-ISC contains four nested, 5.1 cm (2-in.)-diameter piezometers, 
each completed within separate, confined, water-bearing zones within and beneath the RUM. The bottom 
piezometer (199-H4-15CP) is screened within the basalt aquifer and contains flowing artesian water 
pressure (Table 2-4). This piezometer was not monitored during testing due to the flowing condition. 
Prior to the pumping test, the static groundwater levels demonstrated a fairly steep upward vertical 
gradient within the borehole (Table 2-4 and Appendix A). 

Figure 2-10 shows groundwater levels declining at the beginning of testing due to declining river stage. 
A hydraulic connection between different water-bearing zones within the RUM is possible; however, 
direct vertical leakage within borehole 199-H4-15C was not evident from testing. Instead, it appears that 
a leaky aquitard exists between the aquifer zone monitored by well screen (23.8 to 24.4 m [78 to 
80 ft] bgs) of the pumping well (l99-H4- ISCS) and the lower aquifer zone monitored by piezometer 
199-H4-15CR (screened 59.1 to 59.7 m [194 to 196 ft] bgs). Figure 2-10 clearly shows that the water 
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level in well \99-H4-1SCR did not respond to pump shut off at well \99-H4-1SCS for at least 
400 minutes. If the well borehole were poorly sealed, a more immediate response would have occurred 
at well \99-H4-1SCR following pump shutoff. There appears to be a delayed response to pumping 
wells 199-H4-1SCS at 199-H4-1SCR, which can be explained by leakage through the aquitard between 
the pumped water-bearing zone and the zone monitored by well \99-H4-\SCR. This interpretation is 
based on the delayed response at well \ 99-H4-1SCR relative to the response at wells 199-H4-1SCS or 
199-H4-1SCQ. Similar groundwater-level elevations and similar groundwater-level response at 
wells 199-H4-1SCS and 199-H4-ISCR to river stage changes in Figure 2-10 suggest that these two 
RUM water-bearing zones are distinct from the zone monitored by the deeper piezometer 199-H4-1SCQ 
and the unconfined zone monitored by well 199-H4-1SA. 

No discernable response was observed in the unconfined aquifer during testing, which is likely is due to 
masking of the drawdown due to river stage changes and contribution from injection at well 199-H4-17. 
The potential exists for more robust testing with less interference after the DX P&T system comes online 
and injection can be completely shut off in the 100-H Area prior to start up of the HX P&T system. 

3.4 Comparison to Previous Testing Results 
Previous testing and estimation of aquifer transmissivity and hydraulic conductivity were performed at 
two of the three wells (PNL-6448, Ground-Water Monitoring Compliance Projects for Hanford Site 
Facilities, Progress Reportfor the Period April 1 to June 30, 1987). Table 3-3 lists information 
summarized in PNL-6468 for these wells. 

Table 3·3. Summary of Hydrologic Testing Performed in 1987 

Screened Height Hydraulic 
Well Interval Water Transmissivity Conductivity Date 
Name (ft bgs) Formation Column (fr/day) (rt/day) Tested 

199-H3-2C 100 to 110 Ringold 70 600 60 4123/1987 

199-H4-12C 72 to 82 Ringold 46 1,400 140 412811987 

199-H4-15(S) 78 to 80 Ringold 50 -- -- --

Notes: Data in this table are from PNL·6468, Ground-Water Monitoring Compliance Projects for Hanford Site Facilities, 
Progress Reportfor the Period April 1 to June 30, 1987. 

Only a summary of the two tests was included in PNL-6468, and it was not clear if the results were 
included in any other published document. The information in Table 3-3 suggests that separate pumping 
tests were performed at wells I 99-H3-2C and 199-H4-l2C in April 1987; transmissivity was estimated 
from the drawdown data, and hydraulic conductivity was estimated by dividing the transmissivity value 
by the length of the screened interval. The 1987 transmissivity values listed for wells 199-H3-2C and 
199-H4-12C (Table 3-3) are similar in magnitude to the estimates generated from the 2009 data, although 
the positive recharge boundary may be responsible for higher estimate of transmissivity listed for 
well 199-H4-12C in PNL-6468. 
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4 Conclusions 

General conclusions based on the deep hexavalent chromium study at 100-H Area wells 199-H3-2C, 
199-H4-12C, and 199-H4-lSCS are presented below: 

• Wells 199-H3-2C, 199-H4-12C, and 199-H4-lSCS successfully yielded IS1.4, 7S.7, and IS.1 Llmin 
(40,20, and 4 gal/min), respectively. Final specific capacities of these wells were 10.18, IS.90, and 
13.04 Llmin per meter (0.82, 1.28, and LOS gal/minlft) of drawdown, respectively. Drawdown at two 
unconfined aquifer wells near pumping well 199-H3-2C was observed. Drawdown was not observed 
in the unconfined aquifer near pumping wells 199-H4-12C and 199-H4-lSCS. 

• Based on the production objective of using no more than SO percent of available drawdown, the 
ideal pumping rate for well 199-H3-2C would have been no greater than 90.8 Llmin (24 gal/min). 
Pumping at well 199-H4-12C could be marginally increased by S percent to 79.S Llmin 
(21 gal/min) using the same criterion. Pumping significantly more than IS.1 Llmin (4 gal/min) 
from well 199-H4-lSCS (a S.1 cm [2-in.] well) would likely result in excessive drawdown, 
although the test used only 8 percent of available drawdown. 

• Analysis of the drawdown data indicated transmissivity of tested zones of the RUM ranges from 
38.3 to 72.3 m2/day (412 to 778 ~/day) using the Cooper-Jacob straight-line method. The recovery 
data were slightly more affected by changes in Columbia River stage but had good correlation to the 
drawdown data for both wells 199-H3-2C and 199-H4-12C. Changes in Columbia River stage 
strongly affect groundwater levels in all three confined aquifer wells at ratios, ranging from 0.08 
(at well 199-H3-2C) to 0.30 (at well 199-H4-12C). The delay in relation to river stage changes ranged 
from 13 hours at well 199-H3-2C to less than 30 minutes at well 199-H4-12C. 

• Hexavalent chromium concentrations in wells 199-H4-12C (pumping 7S.7 Llmin [20 gal/min] for 
43 days) and 199-H4-lSCS (pumping IS.1 Llmin [4 gal/min] for nearly 6 hours) remained at 
approximately 100 f.1g/L during constant-rate pumping tests. Further inland at well 199-H3-2C 
(pumping IS.1 Llmin [4 gal/min]), hexavalent chromium concentrations ranged from S to S2 f.1g/L 
(generally increasing) during the 43-day constant-rate pumping test. 

• A water-level drawdown response of 0.2 m (0.7 ft) in the unconfined aquifer resulted from pumping 
a shallow RUM water-bearing zone for 42.3 days at well 199-H3-2C. The recovery response 
confirmed the hydraulic connection at this inland location. Examination of the borehole log for 
well 199-H3-2C suggests that layered RUM sediments with possibly higher permeability separate the 
screened zone from the unconfined aquifer, and leakage through these sediments accounts for the 
positive recharge boundary during the pumping test as well as the gradual drawdown in the 
unconfined aquifer. Groundwater mounding near the H Reactor or at the 183-H solar evaporation 
basins may have provided enough head to allow hexavalent chromium to enter permeable seams 
within the RUM that may be exposed to the unconfined aquifer beneath this area. 

• The pumping test data sets, including groundwater-level data from upper unconfined zones at all three 
test locations and lower zones at the 199-H4-lS nested well site, did not indicate borehole leakage 
effects (Le., the data did not show evidence that the pumping well boreholes were acting as conduits 
for the exchange of groundwater between different water-bearing zones). The data indicated that 
possible recharge boundaries may have strongly influenced the mid- to late draw down data for 
wells 199-H3-2C and 199-H4-12C. Late-time leakage through RUM aquitards below and possibly 
above the zone tapped by well 199-H4-lSCS appears to have influenced the drawdown in 
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well 199-H4-15CS. Partial penetration effects appear to affect data at this well due to the short screen 
length relative to the thickness of the water-bearing zone. 

• Comparison of historic and recent groundwater levels in well 199-H4-15 nested piezometers suggests 
the steepness of the upward vertical gradient has decreased in recent years. This decrease in vertical 
gradient may help explain concentration trends in both the confined RUM and unconfined 
aquifer zones. 

• While the rebound study showed that most monitoring wells sampled within the 1.00-H Area did not 
have a significant change in hexavalent chromium concentrations, at least one well (far-field 
well 199-H4-48) did show an increase when the P&T system was shut down. From June to 
October 2009, hexavalent chromium concentrations increased from 5.2 to 38.6 IlgIL. However, 
after average river stage climbed in November 2009 and the P&T system was restarted, hexavalent 
chromium concentration declined sharply at well 199-H4-48. 

• Of the pumped wells, only 199-H4-12C displayed a consistent trend of increasing hexavalent 
chromium concentration during the constant-rate pumping test (Figure 2-18). The increase of 10 to 
20 percent is not indicative of any particular source ofthe hexavalent chromium, and it is consistent 
with generally widespread occurrence of trace hexavalent chromium in the confined RUM water­
bearing zones in the vicinity of the 100-H Area. 

• Inspection of hexavalent chromium concentration versus time (Figures 2-20 through 2-22) does not 
indicate any clear concentration trends for hexavalent chromium in unconfined aquifer monitoring 
wells subsequent to temporary shutdown of the 100-H Area P&T system. Therefore, there is no 
support for any significant rebound of hexavalent chromium concentrations. 

• The results suggest that the most likely explanation for the origin of the hexavalent chromium in the 
RUM at the 100-H Area is from contaminated water that had passed through the reactor for cooling 
with up to 1 ppm hexavalent chromium and was subsequently discharged to the ground in sufficient 
quantities to form a mound. This mound provided sufficient hydraulic driving force to push into the 
upper RUM and mix with existing groundwater in the RUM, resulting in concentrations of one-tenth 
to one-thirtieth of the original cooling water. Concentrations decline inland, suggesting that 
a 100-H Area source is persistent and that cross-contamination via well bores is unlikely. 

• The results suggest that the zone of contamination has a finite areal extent, which can be remediated 
using P&T. Further characterization will be conducted via P&T. 
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Appendix A 

Test Well Construction Logs and Pump-and-Treat System Map 
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St.t. Drlllo,'. WA Ica'o 

II_a p. Gtecto Lie .,.,--0':.:',:;4'''-__ _ c-caINle_; II 501.240 E 2,254,m 
sUI'e Drtllt"' ea.pen, 

C~I 9rMM pet! ,,'" Locaelaru,,,,,,,,ick. WA Cal'd ':Mos da5IMlStd 1 __ 1 __ 1 __ _ 
U..,oelan DaC. Oat. 

lears": 9IolloyM C~loe.: 14!foyM GI'--' aurface (lU: 416.1 Easiactd 

DepS~ to ~s.r: 40.!·fS "0¥!6 
(Ground aurfac. ).t.I'!~:.!-~f..l.! ...i~IK!!!!!.I.U 

GlMllALlZlD GealOli.s" 
11IATlGUlltY LOI 

0004: IIOt caoa-tc .. 
4009: II l sy undY GIlAViL 
9-14: GIlAViL "Ic~ SAIID 
14-Z4, Illsy GIlAViL 
2'..,': ... GIlAWL 
5~1: SAIID 
51-51, Silty SAIID 

n- l'..,oclan of r.f.renc. polns: (411.42-fsl 
(t. of c .. lne' 
.. lillie of referenco poine Ibov.[ Z.,- ts ) 
I''''' surfeso 

1 DepC~ of surfac .... t 

Typo of aurfac .... l, Cposr.s • 
• It • 4 " , 6 to wetlF' IIId 

, M.O-Isl 

4 .ddl"." QCo''$sjyt ROISI 14-ln 
1.0. of "",fac. C"'"': (""'''' ,'f pr .... C) 

15-10,..' .. ' 
_( surfac. /MIlo So 10 Ie 

1.0. of rtM' pipe: 
Typo of rl •• r pipe' 
SlIln'". ISnl 

___ I OI_sf[ of bar .... ol.: 
ol_c.r of SUl'fec. hal.: 

I;~;~ ____ I Typo of fillar: 
'rtoy'ar btnsgnjs. 

---I DepO c. of ."l: 
Typo of Mfl: 
Yolcl,x Alll.S! 

----: DIP'" s. of .... pec;k; 
10=20 Ii' jca send 

-----: DIPCh c. ot ICr..-: 

: : 1 totnis!!~re:! 1511' 
•• •• ... ----1 -- DepO boct~ ot ICr..-: 

- 1 •• ___ 1 OIPCII boct~ of bor .... olo: 

[ 6-ln 

[ 35.0-fs ) 

[ IoS.0-ft I 

( SO.O-ts I 

, SS ,O-ts ) 

, 5',0-f5) 

Dr ... '", Iy: 1!C1I'I!!]f92i.ASI D.C.: ___ _ 

•• ferenco: KAI'9!O WILLS 
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WELL CONSTRUCTION AND COMPLETION SUMMARY AS-BUILT 
Ddn9 Coble Tool 

Sample WELl. 
799-HJ-2C 

TENf'OIWf( 
Method: "'\hod: HUMBER: WEll. NO.: 

~: Water 
~ Honford 
IJMd: Coordlnoter.N/S E/'« .-.. D. Garcia IVA SteM 114J stat. 

Nome: Uc. No.: ~: N £ 

0rtIInt OnwttgQ Drilling ~ Kennewick 
Start 

Compar1y. Cord , : T_R __ S 

DoU 
8/12.L6.~ 

DIM 
1,)/1"'/R~ 

o...otion 
StarWcI: Complete: On>und Surf_ (ft): IN£. 

o.pttI to WGtr. ~l Q 
o-tIon or co8l119' ---1t:Jf 

DGto -....: GI:!llagi:d.':I, IQQ 

GENERAUZED L o-tIon or Nf_.,. point: ~ 

STRATIGRAPHY 

5-55: SANDY GRAVCL t ... ~ :. : . • .. oJ Conctwte pod dlmeMlon.: .,.(4 
55- 60: Ringold Fm. 

I 
r---- o.,tI\ or .lnfoo. _I: ~ 

60-65: CLAYEY SANDY GRAVfL T,.,.. or .lnfoce _I: CIlIlC(ete 
65-75: SILTY SAND with CLAY ct CALlCHr 
75-85: CLAID SANDY SILT 
85-100: SANDY SILT 1.0 . or ... rfoc. ......09 (If ,...nt): -.lilA 
700-1 '0: CLAYEY SILTY SAND r,.,.. or eurfo~ co8I09: N/A 
170-720: GRAVEllY SILTY SAND 
720-155: CLAYEY SILTY SAND 0epIII or eurt_ _Ing: ---1l.fA 

1.0. of rIeer pipe: ~ 
r,.,.. of rlMr pipe: 

SS 304 Sch ZO/4D. • 
f---- 0I0nwt .. or boroIhoIe: 12-111. 
~ 0i0nMt.. or perforated boreIIoI8 CCI8InoJ: N/A 

~ 
T,.,.. or filler: 

8eatQaitl 1hI.Cl)! 

I 
o-tIon/~ of lop of MOl: ----B.lD 

~ 
r,.,.. or MOl: 2 t.f.-iD. ~o.u:l~ tal:.!llIts 

o-tIon/~ of top of AQ'~ ~ 
T,.,.. of er-t poclc 70~~, 

2Q/ ~Q alD.,,," wd. 

o-tIon/~ of lop of _" 1= ,.,t-'loft: ~ 
1= o-:.1pIIon of ......vperforatlon: ___ 
1= 
1= ZU::s/att. oS oS Ja~ 

1= 
1= 

~-i!1, 1- LO. of __ eectioIr. 
~ o-tIon/~ of bciotlom or --V 

perforation: --.llSl:Q 

r- o-tIon/bI!!!L of bottem of trawl pocIc --..1..1M 
o-tlon~ of bottem of ~ 
pIv9ged 8ectIon: 

T,... or filler ..... pIuned -'Ion: 

I~ 
Bentonite s/u~ 17.5-1 55.0J 

~~ Hot~ .. I Bentonite peHets (115.5- 117.5) 
: InavMdent OotG 

--ill!} EIe¥otion/.Mdl.. of bcoltom of ~ 

EIeYotion/.!l!d!. of rem ....... ~: ~ 
11831752\14950 
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Orl lline Stllpl. Merca tool ~LL TIN'ClUIY 
Metbod: cab" ,.1 .-thod: Prly. becr,l ....... : '99-!I4-'ZA ~LL 1101 'H-TC16 
Orllline ~Ielvee IlenfOl'tt 
Plultt .,...,'..lMe ... Cr ______ UMtti !!Ot *$'",'111 Coer.,l",e .. , 11/1 • !t,54! .'" \I H,'" 
Driller'. WA "e'. ltect 
"'1 p. LydSlI. Lie IIrl......l ... m ____ _ 
Drllline ea.p.n, 

Cotnalne' .. : II 501,01 I 2'256,221 
lear' 

CGIIipInrI qrwe prflll.. Locetion,lvais", II CaN 't!O' • ...,etd 
IlevIClon 

' __ ._1 __ -
De,. Ottl 
I'trt_ i&iSM CoIpl.tea ",gyM 

CilllULIUO GeolOllac'. 
nlATlGlAlILY LOI 

0-5, ar.well, .'l,y fl .. 
co very fine UIID 

S-1h Illty ... GllAViL 
11-14 • ..., GllAViL 
l4-B, &lAWL ,,'e" UIID 
35-40, ... &lAViL 
40:045: GrtvtUy UIID 
45 ... " ..., &lAWL 
51 ... 2, .'''''tt, br_ CUY 

... CALlat 

,. 
;. ;. 
;. 

fir .... turf •• CfU, 411.9 1!lI_ttd 

Elev.clon of r.fer_. polne: [413.'0- ftl 
(top of satlne) 
II. I tile of r.fer_. point ebow( 2.'- tc 1 
.,. .... IWftc. 

I DtptII of turf ..... l ( CH.'-fS) 

Type of turftc. Hll: ~ 

t llufjl.:U :C!1:T~ 
1.0. 0 turftce c .. "" , S.m J 
Clfpr ... U 

SUrf .. ",l. c. 10 't 

1.0. of riser pipe, 
'ype 0' riser pipe' 
IS,'O'" .,.t 

."---1 OI_e.,. of ........ l.: 
DI_e.,. of turftce "ol., 
'ype 0' "U.,.I 
f:29 ... ' ... 'Ir bIoSM't. 

1 1."---1 DeptII cop of Hll: 
:,.1 Type of ... l: "'-'0 v.l,lay 'Ib"s, 
."---1 .. tit cop 0' ... ptell: 

• • • .! •• •• 

19:. "'" .'lls .. ... 

..,ell lop of ler ... : 
'-In. ZO-.lll 
Jp4 ",Inl ... "~Ill 

• ... '0- In ttleacopl", ICr ... 
• • 37.5-47.'-'e, 14O-.loe •• : .... ! __ ...Irl Dlpe" ban .. 0' ICr.." .,- , 
• '1.'---1 D.e" ban_ of bonnol., 

, '-In 

( Z6,O-ft J 

( lA.O-ft J 

, 41.0- 's J 

, 41·9- ts I 

Dr."ne '" U"'II4I'ZA.MI 

t,'er.au MI,. \tILLI 

0.'1' __ _ 

•• 
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Or'll'.. ,.-pl. N.rd tool Ylll TtMPORAI' 
... tfIod: '_I. loal Methadr Rr'Y' blrr.l 
Ar'll'" Add't'v.e 

..... : '99'II4-'D Ylll NO: ,.-"" 
""'ford 

Hu,d U8td:_"'-.JtL.JItra..-____ U.ech .ot .,..,ttd 
Driller', WA St.t. 

Coord, ... t .. :." • ,.,HI I'" V H,"' 
St.t. 

,,_: O. _U llc "rl" ..... ' ... m _____ _ 
Arllli", C~ 

Coordhlllt .. , " "'.Tl'O I 2,m,ZOI 
It.rt 

ec.p.n,1 CDe!p PrI"'" loces'GrI:r.".,,'ck, M8 
D.t. D.,. 

Card ':Ig' dpcsantM ,_ ._'_ 
IteotMh," 

Sterttd: ZlpstM ,..,I.t.: 1l!oyM ClrGU'd _fee. (fU, 411,0 'I"astd 

n.-----I Ill¥9ttGrl of ref.'Int. points tUl,$Z·ft1 
nett of CMI"" 
Me''''t of r.f_ potnt -.,., Z,"ft 1 
.,...,., turfee. 

CIMIIAlIZID Geel .. ,.t', 
srIAUGI.,..., lot 

~I Silty, ~ auWl. 
5-Z9, ... IllAYll 
29-.,,: ~ .AVll !11th C~ 

c-.std bet_ Ir.'". '-''I .... SA.., WI" .t 36-'t 
•• 5-42: C .... ttd .~ GlAVll, 

d1cev-l _"",'c. 
4Z""': GrltY''''' SA., 
,MO,S: ,.. 
50.""" 1,,,,,ld • 'flty ,.. v,th 

CUt ... CAlle. 

I DIpttt 0' tur' __ I r "",O-ftl 

'."e .f surfee .... t1Cftt:ete 
4 It I • tt I • 'n ~~ 
, tgU'd'ltlDS gr.IICIIy! pots, 14·''1 
• ,0. of ,urfee. c"''': « • .."., I 
(If pr"",U 

..........., turfee. hoi. t. 10 't 
15· ''I "., ... 1 

• ,D. 0' rlaer P'pe: 
type .f d.er p'pe: ",'nl .. , Itnl 

l '-''I 

.. 1 ___ 1 D'_ter of ber .... I" m"a ,.. 
O._t.r .f _fee. hoi.: (15"n nse1 

I,m:----I 'ype 0' fltler: I t=zO "'" ·nhe ","san' I • 
.... ---1 I)opSh t. of Ha': ( H,O'ft 1 

'ype of ... l: 
1/4·''1 !pIc,,, 'Ib"" 

1 Ao,th top of .... peck: t 4O.0-ft J 
19-19 ..... ,U'SI H!!!I 

o.,rth top of SCr'''''' C '~.g·U J • • 6·tn • m'llll • .. ID! 1llloili. 11111 • • r: Do,tlt bon. of sc:r .. ,,, l ".P-f, J • ... 
I- I hpth bon. of .... _." ( ~'.g·fS J 

Or ... '", Iy: 1ILI1!!!1'D,AH 0.,., __ _ 
l .. fIIrw:.: lMI,gn !ILLS 
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WILL COItSTIlUCTlCII lID a.UTlOII UNlY 

o,.fllI.,. I ... ', UELL TE~A.Y 
M,thod: Ctlpl, tool Methcld, OrIn bern' 
o,.fI "'" W:thlfttl 

.... : '''·M·'ac UEll JIG: III-IC1C 
"",ford 

,."Id U. •• h...;"'lIatllltrL-... ____ U.«b lot d!pc\M!'''' ClICINfftlt"1 1/1 I ".'ll E/V" 31.14' 
Itlt • Or'll,r" ~ Itat, 

.... , L. "'It- LIe .r' . ....;.OOHgox ___ _ 
Or ttl I.,. ec.pantf 

C ...... I .. '". • al,rn I ',256,232 
Itlrt 

~: QrMII DeB"", Loeatt.ulll'l",cig. \Il c.rd ',1tS dDgM1U!lI '_._ ,_ 
Oat. Data elewtl., 
Start"': 124'''' C,..,lat., IIlOcIM Gr .... IWfece (ft): 41p.6 l.tI_ttd 

GllllAllteO CeolotCIS'a 
ITItATIGIU'" Lot 

IMI I"" GlAVIL 
'-tOl ...., GlAViL "fm liLT I .... 
'''"'9: I~ GUViL 
4M41 IHty, hNfy CIlAvn 
"",9, Itl ty GUViL 
,,..,,, IInwlly SILT '''-19, IInwlly, cl~ SILT 
7'9-141 .,.".tt y liLT 
84-92: Silty ... 
92"': Iftty ... "IttI CAlIC1ll 
9feo11'5: lUcy SAIII "'th 

CUT ... CALICIII 
'",,'7'9: e'~ ... 
'79-'94, Cl~ III T 
'''-2Of1 lendr lILT "'th CUY 
Z0f002'9, 1ft cy SAIID w,th CUy 
Z',..ZZlh .. lty ... 

!lOTI, 
IIot. __ f I led .",.. ... 1. 
below '7"·ft. 

Dr.'.,. ..,: mIlI!f4!IZC.AB 

.. for_o: W,. !!ILLS 

III 

• • • • • • • • • • 

It...,."., of r",,-, pelnt! 1"'l.52·ttl 
(t., of CHt.,., 
... ,"" of r.f.,-. pel", Ibow{ 2,9·ts J 
....... _f.e. 

I. o.ptll of lUff ..... 1 

Type ef lUff .. I.t I carts. 
, It I , '1 •• In ... , •• MIl 
" 'PUI-'atIDS pr!SICS'yr pptt. 

I,D, of rf •• r "pel 
Type of cl.er ,fpe: 
SO! .tafnt". .t", 
lor .... '. dl ... t .... s-60-'tl 

I M,O-fSJ 

( .. tn J 

[!J·ln ,., 

Type of ffllerl • 
grnd- _Wl'st. S-•• ,. ft 
""'WI't •• lura. ..H'- 'S 

---I 0.11 t., .f _It ( 61.0' ts J 
I Type of _l:Ytte'_ ",I". 
• I Oeptll to, of .... .-tn { H.,-fS J 

f 

'HI· Z9:'9. 20:61 
..... 'l'e. 'Ind 

-I """"" dt ... tar, ~'n·ft (!J"n raJ 

0_" t., of ICr"", 
6·'n I1p·,\.t 
104 ,t,'nl". "fI' 

( n.o-IS J 

: : ,I 0.11 beu_ of ,cc..,: 

• ... _-"""! 
( g.g." J 

I ... --I O.,m. beu_ of ,wd ~: , IT.O·ft J 

'---I I .... t.,'to pello ... 17.0-92.0-.t 
lent.,tt. slurry, 9Z.P-l2O.0· 't 

----I '.",fIo\. d, ... ter. ,,(,oeZZO ft ".," 

----I 0.11 beU_ .f bec .... l.: , ZZO,O·fU 

00'.: __ _ 
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IoI(ll CONstlUCTIOI Alii aJIIIUTlOI SUIWI' 

Orllll", S~I. '.~d tool WILL 'E~n 
Med.ad: e",l. t!'ll "etllod, Rrh • ..,,,, .... , '''·M·n. we,," 110: 'M' ,caa 
Rrl"1", Addls'..- lIenfo," 
'Iufd U.Mf: .. VtIl.llLlSostr!.-____ lb.t' !loS dp!;\a!'!tn C.rdl ... ,",.,. II n.g1l I/V ,,]f. ItT 
Or"lar" wa St.t. Stat. 
... , I. 0\',," I.le .r: .... 1LIII.JJ1lL.... __ _ COlM'dI".,",1I __ '..,OZ ........ 21 ... 1L...._ I 2.25'.'19 
Drill.", C~ Itert 
(...,..", QrMIP Dr!' \ I,. l.oeASftIl'IIC""",tcli. '" eertf ':Ips stpgantMf 1' __ ' __ '_ 
D.t. D.t. 
'''rt!lh lMn. Ca.pl.t.: 11"""" 

Oepttl ,. we'ar, 32.'· U .... 
(cw .... -"c')29,O"t Jv'" 

GlMflALIZID Geolatflt ' • STI.' lUi.,.,. Lat 

0-2: SAle , GIlAWl 
Me SAIII 
S-t4t IA*I, GUvtL , IaADIIS 
1~1': GII.Wl wi sll SA .. & IOUlOUS 
'90046: ,...., GUW\. 

Il"IOld ,., .t 44·ft 

• • • • 

!lw.tl_ 
G," _feu eft), •• g lat'.,Id 

f.,.. of _fee. _.1 % Cg!q.S. 
4 ft I :\ ft I • In .flC! ad 
4 •• d'at." DOIlieS'" MSI 
1.0. of _fee. e_t",s 
(t'tIr"IfIU 

~---: SUrfee. hoi. t. 10 It 
"·1" ~"'I d'_t., 

1.0. of ,1 • ., pipet 
Type of rl,ef' plPl! 
SI.ln'_ II .. , 

---I Df_tlf' of be~""".1 

Wi!----I Type of 'f1lere 
... 29 ...... r""ltc bInS.,lt. 

---I Otpdl tCIP.f '"'I 

HI :: 
• 

• • • • • 
• i · ;. • • .; 
.i 
.; 
.; ... -
• 

''''' of ... 1: 
'''·1" NellY t.,t. 
04tJt1l top .f , .... ,.elu 
10-29 ..... flle. Hr!d 

I O~tll top of 1Cr"": 
t· In. me,llS 
lOt 'I'!"'", IS", 
10-1" t.toscllltl", Kr"" 
J2-4Z·'t. ~O·.lot 

'-----....... ---1 Otptll lion. of bet .... l.' 

Orllll". ..,: m.J1-4I1M.- 0.1.1 __ _ 
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Wfll CIIIITIlUCTlCII AIID COIfIUTIOI ~IT 

Drlll'ng S.-pl ••• rd tool 
... thod: Ctbl, tool ... thod: pr.'!! borr.l 

\llEll T!MIICIU' 
IUIIII: '99·114"51 WILL NO: '.·ICZI 
Minford Dr.ll'ng Add.S',,-

fluid U,td,-"II!!I!U'3j.rL..-____ tletd: !ot d!!cu!!!!!'td CoordINS .. : lIS I V.0]2 !I\I" 39,212 
St.S. Drllter', WI St.t. 

11_= 5. olIO!! LIe .r:-l' ... 2~1T ...... __ _ 
Drflt'nt C~ 

Coordl",s .. : II 'R.m ! 2,255,,,, 
SterS 

CCIIpeny: QrMIO pr'" 'M loc.t!on:IC..,..,lek. 1M c.rd .: .. t .,."std ,_ 1 __ ,_ 
ftt'!!slon D.t. D.t. 

St.rttd: 11!ICNM ea.t.t.: 19!!oy16 ~rOU"d _fte. (ft): 494.7 I,tt_ttd 

Dtptft So .. Ser: B,o·n .""" 
(GrOU"d _fte.)20,0·'S Jul?' 

GEIIIIAlllEO eeoIOlI,S" 
STIATtGltAIIlt' lot 

Mr SAJID & GllAVlL 
(Itekf.tl 'ncluded) 

5-14, GllAWL ,,'tll SA .. 
14-)9: ..,. GllAVll 
390043: Or_tty SAID 
43-44: S.tty SAID "'SII CLA' 

(Top of IlfntOld _lund 
It 41-ft) 

n o----- I Et_,lon of r.f.rene. polnS: (406.92-'t) 
I (top of c .. lng) 

... : M.ftllt of r.ferenc. po'n, ibove( Z,2·', ) 
I. ,rOU"d 1Ur' te. 
• I D.,. of _fte. 'ttl 

Type of surfec. ,.,1: cone,.t. 
4 ft • 4 ft • 6 In _fec • ., 
4 IPNld"'lDt prtS:fS'YI polS, 
I.D, of _fecI c .. ngl 
(If pr."nt) 

. -I SUffte. IIot. to 10,'t 
15·ln a.INl d'_t.r 

• ____ 1 1.0. of rl,er Itl",: 
Type of riser pI",: 
St •• nIN Itttl 

( M.O·'s) 

14,In 
( • .",., J 

( 6"D 

.----1 D'_t.r of bortflol.: (11,'" /'!!!!!II 

6il:---1 Type of 'Hl.r: 
:.'. 1 H9 ..... v..,l.r blnsonl Sl 

___ I D""" Sop of ,.,1: ( 25,O·fS I 

• • • 

Type of • .,1: 
1/4·ln VOlel" slbt.t, 

---I D." top of und JttCk: 
10;0 ..... f PH ,Ind 

-----1 0.11 top of Ie,,,": : I '·'n. ZO·,los 
]O! .S.'n'" •• t", 

.... ----: D..,s" bott~ of Ie,,,": 

!...-2 1 ____ ..... ---1 Det'tll bott~ 0' bor"'ol.: 

( ]2.0'" J 

[ ]l,p·'t J 

( 4Z,O·'t I 

( 44.9,', I 

Dn"f", Iy: ml1"""H,AH 0.1.: ___ _ 

I.f.rene.: ItAlfQIO WIllS 

A·a 
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DrHlI", s.,t. "" toeU Will TIfIICIUI'f 
Retttod: !jIb1. toel ... tIMId: ,r'Y' ..,.,., 
DrUlI", AdltfUwe 

.... : 1"·M·1S WIll 110: lB·g 
1IMf .... 

FluId UHd:..lIMt.ailllCi..-____ UHd. ItS ... '" ~, .. t ... lit • nom IIV" ".1. 
~t' IlCt. UIl tt •• St •• 
.... I. CIt_ Ue ... :-=9 ____ _ 
Drt I I t", c...", 

~, .. toe. • "'.m I I_W.IR 
Itwt 

~. P'MW trm'N l.-tf_:qnwrtcl!_ MI c .... ,,_... "" . , __ 1_ ,_ 
tet. let. II_t'_ 
It .... edt tl!:_ ~ ••• ,. r • ...... turf ... (fU: MIS.' bt,.,111 

.... t._tlC.~ 
CT. -''''' • : 
... 1-mlAY'''''''' ...... '.t·.l .. 

""" ..... IMWL, .... It'e ,,'tit fI .. te .... 'UI .... 
"","I IIlty, ....... , tep 

ef ...... d.t &6't 
"... ... Ity'" 
....s. Ir8welly lilT 
... ,,: Ir..,.lly, eleyey SILT 
".... Ir8welly tILT 
., .... Ity_ 
,.'B. CUT ... CAlICM 
la-I". Cl~ tiLT "'''' _ 

... CAlia. 
,.,,,. IUty .. "'''' CUT 
118-1", tUty .. ",ttl 

CUT'" CAlia. 
190001", .. I ty .. ,,' ttl CUT 
",...: CI~, .... liLT 
Z02-207: "". .. "'ttl liLT 

... CAlICIII 
2IJ7oo212: "". .. 
211-195: CUT 
m-iM: tUty CUT "'''' .. __ .,: CUT 

]85ooJ14: tllty CUT "'ttl CAlICIII 
JI400R2: IAUl T <clerll .,.." 
J22ooDO: IAUl T (cIIIrIr ....... ,,' ttl 

,..1 ,_ w-tlrwt el." 

, • I 
• I I'_t'_ ef ref...-.nte PO'nt: [W.44,'t, 

(tCilt ef -''''' t ~, 
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Table B·1. Well 199·H3·2C Step·Drawdown Test Sample Results 

Pumping Pump Hexavalent 
Time Rate Chromium Turbidity Condo Temp. 
(min) Time (gal/min) (mglL) (NTU) (¢i/em) (C) pH 

0 09:15 0 .- .. -. -- --

5 09:20 \0.4 0.039 _. -- .- --

18 09:33 \0.4 0.028 -- -- -- --

40 09:55 10.6 0.021 -- -- -- --

45 10:00 10.4 0.019 -- -- -- --

60 10: 15 10.6 0.016 -- -- -- --

110 11 :05 10.6 0.014 0.94 247.6 23.4 8.05 

115 11: 10 20.8 0.015 -- -- -- --

125 11 :20 20.6 0.021 -- -- -- --

140 11 :35 20.6 0.015 -- -- -- --

155 11 :50 20.6 0.013 -- -- -- --

170 12:05 20.6 0.013 -- -- -- --

230 13:05 20.6 0.012 0.64 254.1 23.2 8.03 

237 13:12 40.9 0.022 -- -- -- --

245 13:20 41 0.016 -- -- -- --

262 13:37 41 0.011 -- -- -- --

277 13:52 40.8 0.011 -- -- -- --

292 14:07 40.8 0.009 -- -- -- --

352 15 :07 40.2 0.009 0.64 270.8 23 .2 8.05 

359 15:14 
Pump -- -- -- -- --

shut off 
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Table B-2. Well 199·H4·12C Step·Drawdown Test Sample Results 

Pumping Pump Hexavalent 
Time Rate Chromium Turbidity Condo Temp. 
(min) Time (gaVmin) (mglL) (NTU) (pS/cm) (OC) pH 

0 09:10 0 -- -- -- -- --

5 09:15 5.5 0.098 -- -- -- --
14 09:24 5.5 0.099 -- -- -- --

28 09:38 5.5 0.095 -- -- -- --

43 09:53 5.5 0.1 -- -- -- --

llO 11:00 10.1 0.099 0.49 257.9 22.4 7.85 

121 11:11 10.3 0.104 -- -- -- --

129 11: 19 10.1 0.105 -- -- -- --

144 11:34 9.9 0.106 -- -- -- --
158 11 :48 20.2 0.105 -- -- -- --

231 13:01 20.3 0.099 0.59 250 20.8 8.1 

240 13:10 20.3 0.101 -- -- -- --

249 13:19 20.2 0.103 -- -- -- --

277 13:47 20.2 0.105 -- -- -- --

347 14:57 20.2 0.095 0.57 248 21.2 8.11 

355 15:05 
Pump -- -- -- -- --shut off 
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Table B·3. Well 199·H4·15CS Step·Drawdown Test Sample Results 

Pumping Pump Hexavalent 
Time 10/2712009 . Rate Chromium Turbidity Condo Temp. 
(min) Time (gal/min) (mgIL) (NTU) (pS/cm) (C) pH 

0 07:38 0 -- -- -- -- --

5 07:43 2 0.106 -- -- -- --

10 07:48 3 0.108 28 285 15 .3 7.45 

30 08:08 3 0.108 0.6 273 16.7 8.03 

45 08:23 3 0.109 -- -- -- --

60 08:38 3 0.106 -- -- -- --

120 09:38 3 0.103 0.32 272 18.3 8.14 

133 09:51 4 0.102 0.36 280 18.6 8.0 I 

143 10:01 4 0.102 -- -- -- --

158 10:16 4 0.103 0.27 278 18.9 8.17 

173 10:31 4 0.102 -- -- -- --

188 10:46 4 0.104 0.39 265 19.1 8.2 

248 11 :46 4 0.104 0.32 269 18.9 8.22 

368 13:46 4 0.104 0.62 265 19.1 8.25 

428 14:46 
Pump 

0.108 0.5 266 19.1 8.24 
shut off 
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Table 8·4. Chemical Sample Data for Constant· Rate Aquifer Test at Well 199·H3·2C 

Laboratory Results 
Hexavalent for Hexavalent 

Sample Date Chromium Chromium Turbidity Temp. Condo 
(Time) (mg/L) (mgIL) (NTU) pH (q (JlS/cm) 

912112009 (09:33) 0.006 -- 2.12 7.83 19.3 259.8 

9/2 112009 (09:43) 0.018 -- 2.12 7.19 19.5 302.6 

9/21/2009 (09:58) 0.016 0.0102 2.79 7.77 19.9 329.7 

9/2112009 (10:14) 0.016 -- 2.03 7.79 19.9 265.8 

9/2112009 (10:29) 0.019 -- 1.53 7.94 19.6 272.8 

912112009 (11 :29) 0.026 -- 4.54 7.93 20.1 257.4 

9/2112009 (13 :29) 0.018 -- 0.37 7.6 20.7 259.3 

9121/2009 (15:00) 0.014 
0.0109 

0.57 6.98 20.5 256.4 
(duplicate 0.0107) 

912212009 (13:49) 0.007 -- N/D 7.8 21.5 462 

912312009 (12:30) 0.005 -- 0.23 8.05 21.8 257 

9/2412009 (12:45) 0.018 -- 0.51 7.77 21.8 792 

9/2512009 (08:35) 0.018 -- 1.76 7.95 20.7 250 

912512009 (10:00) 0.019 -- 0.14 8.05 20.4 240 

912612009 (08:45) 0.030 -- 5.19 7.31 20.3 238 

9/27/2009 (05:45) 0.018 -- 0.69 7.8 19 241 

9/29/2009 (14:36) 0.023 -- 0.24 7.83 20.1 266 

9/3012009 (10:00) 0.023 
0.0304 

0. 13 8.1 20.4 244 
(duplicate 0.0305) 

101112009 (ll :20) 0.035 0.0350 0.35 8.07 20.1 233.7 

10/2/2009 (07:00) 0.030 -- 41.9 8.2 17.9 232.2 

10/3/2009 (06:20) 0.037 -- 1.83 8.11 18.3 233.3 

10/412009 (07:00) 0.044 -- 0.87 7.84 19.6 236.8 

1015/2009 (13:50) 0.990 -- 35.2 7.92 21.5 783.9 

10/6/2009 (10:51) 0.052 0.0287 10.6 8.2 20.7 236.3 

101712009 (08:40) 0.045 -- 4.59 8.16 19.4 237.6 

10/8/2009 (09:00) 0.04 -- 6.57 8.05 19.8 236.9 
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Table 8·4. Chemical Sample Data for Constant·Rate Aquifer Test at Well 199·H3·2C 

Laboratory Results 
Hexavalent for Hexavalent 

Sample Date Chromium Chromium Turbidity Temp. Condo 
(Time) (mglL) (mglL) (NTU) pH (C) (pS/em) 

10/912009 (08:08) 0.03 0.0335 0.49 8.06 20.3 237.4 

10/1012009 (06:50) 0.033 -- 0.07 7.89 18 .1 237.7 

1011112009 (10:00) 0.032 -- 0. 15 7.59 19.1 254 

10/12/2009 (09:30) 0.033 -- 0.61 8.01 19.5 234.9 

10/13/2009 (08: 15) 0.029 0.0349 0.14 8.12 20.8 244 

10/ 1412009 (09:45) 0.028 -- 0.17 8.13 19.2 244.1 

10/1512009 (10:21) 0.021 -- 0.06 8.05 20.6 244.6 

10116/2009 (06:00) 0.024 -- 0.06 7.24 19.1 249.1 

10117/2009 (06:00) 0.03 -- 0.05 7.7 1 18.7 240.3 

10/ 18/2009 (07:43) 0.031 -- 0.07 7.95 18.1 250.9 

10/19/2009 (08:28) 0.031 -- 0.2 1 7.92 19.3 243.2 

10/2012009 (10 :25) 0.033 0.0331 0.25 7.81 20.9 252 

1012112009 (10:40) 0.031 -- 0.21 7.73 21.9 253 

10/22/2009 (09:30) 0.032 -- 0.26 7.88 21.2 250 

10123/2009 (06:50) 0.031 
0.0337 

0.09 7.89 20.8 243 
(duplicate 0.0333) 

1012412009 (09:00) 0.033 -- 0.16 7.81 20.7 254 

10/25/2009 (06 :30) 0.03 -- 0.21 7.8 19.2 252 

10/2612009 (09:40) 0.027 -- 0.11 7.81 20.4 251 

10127/2009 (11 :32) 0.03 -- 0.18 7.86 20.1 245 

1113/2009 (15 :02) 0.037 -- 0.16 7.33 20.1 265 
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Table B·S. Chemical Sample Data for Constant· Rate Aquifer Test at Well 199·H4·12C 

Laboratory Results 
Hexavalent for Hexavalent 

Sample Date Chromium Chromium Turbidity Temp. Condo 
(Time) (mg/L) (mg/L) (NTU) pH eC) (J.IS/cm) 

9/2112009 (09:44) 0.098 -- 2.47 7.8 20.2 258.3 

9/2112009 (09:54) 0.097 -- 2.05 8.03 18.9 250.4 

9/2112009 (10:09) 0.096 0.093 0.88 8.06 18.6 249.8 

9/2112009 (10 :23) 0.098 -- 1.01 7.95 18.9 248.9 

9/21/2009 (10:37) 0.100 -- 0.97 7.9 18.9 249.6 

9/2112009 (11 :38) 0.097 -- 0.44 8.1 19.4 249 

9/2112009 (13 :38) 0.100 -- 0.25 . 8.13 19.8 247.9 

9/21/2009 (15:00) 0.101 0.093 0.25 8.12 19.8 247.1 

9/23/2009 (12:30) 0.091 -- 0.23 7.89 21.8 243 

9/24/2009 (12 :45) 0.095 -- 0.14 7.9 21.6 357.7 

9/25/2009 (08 :35) 0.084 -- 0.14 8.04 19.7 246 

9/25/2009 (08:35) 0.084 -- 0.14 8.04 19.7 246 

9/26/2009 (08:45) 0.091 -- 0.14 7.82 20.3 244 

9/27/2009 (05 :45) 0.086 -- 0.22 8 19 246 

9/29/2009 (14:36) 0.090 -- 0.18 7.08 21 308 

9/30/2009 (10:00) 0.084 
0.091 

0.09 7.88 22 375.1 
(duplicate 0.091) 

1011/2009 (11:20) 0.094 -- 0.08 7.97 21.1 232.2 

10/2/2009 (07: (5) 0.098 -- 0.17 7.8 19.4 235.9 

10/3/2009 (06:20) 0.090 -- 0.14 7.93 18 236.3 

10/4/2009 (07:00) 0.102 -- 1.13 8.08 19 233.3 

10/5/2009 (13 :50) 0.095 -- 0.11 8.06 20.2 230.6 

10/6/2009 (10 :51) 0.098 0.099 0.22 7.99 20.8 228.7 

101712009 (08:35) 0.097 -- 0.15 8.02 19.1 231 .3 

10/8/2009 (09:00) 0.097 -- 0.07 8.07 21.1 242.3 

10/9/2009 (08:00) 0.099 0.102 0.07 7.8 20.1 230.9 

lOll 0/2009 (07:50) 0.102 -- 0.08 7.98 18 230.8 
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Table B·5. Chemical Sample Data for Constant· Rate Aquifer Test at Well 199·H4·12C 

Laboratory Results 
Hexavalent for Hexavalent 

Sample Date Chromium Chromium Turbidity Temp. Condo 
(Time) (mg/L) (mg/L) (NTU) pH (OC) (pS/cm) 

10/11/2009 (10:00) 0.103 -- 0.14 8.03 19.2 245 

10/12/2009 (09:30) 0.101 -- 0.07 8.01 20.5 230.5 

10/13/2009 (08: 15) 0.099 0.107 0.09 8.02 21.9 236.7 

10/ 14/2009 (08:55) 0.097 -- 0.07 8.15 20 237.4 

10/15/2009 (10:14) 0.094 -- 0.05 7.98 20.4 236.3 

10/ 16/2009 (06:00) 0.095 -- 0.06 8.11 19.6 235.8 

10/1 7/2009 (06:00) 0.104 -- 0.03 7.72 18.7 253.5 

10/1 8/2009 (07:38) 0.1 08 -- 0.08 7.76 18.5 238.4 

10/19/2009 (08 :34) 0.1 07 0.113 0.25 8.03 20 237.1 

10/20/2009 (10:55) 0.11 0.1 10 0.17 7.98 20.5 243 

1012112009 (10:30) 0.108 -- 0.37 7.84 21 243 

10/22/2009 (09:30) 0.112 -- 0.28 7.7 20.9 246 

10/23/2009 (07:15) 0.105 
0.112 

0.09 7.92 20.1 241 
(duplicate 0.111) 

10/24/2009 (09:00) 0.103 -- 0.34 7.95 19.5 244 

10/25/2009 (06:30) 0.109 -- 0.38 7.95 20 245 

10/26/2009 (09:40) 0.104 -- 0.06 8.06 20.2 244 

10/27/2009 (11 :45) 0.102 -- 0.36 7.96 19.8 243 

1113/2009 (15 :05) 0.119 -- 0.14 7.9 20.2 326 
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Table B·6. Chemical Sample Data for Constant·Rate Aquifer Test at Well 199·H4·15CS 

Hexavalent 
Sample Date Chromium Turbidity Temp. Condo 

(Time) (mglL) (NTU) pH (Oq (,.s/cm) 

10/28/2009 (09:00) 0.106 0.27 7.42 19.7 258.5 

10/2912009 (09:20) 0.106 0.33 7.43 19.3 261.2 

10/30/2009 (09:35) 0.105 0.27 7.7 18.9 266.5 

10/3112009 (09 :50) 0.110 0.24 7.68 19.2 258.5 

111112009 (10:05) 0.108 0.25 7.65 19.1 258.8 

1112/2009 (11 :05) 0.103 0.25 7.8 19.7 259.1 

111312009 (13:05) 0.104 0.28 7.77 20.2 256.5 
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