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1 INTRODUCTION 

The proposed Rock Creek project encompasses two mine sites, the Rock Creek Mine site 
and the Big Hurrah Mine site.  This report will reference the Rock Creek Mine site only which 
lies within the Snake River catchment approximately 10 km north of Nome Alaska.    The Big 
Hurrah Mine site is addressed in a separate report.  The facilities for the operation of a mine 
in the Rock Creek basin involve the construction of a tailings area, development rock dump 
areas, a plant site and a pit.  These mine elements are almost entirely located within the 
surface water catchment boundaries of Rock Creek. 
 
The mine facilities require a water management plan to describe the water aspects of the 
project and to develop an operating and closed mine with acceptable environmental 
impacts.  Water Management Consultants has provided consulting services to Alaska Gold 
and assisted with development of the water management plan.  The activities have included: 
 

• Review of available climate data for the region and the site. 
• Review of local stream flow data and determination of likely variation of climatic 

information that the stream flow data indicates. 
• Development of watershed models for Snake River, Glacier Creek, Lindblom Creek 

and Rock Creek to provide an indication of the range of local stream flows. 
• Development of a groundwater model based on available subsurface information 

and development of a design for interception well field for the pit area. 
• Conceptual design of a Class V underground injection system for discharge of 

water. 
• Development of a site wide water balance that considered losses and gains of water 

from the mill and tailings circuit and quantified probable quantities of water that 
would be shed from the site as a result of the water management plan. 

 
The water balance for the proposed Rock Creek mine site that was developed incorporates 
topography, geology, physical hydrogeologic conditions as well as climate and flow data.  
The water balance was completed using a spreadsheet that addressed the possible 
recharge sources by catchment area and potential recharge rates.  Calculations were 
completed on a month by month basis, and were reported on an annual basis, with an aim 
to determine all water interactions between mine elements.   
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2 PROJECT SETTING 

2.1 General 
The proposed Rock Creek project site lies within the Snake River catchment (see Figure 1.1).  
The Snake River, which flows about 11 miles south from the Rock Creek confluence to Norton 
Sound near Nome Alaska, has a 85 mi2 (220 km2) catchment area.  The Rock Creek project site 
is situated on the eastern side of the Snake River valley.  Three creeks, all tributary to Snake 
River, are in the immediate vicinity of the proposed project, Lindblom Creek to the north, Rock 
Creek in the middle, and Glacier Creek to the south. 
 
The Rock Creek catchment has an elevation gain of 1300 ft from the valley floor which lies at 
100 ft.  The N-S trending foothills in which the catchment lies have elevations that range up to 
2000 ft.  The catchment area for Rock Creek is approximately 2 square miles.  Glacial, alluvial 
and tectonic processes shaped the eastern wall of the Snake River Valley, upon which this 
catchment lies.  The hydrogeology of the Rock Creek basin is controlled by the surficial and 
bedrock geology, the topographic setting as well as the climate and hydrology.  Steep slopes of 
local bedrock dominate the higher elevations on site.  The surface topography quickly shallows 
over the 2.5 mile (4 km) creek path which ends on the alluvial plain of the Snake River. 
 
Within the Rock Creek drainage the dominant bedrock is a well foliated, “wavy” banded, quartz-
muscovite schist containing varying proportions of carbonate graphite/carbon and chlorite.  
Outcrops and near surface bedrock are highly weathered and fractured.  Drilling with an RC air 
rotary rig results in significant water return in many of the drillholes to the full depth, indicating at 
least moderate bedrock permeability over a significant portion of the site.  Overburden materials 
include silts formed as a weathering profile overlying the schist, as well as glacial, alluvial and 
colluvial materials.  Sands and gravels have been observed at some locations on the lower 
slopes.  The bottom of Rock Creek valley is infilled with sand and gravel.  This material has 
been reworked with a dredge for some distance upstream.  West of the Rock Creek site, the 
Snake River valley has been infilled, primarily with alluvium.  The remnants of abandoned and 
infilled channels are apparent on the valley floor.  Silt infill, as well as channel and bar sands are 
expected.  Sand and gravel deposits are codepositional and overlie the Snake River alluvium as 
fans from Lindblom Creek, Rock Creek and Glacier Creek.   
 
The climate and physiography create typical high latitude vegetation.  Tundra, consisting of low 
lying shrubs and grasses, cover a majority of the region.  Higher regions have areas of bedrock 
outcrop.  Discontinuous permafrost has been documented in the planned development area. 
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2.2 Hydrometeorology 

2.2.1 General 

Regional climate data has been evaluated to estimate an extended monthly precipitation and 
temperature dataset for the Rock Creek site.  Precipitation frequency analysis has been 
completed on the precipitation dataset to estimate average, and wet and dry values for various 
return periods. 
 
The regional data utilized for this task were as follows:  

• Daily precipitation and temperature data from the Nome Airport weather station in 
Nome, AK from 1907 through 2003 (National Climatic Data Center); 

• Daily precipitation data for 2005 from an on site meteorological station; 
• Stream gage data from the Snake River for the years 1965 through 1991 (Hydraulic Unit 

Code: 19010504, USGS); and 
• Stream gage data for a few recent dates for Rock Creek, Lindblom Creek, Snake River 

and Glacier Creek. 
 
Precipitation reaches a maximum in late summer and drops to a minimum in April and May.  
The moderating influence of open water of Norton Sound is effective from early June to about 
the middle of November.  Overcast conditions are common during July and August.  
Temperatures generally remain well below freezing from the middle of November to the latter 
part of April.  Snow begins to fall in September, but usually does not accumulate on the ground 
until the first part of November.  The snow cover decreases rapidly in April and May, and 
normally disappears by the middle of June.  Severe wind storms are common. 
 

2.2.2 Temperature 

The average monthly temperatures for the Nome Airport are presented on Table 2.1.  The site 
temperatures at lower elevations are expected to be similar to Nome, as the site is fairly close to 
Norton Sound.  To develop an understanding of historical climate trends, a graph displaying the 
five year running average for the Nome airport temperature was developed and is shown on 
Figure 2.1.  Based on Figure 2.1, a cooler period (about -4oC) was present from about 1950 to 
1975.  The most striking feature of the Nome record and other records in Alaska is the sudden 
warming in the late 1970’s (see Papineau).  
 
 

2.2.3 Precipitation 

 
Precipitation has been measured at Nome since 1906, an excellent historical record for mine 
design.  The average monthly precipitations are presented in Table 2.1.   
 
As illustrated on Figure 2.1, the precipitation record indicates wet periods from 1920 to 1925 
(average of about 550 mm/year) and 1942 to 1952 (average of about 500 mm/year) and a dry 
period from 1960 to 1980 (average of about 320 mm/year).  Average Nome Airport precipitation 
from 1985 through 2005 was 441 mm. 
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Table 2.1 Average Monthly Temperature and Precipitation at Nome Airport 
 
Month Temperature (oC) Precipitation (mm) 
 Nome Nome 
Jan -13.1 24.4 
Feb -13.0 20.7 
Mar -11.9 18.5 
Apr -6.5 17.9 
May 1.8 17.6 
June 7.9 27.0 
July 10.3 59.2 
Aug 9.8 84.0 
Sept 5.6 64.3 
Oct -1.8 38.2 
Nov -8.3 27.2 
Dec -12.7 24.3 
Annual  423.3 
 
 
Benning and Yang (2005) describe an evaluation of the Nome airport precipitation data based 
on studies comparing the catch of precipitation using various gage types.  They describe the 
results of applying an algorithm developed for comparing the gage used at Nome with a gage 
with extensive wind shielding.  The findings of the study indicate that the Nome gage has 
significant undercatch as there is no wind shield at all on the Nome gage, and the gage is on top 
of a building where it is exposed to high wind.  They report that the actual precipitation at Nome 
was 1.3 to 4.8 times the measured precipitation, with the larger factors for winter months.  The 
calculated average adjustment is about 4.1 in winter and 1.5 in summer.  In summary, the 
published paper implies a potential for measured snowfall at Nome to be much less than the 
actual snowfall.  Flow data from the Snake River catchment, which may be subject to orographic 
effects, generally supports the papers results.  However, such a high winter multiplier is not 
supported by measured Snake River Flows (see Section 2.4.10).  The paper provides a 
reminder that snow control may be important.  The pit could provide an excellent snow trap if 
snow fences are not installed.  Snow load, particularly in the plant site area might be evaluated 
at the end of winter and snow removed if required to help with the overall water balance. 
 
There is more than one year of precipitation data collected at the Rock Creek site climate 
station.  That information, reported as monthly precipitation on Table 2.2, indicates that monthly 
site precipitation is 0.6 to 2.5 times Nome, with an average of 1.7 times Nome.  A plot illustrating 
the monthly rainfall at the two sites, presented as Figure 2.2, illustrates that the multiplication 
factor increases with precipitation depth.  The wet months were September, August, October, 
and July.   
 

Rock Creek Project  Water Management Report 
 Water Management Consultants 



Project Setting 5
  
Table 2.2:  Comparison of 2005 Nome and Rock Creek Recorded Precipitation (mm) 
 

Month Nome Airport Rock Creek Ratio 
Sept/04 16 20 1.3 
Oct/04 70 109 1.6 
Jan/05 5 11 2.2 
Feb/05 21 22 1.0 
Mar/05 12 8 0.7 
Apr/05 8 4 0.5 
May/05 27 47 1.7 
June/05 22 21 1.0 
July/05 41 68 1.7 
Aug/05 74 133 1.8 
Sept/05 123 302 2.5 
Oct/05 41 69 1.7 
Nov/05 10 9 0.9 
Dec/05 11 13 1.2 
Annual 394 708 1.7 

 
 
A precipitation frequency analysis was completed for the wet and dry distribution of the Nome 
airport annual precipitation over the 96-year period of record from 1907 through 2003.  Listed in 
Table 2.3 are the average, 5, 10, 50, 100, and 200-year return period annual wet and drought 
precipitation levels for the Nome Airport.  For comparison, the Nome Airport minimum annual 
precipitation recorded was 188 mm and the maximum annual precipitation recorded was 749 
mm.  The site return precipitation predictions were derived by multiplying the wet airport data by 
1.7. 
 
Table 2.3: Nome Airport and Estimated Rock Creek Annual Precipitation Distribution 
 

Wet Annual Precipitation 
(mm) 

Dry Annual Precipitation 
(mm) Return Period 

(yr) Airport Site* Airport Site* 
Average 425 722 425 722 

5 520 884 322 547 
10 574 976 280 476 
20 620 1054 250 425 

100 709 1205 202 343 
200 743 1263 187 318 

*  Site precipitation at 1.7 times Nome Airport 
 
 

2.2.4 Evapotranspiration and Evaporation 

There is no evaporation data available for the site or the airport.  Evapotranspiration in the area 
has not been studied in detail.  Munter et al. (1991) quoting Patric and Black (1968) calculated 
the actual evapotranspiration in the Nome area to be 14 inches/yr based on Thornthwaite’s 
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classification.  A study by Fraver (2003) of thermokarst ponds in the Council area, about 75 
miles northeast of Nome, included evaluation of evapotranspiration.  Extrapolation of the results 
from that study indicated an annual evapotranspiration of about 14 inches (356 mm) for ponds, 
10 inches (254 mm) for wetlands and 7 inches (178 mm) for uplands.  This precipitation and 
evaporation information indicates there is a significant quantity of water available for runoff and 
groundwater recharge in the area.  The average monthly potential evapotranspiration (PET) and 
estimated actual evapotranspiration (AET) for this study is illustrated on Table 2.4.  
 
Table 2.4:  Calculated Average Evapotranspiration (mm) 
 
 PET Natural AET 
Month <1,000’ >1,000’ <1,000’ >1,000’
Jan     
Feb     
Mar     
Apr     
May 32 26 13 13 
June 109 108 41 43 
July 127 127 52 53 
Aug 101 101 46 46 
Sept 52 56 25 24 
Oct     
Nov     
Dec     
Annual 423 412 181 179 
Note:  Ponded water evaporated at PET 
 
 
2.3 Hydrogeologic Setting 

2.3.1 General 

In the proposed project area there are three creeks that potentially have hydrologic influence.  
Rock Creek runs down the center of the site, Lindblom Creek borders the site on the north and 
Glacier Creek borders the site to the south.  Lindblom Creek has a smaller catchment than Rock 
Creek while Glacier Creek is larger, encompassing the entire east and south side of Mount 
Brynteson (see Figure 1.1).  All of these creeks are tributary to the Snake River. 
 
Potential sources of groundwater recharge include snowmelt, rainfall, and sites where streams 
or other surface water features are perched above the water table.   
 
Groundwater recharge initiates as surface infiltration.  The infiltrated water may be transmitted 
downslope as interflow (or very shallow groundwater) or percolate to the groundwater table.  
There is a significant quantity of water that transmits down the slope as interflow, with visible 
discharge from the banks of Rock Creek.  This flow path results in a significant retention of 
storm water, probably reducing the peaks from rainfall events.  Some of this retention is within 
the tundra grasses and some is within the overburden and near surface fractured rock.  This 
interflow may be within the active area, where permafrost is present. 
 
Water entering the groundwater system travels to local discharge within the creeks or further to 
discharge into the Snake River alluvium.  The local discharge of deeper groundwater into Rock 

Rock Creek Project  Water Management Report 
 Water Management Consultants 



Project Setting 7
  
Creek is apparent from the presence of winter base flow, artesian flow from open drill holes and 
from the chemistry of Rock Creek water.  The estimated annual infiltration in the Rock Creek 
basin is approximately 8 inches (200 mm), based on rainfall, estimated evapotranspiration, and 
limited runoff measurements.  The presence of permafrost over the catchment could 
significantly reduce groundwater recharge. 
 
There is a significant quantity of groundwater moving downstream in the alluvium within Rock 
Creek Valley.  The permeability of this alluvium was probably enhanced by dredging operations.  
Groundwater within this alluvium includes direct precipitation, interflow from upper slopes and 
groundwater discharged from depth.  The water character is expected to be similar to the 
character of the creek water although there may be a higher percentage of deep groundwater. 
 
Recharge of groundwater in the Snake River alluvium occurs as direct precipitation, as 
discharge of deep groundwater into the alluvium and as stream recharge of alluvial fans.  The 
sand and gravel fans (Rock Creek, Lindblom Creek, and Glacier Creek) transmit considerable 
water as a result of higher hydraulic conductivity and gradients than the underlying Snake River 
alluvium.  As a result, groundwater discharge is expected into the alluvium, as well as into 
channels and ponds surrounding the fans. 
 
 

2.3.2 Hydrogeologic Investigations 

A groundwater monitoring program was planned and initiated in October 2003.  The objective of 
the monitoring program was to document the existing, natural groundwater chemistry and flow 
regime within the areas in which mine development is proposed.  The open pit, development 
rock storage and tailings storage are the three mine facilities that will have the greatest effect on 
groundwater.  Hydraulic testing was also conducted to determine aquifer properties.  
 
Seven monitoring wells, summarized on Table 2.5, and seven additional test holes were 
completed between 2003 and 2004.  Their locations, shown on Figure 2.3, are up gradient and 
down gradient of the proposed mine facilities.  All monitoring wells were installed with 12 m of 
0.020 inch factory slotted 4 inch diameter PVC screen.  T&J Drilling constructed the wells in 8 
inch holes using an exploration air rotary rig. 
 
Bedrock was intercepted in all of the test holes and was screened in all of the monitoring wells 
except MW03-06.  The bedrock consists primarily of fractured carbonate rich schist which is 
highly weathered at the surface. 
 
Two wells were installed to document groundwater quantity and quality within the shallow 
bedrock and alluvium of Rock Creek and the Snake River.  The down gradient tailing facility well 
(MW03-05) documents the groundwater quality in the bedrock just before it reaches alluvium 
and MW03-06 documents the groundwater in the alluvium closer to the Snake River.  MW03-06, 
drilled through the Rock Creek Fan, penetrated 35 ft of sand and gravel overlying silt and clay, 
finally encountering bedrock at a depth of 61 ft. 
 
To refine expected groundwater inflow estimates, Alaska Gold drilled a number of additional test 
holes and pump wells and carried out three pump tests in 2004 and 2005.  Three sites were 
initially selected for pump testing.  Two pilot holes (A and B) were drilled at each of these three 
sites in 2004.  Following an iteration of the mine layout, the test sites were moved to reflect the 
expected layout of the open pit and pump wells.  Two additional test wells (C and D) and a 
pump well (E) were drilled were drilled at each of the three sites in 2005.  Inflow rates during 
airlifting from some of these holes are provided on Table 2.6. 
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Following is a summary of the 2005 drilling for the pump testing program. 
 

• One pumping well (E) and two monitoring wells (C, D) were installed at each test site 
with a depth from 86 to 116 m, and a diameter of 200 mm.   

• Monitoring wells C and D are 15 to 25 m distant from the pumping wells (E).  Wells C 
and D were installed about 100-300 m from monitoring wells drilled the previous year 
(1A, 1B, 2A, 2B, 3A and 3B).  Locations of all wells are shown in Figure 2.3. 

• During drilling, groundwater inflow into boreholes was frequently measured.  Table 2.6 
summarizes depth and major inflow zones as documented by an Alaska Gold employee.   

• Inflow rates were similar to rates from the A and B wells and in the MW series wells. 
 
Trends in the groundwater flow regime were identified in the data from observations made 
during drilling of the monitoring wells and test wells.  Air lift flows up to 200 gpm were measured 
during air rotary drilling of wells around the pit area.  Inflows generally reached significant rates 
in the lower portion of each hole.  This did not occur in 2D, although it was within 15 to 20 m of 
holes (2C and 2E) that did have that response.  Lower inflows were also observed in MW03-07.  
Lower values in MW03-02 and MW03-01 may have been related to the limited depth of these 
holes.   Figure 2.4 shows an E-W profile through the pit with air lift returns labelled for drill holes.  
The flow rate distribution indicates that most of the groundwater flow is from discrete fractures 
and faults. 
 
Water return was generally low in the shallow portions of the drillholes.  That is expected as air 
lift return will be less with less submergence of the drill pipe.  However, the low return from 
shallow portions of some of the holes may be due to permafrost.  Permafrost distribution has 
been described in more detail by Smith Williams Consulting Inc. 
 
Water quality samples were collected and analyzed from each of the monitoring wells on a 
quarter annual basis to document natural groundwater quality conditions in sufficient detail to 
identify seasonal fluctuations.  Field measurements of pH, electrical conductivity, temperature, 
oxidation reduction potential, ferrous iron, and depth to water were made at the time of, or 
before, sample collection.  Samples are continuing to be collected from the wells for water 
quality analysis. 
 
Investigations were also carried out in surficial materials to identify areas where Class V 
injection systems could be constructed.  As part of this program, 20 borings were drilled into the 
alluvial fans of Rock Creek and Lindblom Creek and the Snake River alluvium.  Soil samples 
were collected from these borings and grain size distributions and moisture contents measured.  
Slotted PVC pipe was installed so that water levels could be measured.  Silty sands, silty sand 
and gravel, and sand and gravel were logged in the holes.  Lindblom Creek fan is overlain by a 
significant thickness of silty soils so that near surface Class V systems are not applicable.  
There is an adequate area of the Rock Creek fan covered with relatively permeable materials 
that a near surface Class V system might be feasible. 
 
To further define the surficial soils of the Rock Creek Fan, percolation testing was completed at 
four sites on the fan.  Slug tests were then carried out in four of the observation wells installed 
into Rock Creek fan material.  The location of the 20 borings and 4 test pits are presented on 
Figure 2.3. 
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Table 2.5: Monitoring Well Summary 
 

Well ID 
Location 

(UTM) 
Total Drilled 

Depth   Elevation Depth to Water Date
Potentiometric 

Elevation 
Conductivity 

Estimates 
  Sampled (K)

Measuring Porch
 Easting Northing (m) (m amsl) (m) (d-m-y) (m amsl) (m/s) 

MW03-01         480011 7164903 24.4 86.5 10.2 22-1-04 76.3 1.3E-06
MW03-02         479855 7165284 45.7 75.2 9.9 29-1-04 65.3 2.5E-07
MW03-03         480751 7166260 36.6 162.3 3.6 30-1-04 158.7 5.0E-07
MW03-04         479994 7166135 21.3 133.1 3.9 21-1-04 129.2 2.0E-05
MW03-05         479178 7164306 27.0 30.9 2.9 15-1-04 28.0 2.5E-06
MW03-06        478802 7164190 9.1 22.4 2.7 22-1-04 19.7 1.0E-05*1 

2.7 26-1-04 19.7
MW03-07         479620 7165330 33.5 70.0 3.1 21-1-04 66.9 4.0E-07

2.1 28-1-04 67.9
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Table 2.6: Groundwater Inflow from Air Lifting Monitoring Results 
 
 

Interval (feet) Air-lift data Interval (feet) Air-lift data Interval (feet) Air-lift dataWell From: To: Q = gpm Well From: To: Q = gpm Well From: To: Q = gpm 
70       75 10 80 85  6 90 95 5 
80          85 50 85 90 10 95 100 10
90          95 70 100 105 20 100 105 10
95          100 100 105 110 30 105 110 50
115          120 125 125 130 50 110 115 60
140          145 200 165 170 60 140 145 80

1C 

375          378 200 185 190 75 150 155 100
75          80 1 225 230 85 160 165 110
80          85 30 265 270 95 180 185 120
100          105 43 305 310 100 210 215 130
120          125 60 310 315 110 215 220 150
140           145 100

2C 

360 362 110 250 255 170
160          165 150 115 120 < 3

3E 

265 270 180
200          205 150 120 125 6 40 45 1
205          210 180 180 185 6 45 50 20

1D 

275          277 180 185 190 8 65 70 40
85          90 < 5 205 210 8 110 115 50
90          95 20 210 215 12 130 135 80
115           120 60

2D 

355 360 12 155 160 100
160          165 75 95 100 5 200 205 120
190          195 85 100 105 50 215 220 135
200          205 100 115 120 50

3C 

255 260 135
220          225 100 120 125 70 85 90 5
225          230 150 135 140 150 110 115 35
320          325 150 215 220 150 115 120 60
340          345 180 230 235 175 135 140 80

1E 

350           353 180

2E 

375 382 175 145 150 120
      170 175 135

235 240 180

3D 

260 265 180
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2.3.3 Hydraulic Conductivity: 

 
To estimate hydraulic conductivity recovery data obtained during response testing of the 
monitoring wells were placed on Hvorslev plots.  The hydraulic conductivity results range 
over two orders of magnitude from 10-7 m/s to 10-5 m/s.  Table 2.7 includes the results of the 
Hvorslev analysis.  Typically, the monitoring wells were installed to sample the more 
permeable horizons intersected by the drillhole.  Monitoring well MW03-06, within the 
alluvium of the Snake River valley, recovered too quickly to run a recovery test.  The 
hydraulic conductivity is expected to be on the order of 10-4 m/s due to the nature of the 
alluvial material.   
 
Pumping tests were carried out in test wells drilled in 2005.  All pumping and monitoring wells 
tested in 2005 were installed in fractured bedrock with a thin overburden cover.  The 
pumping and monitoring was carried out in open holes.  Total hole depths are presented on 
Table 2.6 as are water return rates.  A summary of the interpreted hydrogeologic parameters 
derived from the pump test data is presented on Table 2.7. 
 
Table 2.7:  Summary of Pump Test Results 
 
Test Site Average well 

depths (m) 
Assumed 
aquifer width 
(m) 

Assumed 
Storativity 

Transmissivity 
(m2/s) 

Hydraulic 
Conductivity 
(m/s) 

      
1 100 30 0.02 2.5x10-4 2.5x10-6 
 100 60 0.03 1.5x10-4 1.5x10-6 
2 110 >200 0.0008 5.9x10-5 5.4x10-7 
 110 >200 0.0008 6.5x10-5 5.9x10-7 
3 80 >65 0.0009 5.5x10-4 6.9x10-6 
      
 
Of significance is the presence of no flow boundaries at Test Site 1, and the potential for 
similar boundaries at Test Site 2.  A constant head boundary was present at a distance of 
about 65 m at Test Site 3.  Test site 3 is adjacent to Rock Creek. 
 
Percolation testing was carried out on the Rock Creek fan in four machine excavated test 
pits.  The percolation testing results were consistent with the mix of clean and silty material 
mapped within the pits.  Slug tests were carried out in four observation wells on Rock Creek 
fan, RKIG-TB1, RKIG-TB12, RKIG-TB13 and RKIG-TB15.  Results of the tests ranged from 
1x10-5 to 5x10-5 m/s, with the lower hydraulic conductivity from the zones with 12% passing 
the 200 sieve, and the higher hydraulic conductivity with less than 10% passing the 200 
sieve.  The results of percolation and slug tests are presented on Table 2.8 
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Table 2.8:  Summary of Percolation and Slug Tests 
 
Test Site Percolation results (m/s) Materials 
TP-1 5x10-5 Silty sand, gravel and silt 
TP-12 8x10-5 Silty sand, gravel and clay 
TP-13 2x10-4 Gravel in wall during fast response 
TP-15 <5x10-6 Silty peat, silty clay 
   
Obs well Slug Test result (m/s)  
RKIG-TB1 3x10-5 <10 % passing 200 sieve 
RKIG-TB12 3x10-5 <10 % passing 200 sieve 
RKIG-TB13 1x10-5 Approx 12 % passing 200 sieve 
RKIG-TB15 1x10-5 Approx 12 % passing 200 sieve 
 
 

2.3.4 Recharge: 

 
Recharge rates for the site were estimated by first comparing recorded base flows from the 
Snake River with the watershed model described in Section 2.4.  Base flows are the 
sustained flows of a river or creek between storm or seasonal runoff events, due to 
groundwater discharge where lakes are not present.  Base flow can easily be converted to 
apparent recharge rate for a watershed by multiplying the flow by the catchment surface 
area.  In this manner a single base flow measurement taken in January, 2004 on Rock Creek 
resulted in a rate of 110 mm/yr.  However this is only one measurement, when ice would 
make precise measurement difficult and does not consider the expected decay in base flows 
over the winter.  In order for the watershed model (Section 2.4) to output this base flow an 
annual recharge rate of 250 mm/yr was input.  Based on the above findings, an average 
annual recharge of 200 mm was selected for the Rock Creek catchment. 
 
 

2.3.5 Groundwater Levels 

 
The groundwater table is expected to be a muted image of the ground topography.  This is 
the case throughout most of the Rock Creek basin.  Piezometric surface contours derived 
from a groundwater modelling calibration are presented on Figure 2.3.  Some groundwater 
level data is presented in Table 2.5.  Given the locally moderate permeability of the bedrock, 
the groundwater levels exhibit more variation than expected.  This is probably the result of 
compartmentalization of the groundwater by low permeability faults in the proposed mine 
area.  The Boulder Creek Fault strikes northwest directly above the pit area, the Rock Creek 
Fault underlies the creek bed which runs through the pit and Sophies Gulch Fault, a low 
angle normal fault, can be seen in the surface topography at the southeast corner of the pit.  
Three other high angle strike slip faults, all of which strike north, are the Anvil Fault, 
Brynteson Fault and the Upper Albion Creek fault.  These faults and probably additional 
unmapped discontinuities all have the ability to compartmentalize groundwater through low 
permeability gouge zones and high permeability fractures.  
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2.4 Site Wide Water Balance 
 

2.4.1 Introduction:   

The water balance modelling strategy used for this study was to first develop a model that 
balanced the recorded flows on Snake River for the 26 years of discharge data with the 
Nome Airport Precipitation Data.  Once the model was calibrated for this time period, it was 
adjusted to the area of mine operations, more specifically the Rock Creek, Lindblom Creek 
and Glacier Creek Catchments.  The methodology is widely used for consideration of surface 
water and groundwater conditions in basins (see Alley, 1984 and Steenhuis and Van der 
Molen, 1986). 
 

2.4.2 Input Areas 

The catchment areas input for each of the creeks is presented on Table 2.9 
 
Table 2.9:  Areas used for Watershed Models (km2) 
 
 Elevation Bands 
 Under Above Total 

Item Name 1,000 ft 1,000 ft  
1 Snake River 176.82 43.51 220.33 
2 Lindblom Creek 1.28 0.03 1.31 
3 Rock Creek 3.61 0.77 4.38 
4 Glacier Creek 16.60 2.24 18.84 

 
 

2.4.3 Temperature and Precipitation 

The temperature was adjusted for elevation using: 
 
T = Ts – (E-Es)            
               360 
 
where   T  = required temperature (deg C); 
  Ts = temperature at Nome Airport (deg C); 
  E  =  elevation of site (m); and 
  Es =  elevation at Nome Airport (m) 
 
The precipitation record was constructed by multiplying Nome Airport precipitation by 1.7. 
 
P = Ps*K 
 
where   P  = required precipitation; 
  Ps = precipitation at Nome Airport; and 
  K  =  factor selected through calibration and precipitation data (1.7). 
 
The distribution of precipitation to snow and rainfall assumed that all precipitation fell as rain 
if the average monthly temperature was greater than 2oC and all as snow if the average 
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monthly temperature was below -2oC.  In between the ratio of precipitation as snow was 
varied linearly with the temperature between -2oC and 2oC. 
 
The elevation gain of the site was too small to require any further linear extrapolation of 
precipitation data with elevation gain. 
 

2.4.4 Sublimation 

Sublimation is complex and requires tabulation of a number of variables for a rigorous 
determination.  In this analysis, we have assumed that maximum sublimation is 0.3 mm/day.  
Sublimation was allowed in the months November through April.  Although sublimation rates 
may be high during snowmelt, the sublimation is often countered by night time condensation 
into the snow pack.  Sublimation therefore was not considered for May and June.  The snow 
was assumed to sublimate at the set rate until none remained on the ground. 

 
2.4.5 Snowmelt 

Although snowmelt can be estimated, the required meteorological parameters are not 
available for this site. The snowmelt was estimated using a temperature index method.  A 
first order estimate of the apparent losses were: 
 
  Snow melt (mm) = 150(T+2). 
 

 Where T is the average monthly temperature in oC. 
 
The values (150 and 2) were defined in matching the precipitation record with Snake River 
Flows.  This equation was used to estimate the potential snowmelt for each month.  The 
actual snowmelt was up to the potential after considering the available snow after 
sublimation.  The water available each month was calculated as the sum of snowmelt and 
rainfall. 
 

2.4.6 Evapotranspiration 

Evapotranspiration was calculated with a methodology after Thornthwaite (1948).  First, the 
potential evapotranspiration (PET) was estimated based on the average monthly 
temperature and modified by the site latitude and the number of days in the month.  The 
monthly water balance was calculated assuming the soil profile could retain some moisture 
from month to month.  A maximum soil moisture retention was defined.  The balance 
considered losses and gains to soil moisture, rainfall and snowmelt, evapotranspiration and 
surplus water (available for infiltration and runoff).  Evapotranspiration was limited by the soil 
moisture condition.  Below the soil moisture capacity of the soil, the PET was reduced 
linearly with soil moisture. 
 
During snowmelt, the ground may be frozen, preventing contribution of snowmelt to soil 
moisture, and thereby contributing more water to runoff.  This was addressed by preventing 
any contribution to soil moisture below a set temperature and ramping the water available to 
soil moisture up linearly to a second temperature.  Finally, based on calibration to Snake 
River flows, a portion of the PET (0.7) was selected to provide an analogue for runoff and 
recharge speeds that limited the evapotranspiration over the month. 
 
Open water was assumed to evaporate at the full PET. 
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2.4.7 Infiltration 

Infiltration was modelled at an adjustable rate that is dependent on surface conditions, soil 
permeability and available storage capacity.  The infiltration was set equal to available water 
up to a volume equal to the product of an infiltration rate and the subcatchment area.  For 
wetter months, a fraction of the remaining available water was infiltrated. 
 

2.4.8 Groundwater Discharge 

Water was infiltrated into storage in each subcatchment.  The infiltration accumulated within 
the groundwater compartment was released at a rate determined by the product of the 
volume of water in storage and a discharge factor. In this way, month to month storage was 
allowed within each subcatchment, with increasing discharge rate with increasing 
groundwater in storage.  Lower discharge factors resulted in larger accumulated storage with 
the same recharge.  The effect of decreasing the factor was to cause a more uniform 
discharge rate. 
 

2.4.9 Model Structure  

For each subcatchment, the water available for runoff and infiltration was calculated based 
on the Thornthwaite calculation and the subcatchment area.  The water that was not 
infiltrated was passed on to the next subcatchment downstream as immediate runoff.  
Groundwater was stored and released at a rate proportional to the volume in storage.  The 
groundwater released was passed on to the next subcatchment downstream up to an 
amount defined by estimated transmissivity, width and gradient in the groundwater system.  
The remainder of the released water was discharged within the subcatchment and was 
passed on to the next subcatchment downstream with the surface water.   
 

2.4.10 Snake River Watershed Results 

There are no long-term flow records of precipitation or flow for Rock Creek.  Flow records 
from the neighboring Snake River and precipitation data from Nome Airport were used for the 
water balance modelling (rainfall-runoff analysis).  The goal of this analysis was to determine 
the factor by which Nome Airport precipitation data would need to be changed to estimate 
average precipitation over the Snake River Basin.  The gage station on the Snake River 
includes a catchment area of 85 km2 (220 km2) and is located at a bridge 3.7 miles (6 km) 
inland from Norton Sound at an elevation of 8.6 feet above sea level.  Rock Creek, whose 
catchment covers 1.8 mi2 (4.7 km2), is a tributary to the Snake River located 3 miles (5 km) 
North Northeast of the Snake River gauging station. 
 
The watershed model inputs long-term precipitation and temperature data and outputs flow 
volumes.  The calibrated output and the measured flows are illustrated for the years 1982 to 
1992 on Figure 2.5 and the cumulative flow over the period 1983 to 1992 on Figure 2.6.  The 
illustrated match was obtained by multiplying the Nome Airport winter precipitation by 3.0 and 
the Nome Airport summer precipitation 2.5.  The general fit is good over the last years of 
record.  The annual average multiplier of Nome Airport precipitation to generate the Snake 
River flow volumes was 2.7.   As the measured Nome airport precipitation over the 1983 to 
1992 period was16.5 in (418 mm), the average Snake River Basin precipitation over that 
same period was expected to be 44.5 inches (1130 mm).  As Rock Creek is not near the 
headwaters, Rock Creek is most probably less than 40 inches (1000 mm) per year.   
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2.4.11 Local Watersheds 

A few flow measurements were completed on Rock Creek, Glacier Creek and Lindblom 
Creek for this study.  Models similar to the Snake River Watershed model were set up for 
these three creeks.  Calculated flow rates for all four watersheds are presented on Figure 2.7 
along with recent flow measurements.  The precipitation input to these models used a factor 
of 2 times the Nome Airport precipitation. 
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3 OPERATING MINE WATER MANAGEMENT 

3.1 Introduction 
To minimize fresh surface water runoff from passing through the mine site, surface water 
from upslope will be diverted through a ditch to Lindblom Creek.  Interception ditches will be 
constructed downstream of the development rock dumps to route this water to Lindblom 
Creek or Rock Creek.  Water will not be diverted to Glacier Creek.  A layout of mine facilities 
including ditches is presented on Figure 3.1 
 
Groundwater moving towards the pit will be intercepted with perimeter pumping wells as 
shown on Figure 3.2.  Well water required to meet process needs (low flow periods) will be 
pumped to the mill and the remainder will be treated and reintroduced to the groundwater 
through a Class V injection system.   
 
Water used in process will be recycled except for process losses.  Much of the water will be 
recovered from the slurry at the mill in a thickener.  The tailings will be transported to the 
tailings area as a paste in a pipeline.  Supernatant will be recovered from the tailings pond 
with a reclaim pump.  Temporary excess water from snowmelt and rainfall will be stored in 
the tailings area.  This stored water will be used as process water during dry periods. 
Process losses will be made up from sources of water on site.  Site wide and tailings water 
management is conceptualized on Figure 3.4. 
 
The losses within the mill and tailings circuit will include: 

• water in the tailings pores; 
• evaporation from the tailings pond and from moisture on exposed tailings sand; 
• seepage from the tailings area; 
• minor losses within the mill; and 
• minor losses to the foundation pore spaces. 

 
The losses will be made up from: 

• direct precipitation and snowmelt within the tailings area during the ice free period; 
• moisture content of ore; 
• runoff collected from the plant site area; 
• mine water pumped from sumps in the open pit; 
• seepage recovery from the toe of the tailings dam; 
• when required, water from the open pit groundwater interceptor wells will be used in 

processing.  The remainder of the open pit well water will be treated and reinjected to 
the groundwater. 
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• When additional make up water is required, water supply wells will be used. 
 
3.2 Open Pit Groundwater Interception wells 
 

3.2.1 Pit Hydrogeology 

Recharge areas on the slopes of the upper watershed provide water for creeks, alluvium and 
deeper groundwater.  Shallow groundwater travels down the valley across an alluvial fan and 
discharges to surface water and alluvium of the Snake River.  Excavation of the pit will 
intersect these groundwaters. 
 
As the pit depth increases, groundwater will be pumped to keep the groundwater level below 
the bottom of the pit.  Storage properties of the aquifer will determine how much water is 
released from an area by gravity drainage due to a decline in the water table.  The pumping 
will also cause a cone of depression so that the groundwater catchment area of the pit will 
increase.  As a result some areas that were initially not in hydraulic communication with the 
pit will become sources of pit inflows. 
 
The surface geology and vegetation effect groundwater recharge rates.  The site is similar to 
that of most high latitude regions with low lying shrubs and grass (tundra) cover over most of 
the area except for some bedrock outcrop on the high steeper slopes.  Vegetation can store 
precipitation allowing a longer time period for evaporation and recharge. 
 
The primary bedrock geologic units in the pit area are calcareous schists and marbles from 
the Nome Group.  Fractures in the bedrock are the primary matrix for the transportation of 
groundwater towards the pit.  Hydraulic heterogeneities, low permeable gouge zones and 
high permeability fractures through bedrock, will cause compartmentalization of groundwater. 
 
Another control on groundwater movement and recharge is permafrost.  Groundwater flow is 
impeded by permafrost.  Test pits and boreholes to the west of the pit have intersected 
permafrost that reaches depths of up to 100 ft.  Groundwater was observed in some 
permafrost areas to concentrate flow above the frozen surface or just below the tundra.  This 
concentration of near surface flow above frozen ground (observed near the top of Rock 
Creek) was also observed in non permafrost areas.  Pit inflows may be influenced if the 
excavation passes through frozen ground.   
 
Permafrost was not considered when estimating pit inflows but is recognized as a potential 
factor in controlling groundwater movement. 
 

3.2.2 Groundwater Model 

A 2D (single layer) finite difference groundwater model was produced using MODFLOW and 
Vistas 4 which is a user interface for MODFLOW.  The groundwater model includes 
watershed catchments of Rock Creek, Lindblom Creek, Prospect Creek and some of Glacier 
Creek.  The top elevation is 1480 ft (450) m at Brynteson Mountain and a bottom elevation of 
-300 ft (–100 m), significantly below the depth of the proposed pit.  This single layer model 
does not consider vertical movement of groundwater.  As a result all mine elements are 
assumed to completely penetrate the aquifer. 
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Hydraulic heads and regional discharges were the two calibration targets for modelling.  
Hydraulic head elevations were available at spring locations and at monitoring wells.  
Regional flow rates have been recorded historically for the Snake River and have been 
recently measured for Rock Creek, Lindblom Creek and Glacier Creek.  Low flow (base flow) 
measurements are the result of groundwater discharges in the absence of major lakes in the 
system. 
 
The recharge rates required to produce the target hydraulic heads were estimated with a 
range of hydraulic conductivities.  As hydraulic conductivity is lowered less recharge is 
required to produce the target potentiometric surface.  The results of this investigation are 
shown in Table 3.1.  The values that were tested are within the appropriate boundaries for 
both conductivity and recharge.  The highlighted values were used in the calculations, as 
they are considered to be a reasonable value given the information available.  The 
piezometric surface illustrated on Figure 2.3 is output from the calibrated groundwater model. 
 
Table 3.1: Relationship Between Hydraulic Conductivity and Recharge 
 

K (m/s) Recharge (mm/yr) 
1.9x10-7 95 
3.0x10-7 158 
3.8x10-7 200 
6.3x10-7 300 

 
 

3.2.3 Dewatering Calculations 

 
Mining will continue for a period of up to four years, with the ultimate pit floor at an elevation 
of about 10 m below sea level.  The pit outline and depths were input to the groundwater 
model described above and the groundwater flows to dewatering wells calculated to keep the 
pit floor dry.  The dewatering rate calculated using the groundwater model is presented on 
Table 3.2. 
 
Table 3.2:  Estimate of Groundwater Dewatering Rate from Pit Wells 
 
End of 
Year 

Elevation of pit bottom (m) Pit Well Field Pumping Rate 
(gpm) 

Number of 
Perimeter wells 

2006 Phase I = 85 
Phase II = 95 

 5 

2007 Phase I = 60 
Phase II = 80 

600 11 

2008 Phase I = 50 
Phase II = 45 

600 11 

2009 Phase I = 50 
Phase II = 0 

Phase III = 115 

635 11 

2010 Phase I = 50 
Phase II = -10 
Phase III = 70 

635 11 
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The expected maximum required pumping rate from the open pit perimeter interception wells 
will be 635 gpm (Table 3.2).  Pumping will need to begin at 600 gpm early in mine life to 
meet planned mine depth.  Installation of three wells (together with operation of two existing 
wells) is recommended in 2006 so that excavation below the water table will be possible 
early in 2007. 
 
The dewatering rate estimate is based on an assumption of average groundwater recharge 
(200 mm/year) and that the single layer model will provide a reasonable estimate of inflows.  
If permafrost cover is extensive, then recharge over the remaining ground would need to be 
higher (for example, if permafrost covers 50% of the ground, the average recharge rate over 
the remaining ground would need to be 400 mm, which is about 50 % of precipitation).  From 
this standpoint, an average annual recharge of 200 mm is conservative. 
 
The calculations also allow complete penetration of the aquifer by the pumping wells, which 
will not be true.  Incomplete penetration of the wells will result in more drawdown near the 
wells with a vertical component of groundwater flow to the well screens.  This provides an 
additional component of conservatism to the perimeter well design. 
 
Based on air lift production testing, pumping rates from producing wells will vary from 50 to 
150 gpm.  About 11 such production wells are anticipated to be required around the 
perimeter of the pit.  Possible locations for the wells are illustrated on Figure 3.2  A static 
head of 300 to 500 ft is expected.  This should be possible with submersible pumps of 5 to 
15 horsepower if head loss in installed piping is low. 
 
The submersible pumps will be connected to a header that will transfer the pumped water to 
process or to the Class V injection area via the treatment system (section 3.5.5).  Also 
included in the perimeter well system will be hour meters, flow measurement devices, well 
water level meters and piezometers for measuring system effectiveness. 
 
3.3 Class V Underground Injection System 

 
3.3.1 Background 

The objective is to reinject water from the pit pumping wells that is not required in the 
process.  The reinjection would be using Class V wells, relatively shallow and simply 
constructed devices which inject under the force of gravity.  In wet weather, all of the water 
from the perimeter wells may need to be treated and injected.  In dry weather and particularly 
in the winter, much of the water from the perimeter wells will be used in process.  Injection 
methods considered were: 

• Injection wells or dry wells 
• Seepage pits 
• Drainfields 
• Surface discharge 
• Infiltration gallery 

 
Based on site investigation work, limited injection using a drainfield is possible on the Rock 
Creek fan.  The remainder of the water will be injected into bedrock wells. 
 

Rock Creek Project  Water Management Report 
 Water Management Consultants 



Operating Mine Water Management        21 

3.3.2 Rock Creek Fan Injection Site 

This Class V reinjection system will be located on the Rock Creek fan.    The fan toe is 
adjacent to side channels of the Snake River.  Water injected into this fan would migrate 
through the fan deposits towards the toe of the fan where it would discharge into alluvium 
and into the side channels at the toe of the fan. 
 
During operations, water from the upper reaches of the Rock Creek basin will be diverted to 
Lindblom Creek, reducing the quantity of water reaching this fan.  Following treatment, the 
water from the pit pumping wells will be reinjected to the fan to make up for this reduction. 
 
Drilling and testing indicated that the upper half of the fan is underlain by suitably permeable 
material.  The injection system will consist of a network of perforated pipes buried within the 
Rock Creek alluvial fan.  The installation of the system will require trench excavation, pipe 
installation within the trenches and encapsulation of the pipes with imported gravel materials.  
The trenches will then be backfilled with the native alluvial materials to the natural ground 
elevation.  The injection system will cross the upper part of the fan in a north south direction, 
about 200 m downslope of the fan apex. 
 
The capacity of this system was estimated to be about 100 gpm.  The velocity from the 
injection system to discharge points downstream was calculated as follows: 

v = Ki/n, where   
K (hydraulic conductivity) = 5x10-5 m/s and  
i (gradient) = 0.02 and  
n (porosity) = 0.25; so  
v (velocity) = 4x10-6 m/s or 0.35 m/day  

 
The distance to the toe of the fan is approximately 700 m, so the travel time to the fan toe is 
approximately 2,000 days or 5.5 years. 
 

3.3.3 Bedrock Injection Well Field 

All of the perimeter well water not used in process, except the 100 gpm injected into the fan, 
will be injected into the bedrock injection wells.  The preliminary locations for these wells are 
illustrated on Figure 3.2.  Pumping test results and water returns during drilling indicate 
fracture sets are permeable enough to receive the remaining water.  Injection pumping may 
be required.   
 
Each well will inject into a relatively permeable environment that is bounded by lower 
permeability materials.  This will result in considerable dispersion of the injected water along 
a variety of discontinuous fractures and fault.  The dispersed water will enter alluvium at 
depth under the local surface water, and travel downstream in the alluvium prior to 
discharging along a considerable length of Snake River.   
 
Each well will be about 120 m deep.  The top 50 m will be sealed to prevent annular flow to 
the ground surface.  The lower 70 m will be screened for injection.  Actual dimensions will be 
adjusted during construction.  The injection capacity of the wells should exceed 50 gpm. 
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A total of 15 injection wells are anticipated to be adequate for injecting the required volume of 
water.  The injection program will include resting of wells to allow dissipation of groundwater 
mounding.   
 
Travel time of groundwater flowing into the injection wells to the Snake River alluvium was 
calculated with the same numerical model used to estimate perimeter well pumping rates.  
Travel path lines with travel times (in years) are shown of Figure 3.2.  Calculated travel times 
are in excess of two years.  Typically, about 10 wells will be in operation during the summer 
months, and about four wells injecting through the winter.  Figure 3.3 presents a schematic 
cross section through the injection wells with estimated pre-mine flows as well as flow 
direction of injected water. 
 
3.4 Mill and Tailings Circuit Water Losses 

3.4.1 Tailings Voids 

The majority of the losses in the mill and tailings circuit are to tailings voids.  In this project, 
these losses have been reduced by adopting a paste tailings placement system rather than a 
conventional tailings pond system.  This results in a higher density tailings and lower void 
volume.  The tailings assumptions are: 
 

• Solids specific gravity of 2.75 tonnes/m3; 
• A dry unit weight of the paste tailings of 1.52 tonnes/m3;  
• A milling rate of 7,000 tonnes/day of ore; and 
• A tailings saturation of 85%. 

 
The resulting void ratio is 0.447 and water lost to voids is 2,750 m3/day (320 gpm). 
 

3.4.2 Evaporation 

Evaporation losses occur from tailings area open water and from moisture on exposed 
tailings deposits.  Evaporation was estimated using the Thornthwaite (1948) procedure.  The 
full PET was used for open water.  Some of the tailings area will be a natural ground surface.  
The water balance on this natural ground was calculated with the same parameters as used 
for the pre-mine condition (see Section 2.4).  Evaporation from the pond requires an 
assumption of the pond area.  The relationship between pond area and water volume used 
was: 
 
Volume (m3) Area (m2) 
1,000 13,600 
10,000 15,700 
50,000 24,800 
100,000 35,900 
200,000 57,000 
500,000 112,800 
 
The evaporation losses from the surface of the pond were based on the PET values listed on 
Table 2.4. 
 
Evaporation from the tailings deposit was a product of the tailings area and the expected 
evaporation rate.  The tailings area was estimated by subtracting the pond area from the total 
expected area.  The total expected area used was: 
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End of year Total Area (m2) 
1 271,140 
2 360,171 
3 441,108 
4 497,764 
 
The evaporation rate used was the PET on Table 2.5, but only 50% of the result was taken to 
account for the likely dry areas on the tailings surface. 
 
Sublimation was accounted for on natural surfaces, but was not included in the tailings pond 
balance. 
 

3.4.3 Seepage 

Seepage from the tailings area will be minimized by keeping the stored volume of water low, 
and by appropriate design of the tailings dam.  Seepage from the pond was estimated as a 
function of the stored water volume.  The seepage rate used was: 
 
Volume (m3) Seepage (m3/day) 
20,000 1.1 
50,000 1.6 
100,000 2.6 
200,000 4.9 
500,000 13.5 
 

3.4.4 Minor Losses 

Other minor losses considered were net losses in the mill area such as loss to evaporation 
and product and gain from moisture in the ore and losses to the foundation pore spaces as 
the tailings elevation increased.  The assumptions were: 

• Approximately 3.3 m3/day (0.6 gpm) lost in the mill area; and 
• Approximately 50 m3/day (9 gpm) lost to pore spaces in the tailings foundation. 

 
3.5 Mill and Tailings Circuit Water Makeup 
 

3.5.1 Rainfall and Snowmelt in Tailings Area 

Diversion ditches upslope of the tailings facility will reduce the quantity of water entering the 
mine area from precipitation and snowmelt.  The surface area used to estimate the quantity 
flowing into the tailings area was 651,667 m2.  The quantity of water from this source was 
modified to account for sublimation and evapotranspiration, both on natural ground and 
tailings surface.  Water will also accompany the underflow from the tailings thickener (2460 
m3/day).  The pond area accepted the total water volume and the full evaporation rate (in 
losses) was applied to the pond area.  The pond area did not include sublimation.  Other 
pond losses were seepage (Section 3.4.3), water lost to voids (Section 3.4.1) and water 
pumped to the reclaim tank.   
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3.5.2 Plant Site Runoff 

Rainfall and snowmelt within the plant site collection ditches will be routed directly to the mill 
recycle water pond where it will be used as make up water to the mill circuit.  The plant site 
area used was 194,249 m2.   
 

3.5.3 Open Pit Surface Water Inflows 

The surface water runoff component of inflow to the pit will be minimized by the construction 
of ditches upslope of the pit (see Section 3.1) to divert water to Lindblom Creek.   The inflow 
will be further reduced by construction of temporary diversion ditches to direct most of the 
area below the diversion ditch into Rock Creek.   Inflow from surface water will be derived 
primarily from direct snowmelt and precipitation.  Although some snow will be removed from 
the pit during operations this component has not been included in the estimate due to the 
small proportion. 
 
The catchment area reporting to the pit sumps was estimated to be: 
 

year Area (m2) 
1 225,000 
2 225,000 
3 285,000 
4 285,000 

 
The proposed open pit dewatering system will require sumps which will manage surface 
water inflows and residual groundwater inflows not captured by the groundwater interception 
wells.  Water collected will be routed to the mill recycle pond if required.  Excess pit water will 
be treated and injected.  As much of the runoff will be snowmelt, there may be a period in the 
spring when there may be some ponding on the pit floor, until it can be removed with 
installed treatment and injection capacity. 
 
 

3.5.4 Seepage Recovery 

Seepage will be recovered from the toe of the tailings dam to isolate the tailings from the 
downstream environment.  Water collected from this facility will be pumped directly to the 
reclaim water tank where it will feed the mill recycle water pond.  The quantity of water to be 
collected from this facility includes runoff from the small area that this facility will capture, and 
a groundwater component that is a function of the calculated volume of groundwater that is in 
storage.  Seepage from the tailings area and local recharge contribute to volume of 
groundwater in storage.  Typical recovery rates are expected to range up to 500 m3/day (90 
gpm) with an average annual rate of up to 150 m3/day (25 gpm).   
 

3.5.5 Open Pit Perimeter Wells 

Water from the open pit perimeter wells will be treated and discharged to a Class V 
underground injection system.  Water in excess of the treatment plant capacity will be routed 
to the mill circuit or the tailings pond.  In dry periods (when the tailings pond is dry or frozen), 
water from the perimeter wells will be used for make up water.   
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3.6 Operating Site Wide Water Balance 
3.6.1 General 

The site wide water balance for operating conditions was developed with the same 
calculation procedure as described in Section 2.4.  The conceptual surface and mill water 
flow diagram is presented as Figure 3.4.  Subcatchment areas were established to reflect 
natural and operations barrier to flows.  The watersheds were divided into subcatchments to 
facilitate suitable inflows for mine operation planning.  The subcatchments are illustrated on 
Figure 3.5 and are listed along with their respective surface area in Table 3.3.  The model 
was run over the life of the mine with average climate conditions (1978 precipitation 
distribution). 
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Table 3.3:  Site Wide Water Balance Subcatchment Areas 
 
 Elevation Bands 
 Lower Upper Total 
Area  Name <1000’ >1000’ (m2) 

1 Lindblom Creek 1,335,484 29,060 1,364,544 
2 North Development Rock Dump Catchment 246,783  246,783 
3 North Development Rock Dump 793,251  793,251 
4 Plant Site 194,249  194,249 
5 Snake River and Rock Ck Wetlands 3,757,560  3,757,560 
6 Snake River u/s of Glacier Creek 125,199,654 40,575,369 165,775,023
7 Open Pit Catchment 1,564,202 807,389 2,353,681 
8 Open Pit 824,013  824,,013 
9 South Development Rock Dump Catchment 124,247  124,247 

10 Tailings Impoundment 651,667  651,667 
11 Seepage Collection 27,082  27,082 
12 Glacier Creek Catchment 19,602,219 2,096,697 21,698,916
13 South Development Rock Dump 503,591  503,591 

 
 
Table 3.4 presents the climatic (precipitation and temperature) conditions that were used in 
the calculations.   
 
Most of the water demand is from tailings operations.  This includes water retained in tailings 
and foundation materials as well as seepage and evaporation.  Evaporation will occur both 
from the tailings solid surface and from the retained pond.  A total of 47 months of operations 
was assumed. 
 
The tailings area is designed to retain excess water from snowmelt or rainfall events.  This 
will result in some ponding.  The storage available for water should retain the wet year pond 
volume and the design storm.   
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Table 3.4:  Life of Mine Assumed Climatic Inputs 
 
 Temperature (oC) Precipitation (mm) 
Month Nome <1,000’ >1,000’ Nome Site 
Jan -5.8 -6.2 -7.0 10.9 18.6 
Feb -11.2 -11.6 -12.5 10.2 17.3 
Mar -11.9 -12.3 -13.1 5.6 9.5 
Apr -3.9 4.4 -5.2 27.7 47.1 
May 5.6 5.2 4.4 9.9 16.8 
June 7.1 6.6 5.8 105.4 179.2 
July 12.5 12.1 11.2 42.4 72.1 
Aug 12.4 12.0 11.1 63.2 107.5 
Sept 8.1 7.7 6.9 89.9 152.9 
Oct -2.8 -3.2 -4.0 19.1 32.4 
Nov -4.5 -4.9 -5.8 43.9 74.7 
Dec -9.8 -10.2 -11.1 30.5 51.8 
Annual    458.7 779.8 
Site precipitation 1.7 times Nome Airport precipitation 
 

3.6.2 Life of Mine Water Balance 

A site wide water balance was prepared that combined all the site water including estimates 
of seepage loss from the tailings area, pit inflows, development rock dump storage, and site 
discharge requirements.  The methodology followed the general procedures defined in 
Section 2.4.  The life of mine water balance was calculated using the average climatic 
conditions presented on Table 3.4.  Water losses were primarily tailings pore water lock-up, 
tailings seepage, evaporation from the tailings area and net losses within the mill.  Mill circuit 
water is derived from the mill recycle water pond.  Mill recycle water pond sources are in 
order of need: 

• Thickener water. 
• Plant site precipitation/runoff.  All of this water would be used. 
• Water from the reclaim tank, which is derived from water from the seepage collection 

system and the tailings pond.  As there is little storage associated with the seepage 
collection sump, it is assumed that this source is used in preference to the tailings 
water which could pond. 

• Open pit precipitation/runoff if required.  When not required, this water would be 
treated and injected in a Class V injection system. 

• Pit interception wells, if required.  When not required, this water would be treated and 
injected in a Class V injection system. 

 
Table 3.5 lists the expected water balance items for the 4 year mine life while pumping the pit 
interception wells at the rate listed in Table 3.2.  Treatment plant and injection well capacity 
was assumed to be adequate to meet the needs of operations.  Following are comments 
regarding the information on Table 3.5. 

• All of the water from the plant site will report directly to the mill recycle pond with 
water from the thickener.  In addition all of the water from the seepage collection 
sump will report to the mill recycle pond, through the reclaim water tank. 

• Table 3.5 indicates that the mill recycle storage will contain 20,000 m3 through most 
of the year.  In practise, this volume will be drawn down to provide some storage for 
wet periods. 
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• Table 3.5 indicates that essentially none of the open pit runoff will be used in the 
process, and this water will be treated and injected to ground in a Class V system.  
Nonetheless, whenever possible during operations, open pit runoff should be pumped 
to the mill recycle water pond for use as process water. 

• During dry periods, and particularly during the winter, some of the pit interception well 
water will be pumped to the mill recycle water pond.  The remainder of the 
interception well water will be treated and injected in a Class V Injection System. 

• Table 3.5 indicated that the most significant contributors of water to the TSF are 
thickener underflow and runoff within the TSF area. 

• The water from the tailings pond will report to the mill recycle pond through the 
reclaim water tank in ice free months (May through November).  Through the winter, 
water will accumulate in the pond, predominantly as snow and ice.  During snowmelt, 
and perhaps in wet summer/fall months, there will be excess water that will pond in 
the tailings storage facility.  The calculated volume of water stored in the pond over 
the mine life is illustrated on Figure 3.6. 

• Significant volumes of water will be diverted to Lindblom and Rock creeks, thereby 
reducing the volume of water that must be managed on site. 

 
 

3.6.3 Wet and Dry Water Balance 

To illustrate the impact of operating in wet or dry years, the water balance was run in a 
repeating mode rather than a life of mine mode.  The water balance was computed for year 1 
using the climate data from 1907 to 2004.  Ten year return period wet and dry conditions 
were selected by computing statistics on the annual runoff rather than the precipitation, as 
runoff is more important to mine operations.  The selected climate years to represent 
expected operating conditions were: 

• 1978 for the average year; 
• 1933 for the 10 year return period dry year; and 
• 1932 for the ten year return period wet year. 

 
Table 3.6 provides a summary of the average, wet and dry year site responses for the first 
year of operations with twice Nome precipitation and a pit interception well pumping rate of 
600 to 635 gpm. 
 
With the dry year (1933), water from the interception wells is required for process make up 
(to the Mill Recycle Water Pond) over most of the year.  The tailings pond is expected to dry 
for five months.  Although pit runoff would be treated, very little runoff is predicted from the pit 
in these dry conditions. 
 
With the wet year (1932), water from the interception wells is mostly treated and released 
through the year as is the pit runoff.  The tailings pond fluid volume exceeds 280,000 m3 in 
June of the wet year. 
 
Under the range of conditions examined, the annual treatment volume in year one would 
range from 562,000 to 866,000 m3.   
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Table 3.5: Water Balance Calculation Summary (m3) for 1978 Climate Year

from from total Upper North Rk Pit South Rk
pit interception seepage plant site tailings plant seepage tailings pit interception net mill thickener tailings thickener Seepage Bank Evaporation Pore water Recycle interception pit Channel Dump Catchment Dump to

runoff wells recovery runoff runoff site recovery pond runoff wells losses underflow runoff underflow Storage lock up Pond wells runoff to Lindblom to Lindblom to Rock Ck Rock Ck

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 385 7,400 6,437
2 979 94,962 0 213 1,119 213 0 0 979 67,788 100 68,880 0 1,119 68,880 0 1,500 0 49,023 0 19,476 27,175 0 27,175 0 22 2,607 2,771
3 0 101,511 0 0 0 0 0 0 0 96,285 100 76,260 19,925 0 76,260 34 1,500 0 54,276 0 39,925 5,226 0 5,226 0 11 0 4
4 0 98,237 0 0 0 0 0 0 0 73,975 100 73,800 20,000 0 73,800 44 1,500 0 52,525 0 59,656 24,262 0 24,262 0 5 0 2
5 25,264 101,511 3,288 26,275 82,139 26,275 3,288 46,796 0 0 100 76,260 20,000 82,139 76,260 2,163 1,500 5,343 54,276 46,796 107,977 101,511 25,264 126,776 308,052 84,570 67,261 57,984
6 16,451 98,237 2,898 17,907 63,867 17,907 2,898 53,095 0 0 100 73,800 20,000 63,867 73,800 2,383 1,500 9,264 52,525 53,095 126,877 98,237 16,451 114,688 186,874 53,533 43,798 35,917
7 1,180 101,511 1,337 0 21,875 0 1,337 75,023 0 0 100 76,260 20,000 21,875 76,260 1,257 1,500 16,287 54,276 75,023 76,668 101,511 1,180 102,691 0 3,830 3,141 1,356
8 417 101,511 1,426 2,011 28,920 2,011 1,426 72,923 0 0 100 76,260 20,000 28,920 76,260 2,129 1,500 13,880 54,276 72,923 37,140 101,511 417 101,929 0 4,777 1,111 1,691
9 15,421 98,237 3,639 16,972 60,835 16,972 3,639 53,288 0 0 100 73,800 20,000 60,835 73,800 3,296 1,500 7,861 52,525 53,288 53,304 98,237 15,421 113,657 172,506 47,833 41,054 32,662

10 1,225 101,511 1,944 0 7,178 0 1,944 74,416 0 0 100 76,260 20,000 7,178 76,260 53 1,500 0 54,276 74,416 6,498 101,511 1,225 102,737 0 3,527 3,263 1,249
11 0 98,237 1,373 0 3,888 0 1,373 30,161 0 32,527 100 73,800 10,161 3,888 73,800 0 1,500 0 52,525 30,161 0 65,709 0 65,709 0 1,698 0 601
12 0 101,511 926 0 1,109 0 926 0 0 66,866 100 76,260 1,593 1,109 76,260 0 1,500 0 54,276 0 21,593 34,646 0 34,646 0 818 0 290

2 1 0 101,993 608 0 0 0 608 0 0 94,159 100 76,260 20,000 0 76,260 36 1,500 0 54,276 0 42,041 7,835 0 7,835 0 394 0 139
2 0 92,559 409 0 0 0 409 0 0 71,031 100 71,340 20,000 0 71,340 42 1,500 0 50,774 0 61,065 21,528 0 21,528 0 190 0 67
3 0 102,958 212 0 0 0 212 0 0 76,148 100 76,260 20,000 0 76,260 57 1,500 0 54,276 0 81,492 26,810 0 26,810 0 91 0 32
4 0 100,103 102 0 0 0 102 0 0 73,798 100 73,800 20,000 0 73,800 67 1,500 0 52,525 0 101,200 26,305 0 26,305 0 44 0 16
5 25,264 103,922 3,990 26,275 93,337 26,275 3,990 46,095 0 0 100 76,260 20,000 93,337 76,260 5,886 1,500 12,050 54,276 46,095 150,991 103,922 25,264 129,186 308,052 79,185 67,261 56,078
6 15,283 101,036 4,225 17,907 73,092 17,907 4,225 51,768 0 0 100 73,800 20,000 73,092 73,800 4,856 1,500 16,314 52,525 51,768 170,918 101,036 15,283 116,319 186,874 53,457 40,688 35,890
7 0 104,886 2,746 0 28,831 0 2,746 73,614 0 0 100 76,260 20,000 28,831 76,260 2,067 1,500 24,743 54,276 73,614 119,810 104,886 0 104,886 0 8,129 0 2,878
8 0 105,368 2,711 2,011 38,820 2,011 2,711 71,638 0 0 100 76,260 20,000 38,820 76,260 3,186 1,500 20,161 54,276 71,638 84,127 105,368 0 105,368 0 9,551 0 3,382
9 14,169 102,436 4,903 16,972 64,585 16,972 4,903 52,025 0 0 100 73,800 20,000 64,585 73,800 4,646 1,500 11,158 52,525 52,025 100,658 102,436 14,169 116,604 172,506 46,320 37,721 32,126

10 0 106,332 3,058 0 5,942 0 3,058 73,302 0 0 100 76,260 20,000 5,942 76,260 81 1,500 0 54,276 73,302 53,701 106,332 0 106,332 0 6,696 0 2,371
11 0 103,369 2,207 0 2,975 0 2,207 71,693 0 0 100 73,800 20,000 2,975 73,800 51 1,500 0 52,525 71,693 4,706 103,369 0 103,369 0 3,224 0 1,142
12 0 107,297 1,549 0 433 0 1,549 0 0 60,434 100 76,260 5,623 433 76,260 0 1,500 0 54,276 0 25,623 46,863 0 46,863 0 1,552 0 550

3 1 0 107,297 1,069 0 0 0 1,069 0 0 89,667 100 76,260 20,000 0 76,260 38 1,500 0 54,276 0 46,070 17,629 0 17,629 0 747 0 265
2 0 96,913 750 0 0 0 750 0 0 68,230 100 68,880 20,000 0 68,880 44 1,500 0 49,023 0 64,383 28,683 0 28,683 0 360 0 127
3 0 107,297 465 0 0 0 465 0 0 75,895 100 76,260 20,000 0 76,260 59 1,500 0 54,276 0 84,807 31,401 0 31,401 0 173 0 61
4 0 103,836 289 0 0 0 289 0 0 73,611 100 73,800 20,000 0 73,800 69 1,500 0 52,525 0 104,513 30,225 0 30,225 0 83 0 30
5 32,002 107,297 4,375 26,275 99,174 26,275 4,375 45,709 0 0 100 76,260 20,000 99,174 76,260 7,777 1,500 15,197 54,276 45,709 155,489 107,297 32,002 139,298 308,052 73,799 60,524 54,171
6 19,359 103,836 4,972 17,907 79,515 17,907 4,972 51,021 0 0 100 73,800 20,000 79,515 73,800 6,510 1,500 20,594 52,525 51,021 176,653 103,836 19,359 123,194 186,874 53,381 36,613 35,863
7 0 107,297 3,597 0 34,680 0 3,597 72,763 0 0 100 76,260 20,000 34,680 76,260 2,704 1,500 30,765 54,276 72,763 125,585 107,297 0 107,297 0 12,428 0 4,400
8 0 107,297 3,541 2,011 47,293 2,011 3,541 70,808 0 0 100 76,260 20,000 47,293 76,260 4,090 1,500 24,886 54,276 70,808 93,577 107,297 0 107,297 0 14,326 0 5,072
9 17,947 103,836 5,801 16,972 68,499 16,972 5,801 51,127 0 0 100 73,800 20,000 68,499 73,800 5,919 1,500 13,825 52,525 51,127 110,979 103,836 17,947 121,782 172,506 44,806 33,942 31,590

10 0 107,297 3,888 0 5,139 0 3,888 72,472 0 0 100 76,260 20,000 5,139 76,260 88 1,500 0 54,276 72,472 64,042 107,297 0 107,297 0 9,865 0 3,493
11 0 103,836 2,822 0 2,381 0 2,822 71,078 0 0 100 73,800 20,000 2,381 73,800 57 1,500 0 52,525 71,078 15,063 103,836 0 103,836 0 4,750 0 1,682
12 0 107,297 2,009 0 0 0 2,009 0 0 69,866 100 76,260 15,515 0 76,260 32 1,500 0 54,276 0 35,515 37,431 0 37,431 0 2,287 0 810

4 1 0 107,297 1,414 0 0 0 1,414 0 0 79,431 100 76,260 20,000 0 76,260 43 1,500 0 54,276 0 55,956 27,865 0 27,865 0 1,101 0 390
2 0 96,913 1,006 0 0 0 1,006 0 0 67,974 100 68,880 20,000 0 68,880 49 1,500 0 49,023 0 74,263 28,939 0 28,939 0 530 0 188
3 0 107,297 655 0 0 0 655 0 0 75,705 100 76,260 20,000 0 76,260 65 1,500 0 54,276 0 94,683 31,592 0 31,592 0 255 0 90
4 0 103,836 432 0 0 0 432 0 0 73,468 100 73,800 20,000 0 73,800 75 1,500 0 52,525 0 114,383 30,367 0 30,367 0 123 0 44
5 32,002 107,297 4,691 26,275 104,215 26,275 4,691 45,394 0 0 100 76,260 20,000 104,215 76,260 9,382 1,500 17,968 54,276 45,394 166,339 107,297 32,002 139,298 308,052 68,414 60,524 52,264
6 19,359 103,836 5,580 17,907 89,192 17,907 5,580 50,413 0 0 100 73,800 20,000 89,192 73,800 7,782 1,500 24,014 52,525 50,413 193,098 103,836 19,359 123,194 186,874 53,306 36,613 35,837
7 0 107,297 4,279 0 38,260 0 4,279 72,081 0 0 100 76,260 20,000 38,260 76,260 3,217 1,500 35,855 54,276 72,081 140,689 107,297 0 107,297 0 16,727 0 5,922
8 0 107,297 4,211 2,011 53,681 2,011 4,211 70,138 0 0 100 76,260 20,000 53,681 76,260 4,849 1,500 29,054 54,276 70,138 110,813 107,297 0 107,297 0 19,100 0 6,763
9 17,947 103,836 6,534 16,972 77,314 16,972 6,534 50,393 0 0 100 73,800 20,000 77,314 73,800 6,986 1,500 16,172 52,525 50,393 134,350 103,836 17,947 121,782 172,506 43,292 33,942 31,054

10 0 107,297 4,571 0 2,380 0 4,571 71,789 0 0 100 76,260 20,000 2,380 76,260 103 1,500 0 54,276 71,789 85,322 107,297 0 107,297 0 13,034 0 4,615
11 0 103,836 3,331 0 341 0 3,331 70,569 0 0 100 73,800 20,000 341 73,800 69 1,500 0 52,525 70,569 34,800 103,836 0 103,836 0 6,276 0 2,222
12 0 107,297 2,388 0 0 0 2,388 0 0 73,972 100 76,260 20,000 0 76,260 42 1,500 0 54,276 0 55,241 33,325 0 33,325 0 3,022 0 1,070

Pond 
Volume

Tailings Pond Diverted Water

from To

Treated and Injected

Year Month
Water Sources

Mill Recycle Water Pond

from
Pond 

Volume

to

Tables 3.5 and 3.6.xls - Table 3.5 Water Management Consultants Rock Creek Project



Table 3.6:  Year One Water Balance  (m3) Calculation Summary for Dry, Average and Wet Years

from from total Upper North Rk Pit South Rk
pit interception seepage plant site tailings plant seepage tailings pit interception net mill thickener tailings tailings thickener Seepage Bank Evaporation Pore water Recycle interception pit Channel to Dump to Catchment Dump to

runoff wells recovery runoff runoff site recovery pond runoff wells losses underflow runoff moisture underflow Storage lock up Pond wells runoff Lindblom Lindblom to Rock Ck Rock Ck

Dry 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7,400 6,412
1933 2 997 91,688 0 243 3,361 243 0 0 997 69,458 100 68,880 1,718 3,361 0 68,880 0 1,500 0 49,023 0 21,718 22,230 0 22,230 0 0 2,653 2,847

3 0 101,511 0 0 794 0 0 0 0 94,642 100 76,260 20,000 794 0 76,260 36 1,500 0 54,276 0 42,960 6,869 0 6,869 0 0 0 5
4 0 98,237 0 0 0 0 0 0 0 73,900 100 73,800 20,000 0 0 73,800 45 1,500 0 52,525 0 62,689 24,337 0 24,337 0 0 0 2
5 11,721 101,511 1,534 18,824 55,084 18,824 1,534 56,003 0 0 100 76,260 20,000 55,084 0 76,260 1,113 1,500 0 54,276 56,003 81,141 101,511 11,721 113,233 105,916 14 31,206 49,949
6 0 98,237 450 0 7,809 0 450 73,450 0 0 100 73,800 20,000 7,809 0 73,800 676 1,500 9,652 52,525 73,450 24,946 98,237 0 98,237 81,374 1 0 582
7 0 101,511 387 0 4,194 0 387 35,000 0 35,973 100 76,260 15,000 4,194 0 76,260 417 1,500 14,208 54,276 35,000 0 65,539 0 65,539 0 0 0 280
8 0 101,511 551 0 22,297 0 551 28,286 0 40,810 100 76,260 8,286 22,297 0 76,260 2,230 1,500 12,265 54,276 28,286 0 60,702 0 60,702 0 2 0 1,384
9 0 98,237 744 0 8,513 0 744 22,279 0 44,870 100 73,800 2,279 8,513 0 73,800 851 1,500 5,158 52,525 22,279 0 53,367 0 53,367 0 1 0 811
10 0 101,511 579 0 0 0 579 20,484 0 53,502 100 76,260 484 0 0 76,260 0 1,500 0 54,276 20,484 0 48,009 0 48,009 0 0 0 351
11 0 98,237 357 0 0 0 357 19,775 0 53,284 100 73,800 0 0 0 73,800 0 1,500 0 52,525 19,775 0 44,952 0 44,952 0 0 0 169
12 0 101,511 175 0 0 0 175 0 0 76,669 100 76,260 484 0 0 76,260 0 1,500 0 54,276 0 20,484 24,843 0 24,843 0 0 0 68

0
Average 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7,400 6,412

1978 2 997 91,688 0 246 3,567 246 0 0 997 69,660 100 68,880 1,923 3,567 0 68,880 0 1,500 0 49,023 0 21,923 22,028 0 22,028 0 0 2,653 2,847
3 0 101,511 0 0 945 0 0 0 0 94,437 100 76,260 20,000 945 0 76,260 36 1,500 0 54,276 0 43,317 7,074 0 7,074 0 0 0 5
4 0 98,237 0 0 0 0 0 0 0 73,900 100 73,800 20,000 0 0 73,800 46 1,500 0 52,525 0 63,046 24,337 0 24,337 0 0 0 2
5 12,922 101,511 1,750 19,963 64,948 19,963 1,750 54,646 0 0 100 76,260 20,000 64,948 0 76,260 1,651 1,500 5,370 54,276 54,646 86,811 101,511 12,922 114,433 200,948 16 34,401 53,196
6 14,912 98,237 2,603 20,283 72,991 20,283 2,603 51,014 0 0 100 73,800 20,000 72,991 0 73,800 2,453 1,500 9,053 52,525 51,014 117,057 98,237 14,912 113,149 204,718 18 39,701 54,671
7 1,803 101,511 1,341 0 16,547 0 1,341 75,019 0 0 100 76,260 20,000 16,547 0 76,260 1,266 1,500 16,146 54,276 75,019 61,657 101,511 1,803 103,314 0 2 4,800 1,224
8 878 101,511 1,434 2,278 24,982 2,278 1,434 72,649 0 0 100 76,260 20,000 24,982 0 76,260 2,156 1,500 13,697 54,276 72,649 18,622 101,511 878 102,389 0 2 2,338 7,027
9 14,000 98,237 3,444 19,224 69,551 19,224 3,444 51,232 0 0 100 73,800 20,000 69,551 0 73,800 3,351 1,500 7,732 52,525 51,232 45,633 98,237 14,000 112,237 190,350 16 37,272 51,326
10 1,937 101,511 2,018 0 1,993 0 2,018 68,062 1,937 4,344 100 76,260 20,000 1,993 0 76,260 48 1,500 0 54,276 68,062 0 97,168 0 97,168 0 2 5,156 1,234
11 0 98,237 1,427 0 56 0 1,427 19,831 0 32,642 100 73,800 0 56 0 73,800 0 1,500 0 52,525 19,831 0 65,595 0 65,595 0 1 0 594
12 0 101,511 966 0 0 0 966 0 0 75,878 100 76,260 484 0 0 76,260 0 1,500 0 54,276 0 20,484 25,634 0 25,634 0 1 0 207

0
Wet 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7,400 6,412
1932 2 995 91,688 0 96 3,254 96 0 0 995 74,419 100 71,340 4,070 3,254 0 71,340 0 1,500 0 49,023 0 24,070 17,268 0 17,268 0 0 2,650 2,847

3 0 101,511 0 0 862 0 0 0 0 92,290 100 76,260 20,000 862 0 76,260 37 1,500 0 54,276 0 45,379 9,222 0 9,222 0 0 0 5
4 0 98,237 0 0 0 0 0 0 0 73,900 100 73,800 20,000 0 0 73,800 47 1,500 0 52,525 0 65,108 24,337 0 24,337 0 0 0 2
5 48,105 101,511 6,204 53,375 167,702 53,375 6,204 16,780 0 0 100 76,260 20,000 167,702 0 76,260 2,857 1,500 0 54,276 16,780 233,656 101,511 48,105 149,616 527,838 60 128,068 141,881
6 21,346 98,237 3,646 25,475 93,266 25,475 3,646 44,778 0 0 100 73,800 20,000 93,266 0 73,800 2,414 1,500 12,683 52,525 44,778 286,822 98,237 21,346 119,583 364,628 26 56,828 69,375
7 2,596 101,511 1,611 0 17,087 0 1,611 74,749 0 0 100 76,260 20,000 17,087 0 76,260 1,121 1,500 17,909 54,276 74,749 230,615 101,511 2,596 104,108 0 2 6,912 1,827
8 823 101,511 1,427 0 16,344 0 1,427 74,933 0 0 100 76,260 20,000 16,344 0 76,260 1,310 1,500 14,807 54,276 74,933 176,394 101,511 823 102,335 0 1 2,192 1,254
9 12,292 98,237 3,045 18,263 63,283 18,263 3,045 52,592 0 0 100 73,800 20,000 63,283 0 73,800 2,715 1,500 6,217 52,525 52,592 197,928 98,237 12,292 110,529 179,217 14 32,725 48,761
10 1,967 101,511 1,856 1,743 6,470 1,743 1,856 72,761 0 0 100 76,260 20,000 6,470 0 76,260 512 1,500 0 54,276 72,761 151,609 101,511 1,967 103,478 0 2 5,236 5,543
11 936 98,237 1,450 0 893 0 1,450 72,450 0 0 100 73,800 20,000 893 0 73,800 112 1,500 0 52,525 72,450 99,715 98,237 936 99,173 0 1 2,493 718
12 0 101,511 1,008 0 0 0 1,008 0 0 75,352 100 76,260 20,000 0 0 76,260 81 1,500 0 54,276 0 120,119 26,160 0 26,160 0 0 0 247

from to
Pond 

Volume

from To
Pond 

Volume

Tailings Pond Treated and Injected Diverted Water

Year Month
Water Sources Mill Recycle Water Pond

Tables 3.5 and 3.6.xls - Table 3.5 Water Management Consultants Rock Creek Project
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3.6.4 Design Capacity for Water in Tailings Area 

A memorandum prepared by Ecological Resource Consultants, Inc (ERC) and dated April 
12, 2006 regarding the tailings storage facility process solution requirements is attached as 
Appendix I.  As the objective of defining fluid retention for input to the tailings facility design is 
different from the needs of a water balance, the calculation procedures used are different in 
the calculations reported in the memorandum than described in this study.  For example: 

1. Climate data used by ERC to define average conditions was average monthly values 
whereas this study used 1978 precipitation to illustrate a year with average 
precipitation. 

2. To define wet conditions, ERC used the wettest four year period and inserted a 100 
return period wet year to model mine operations during a significant wet period.  This 
study used the 1932 rainfall to illustrate the impact of a wet year with a return period 
of about 10 years on year one of operations.  ERC also used a 100 year return period 
fro Drought conditions while this study used the 1933 climate record to approximate a 
10 year return period dry condition. 

3. ERC used runoff coefficients to define expected runoff from natural ground.  This 
study calculated evapotranspiration based on precipitation and temperature data and 
included groundwater recharge and discharge to define runoff. 

4. Seepage from the tailings was calculated for the ERC report based on the design of 
the tailings facility.  Seepage was assumed in this study as a function of solution 
volume. 

5. ERC assumed water would arrive in the process stream as moisture in the ore.  This 
study does not consider this source of moisture except as a small contribution to net 
process loss. 

 
Given the above, the fluid balance derive by ERC is very similar to the site wide water 
balance developed in this study. 
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4 CLOSURE MINE WATER MANAGEMENT 

4.1 Introduction 
 
Following mine operations, the mine will be closed. This will include the following to the water 
management systems at the site. 

• The diversion ditch upslope of the North Development Rock Dump from Rock Creek 
to Lindblom Creek will be removed and the area graded to discourage flow 
concentration. 

• A new diversion ditch will be installed upslope of the North Development Rock Dump 
to direct water from this catchment towards the pit lake. 

• The diversion ditch from upslope of the South Development Rock Dump to upper 
Rock Creek will be left intact, diverting flow to Rock Creek and the pit lake. 

• Development rock dump surfaces will be graded to discourage flow concentration and 
potential erosion. 

• The interception ditch downslope of the North Development Rock Dump and the 
South Development Rock Dump will be removed and the area graded to discourage 
flow concentration. 

• The tailings area will be capped and graded to shed water without erosion. 
• The seepage collection system will be removed, assuming that groundwater 

concentrations meet regulatory requirements. 
• The plant site structures and related surface features will be removed.  The site will 

be graded to discourage flow concentration. 
• The pit perimeter wells will be turned off and pumps and piping removed.  Surface 

expressions will be removed and the well bores capped. 
• The Class V underground injection system will be left in place, but with all surface 

features removed. 
• The Rock Creek Fan wells will be turned off and pumps and piping removed.  Surface 

expressions will be removed and the well bores capped. 
• The open pit will be allowed to flood from groundwater and surface water inflow. The 

low crest on the pit is at about 68 m.  The high point on the pit wall will be about 150 
m.  The pit floor will be at an elevation of about –10 m.  The pit lake water level after 
flooding is expected to reach an elevation of about 68 m.  Following flooding, water 
will discharge from the pit lake, possibly throughout the year.  This water will 
discharge into Rock Creek. 

 
Most of the mine elements will therefore be removed on closure as shown on Figure 4.1.  
Topographic changes will remain at the tailings area and the Development Rock Dumps.  A 
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pit lake will form at the pit site.  Only one ditch will be retained, and it will be along a hillside 
that already has ditches training water towards Rock Creek.  The following sections address 
the timing of pit lake filling and the expected water balance for the pit lake. 
 
 
4.2 Pit Lake Filling 
Pit lake filling time was estimated assuming an elevation volume relationship within the pit, 
and with water flow criteria established in the water balance.  The water surface was 
considered to determine the pit lake evaporation.  The elevation volume assumed is 
presented on Table 4.1.  The filling curve for average conditions at 2 times Nome Airport 
precipitation is illustrated on Figure 4.2.  The filling time is expected to take from 1.5 to 3 
years. 
 
Table 4.1:  Pit Lake Elevation, Area and Volume Relationships 
 

Elevation (m) Area (m2) Volume (m3) 
-10 2,655 0 
-5 2,656 13,278 
0 4,892 34,673 
5 9,050 76,308 

10 13,099 136,575 
15 18,490 223,343 
20 22,388 328,911 
25 28,344 462,161 
30 33,076 620,229 
35 43,000 832,232 
40 52,923 1,094,044 
45 62,847 1,397,595 
50 70,053 1,736,892 
55 80,000 2,133,970 
60 91,421 2,579,769 
65 105,147 3,092,953 
68 110,000 3,421,313 

 
 
4.3 Pit Lake Water Balance 
 
The pit will be filled and the spill elevation of the pit lake will be 68 masl.  Contributions to the 
pit lake water balance will be direct precipitation on the lake surface, surface water inflow and 
groundwater inflow.  Discharge from the lake will include spillage and evaporation.  The long 
term average water balance for the pit lake is presented on Tables 4.2 and 4.3 for 1.5 and 2 
times the Nome precipitation, to provide a range of potential inflows. 
 
From Tables 4.2 and 4.3, the range of average annual pit inflows will be 1 to 2 million m3 with 
about 69% from the catchment and from diversion ditches to the pit lake, 6% from snowmelt 
and rainfall on the pit lake surface and 25% as groundwater inflow.  Approximately 96% of 
the water spills from the pit lake and 4% evaporates. 
 
The spill from the pit lake will flow down the original Rock Creek channel to the confluence 
with Snake River.  The most significant change to the closure Rock Creek Flows from the 
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pre-mine condition is attenuation of peak flows from storage in the pit lake and the increase 
in expected winter groundwater discharge and therefore base flows. 
 
Table 4.2:  Pit Lake Water Balance Estimate (Precipitation 1.5 times Nome)   
         
  Surface water into pit (m3) GW total evaporation volume 

  from from snowmelt total to to  from spilled 
Month pit pit walls and rain to pit lake pit pit pond   

  catchment   on lake   (m3) (m3)   (m3) 
               
Jan 0 0 0 0 21,427 21,427 0 21,427 
Feb 0 0 0 0 20,045 20,045 0 20,045 
Mar 0 0 0 0 21,427 21,427 0 21,427 
Apr 0 0 0 0 20,736 20,736 7,713 20,736 
May 271,973 12,609 16,877 301,458 21,427 322,886 10,014 315,172 
Jun 223,753 11,994 17,393 253,140 20,736 273,876 14,684 263,862 
Jul 0 0 6,999 6,999 21,427 28,426 12,055 13,742 
Aug 8,047 4,402 10,436 22,884 21,427 44,312 6,740 32,257 
Sep 211,063 11,104 14,836 237,003 20,736 257,739 0 251,000 
Oct 0 0 0 0 21,427 21,427 0 21,427 
Nov 0 0 0 0 20,736 20,736 0 20,736 
Dec 0 0 0 0 21,427 21,427 0 21,427 
Annual 714,836 40,109 66,540 821,485 252,979 1,074,464 51,206 1,023,258
         
         
Table 4.3:  Pit Lake Water Balance Estimate (Precipitation 2 times Nome)   
         
  Surface water into pit (m3) GW total evaporation volume 

  runoff from snowmelt total to to  from spilled 
Month to pit walls and rain to pit lake pit pit pond   

  pit   on lake   (m3) (m3)   (m3) 
               
Jan 0 0 0 0 42,854 42,854 0 42,854 
Feb 0 0 0 0 40,090 40,090 0 40,090 
Mar 0 0 0 0 42,854 42,854 0 42,854 
Apr 0 0 0 0 41,472 41,472 7,713 41,472 
May 490,485 19,995 24,504 534,984 42,854 577,839 10,014 570,125 
Jun 384,577 17,609 23,190 425,376 41,472 466,848 14,684 456,834 
Jul 0 1,927 9,332 11,259 42,854 54,113 12,055 39,429 
Aug 87,178 7,638 13,914 108,729 42,854 151,584 6,740 139,529 
Sep 348,249 15,893 19,782 383,923 41,472 425,395 0 418,655 
Oct 0 0 0 0 42,854 42,854 0 42,854 
Nov 0 0 0 0 41,472 41,472 0 41,472 
Dec 0 0 0 0 42,854 42,854 0 42,854 
Annual 1,310,488 63,061 90,722 1,464,272 505,958 1,970,230 51,206 1,919,025
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5 CONCLUSIONS 

 

Hydrometeorology 
A long term climate record is available for Nome, only 10 km south of the Rock Creek gold 
mine prospect.  Stream flow data and limited site precipitation data indicates that the annual 
site precipitation at the site is approximately 1.7 times the precipitation at Nome, possibly due 
to orographic effects.  The annual site precipitation may therefore be approximately 720 mm 
(28 in.).  On average, the highest precipitation months are July, August and September when 
about 50% of precipitation occurs.  Site evaporation is expected to be approximately 420 mm 
(16 in.) per year, almost all from May to September.  Evapotranspiration on natural slopes is 
expected to be approximately 180 mm (7 in.)  The average monthly temperatures range from 
-13.1oC in January to 10.3oC in July.   

 

 

Mine Water Management 
Diversion Ditches 
To minimize fresh surface water runoff from passing through the mine site, surface water 
from upslope will be diverted through a ditch to Lindblom Creek.  Interception ditches will be 
constructed downstream of the development rock dumps to route this water to Lindblom 
Creek or Rock Creek.  Water will not be diverted to Glacier Creek.   
 
Pit Dewatering Wells 
Groundwater moving towards the pit will be intercepted with pumping wells.  This water will 
either be used as process water or will be treated and reintroduced to the groundwater 
through a Class V injection system. 
 
Process Water 
Process water will come from the following sources: 

• Plant site runoff; 
• Water from the seepage collection system 
• Recycled tailings transport water and precipitation from the tailings pond; 
• Open pit runoff derived from precipitation; and 
• Pit interception wells 
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If additional process make up water is required in addition to the above sources, water 
supply wells can be installed in the Rock Creek Alluvium or additional wells can be pumped 
from the pit area. 
 

 

Water Balance 
Process Water Supply 

The water balance indicates that there will be water at the mine site in excess of that 
required for processing.  Thus, no external sources of makeup water are expected to be 
required through the life of the mine.  Excess water at the mine will need to be treated and 
reintroduced to groundwater in a Class V injection system on the Rock Creek alluvial fan and 
in bedrock injection wells.  Excess water on the site means that the mine needs to allow for 
the capability to store excess water during wet periods.  Storage capacity considerations are 
addressed in Appendix I. 

Water treatment capacity for Class V injection 

Excess water from the pit dewatering wells will require treatment prior to reintroduction to the 
groundwater.  The expected pit well field pumping rate is expected to be on the order of 635 
GPM.  The water treatment capacity for the pit dewatering wells will need to be on the order 
of 110,000 m3 per month over a five month period of the year.  In addition there can be up to 
44,000 m3 of runoff water in the pit during spring break up.   

 
The Class V injection system must be capable of accepting a maximum flow rate of on the 
order of 150,000 m3 per month.  The proposed Class V system can be expanded as 
necessary, based on the actual monitored performance. 

 

The expected travel time at the Rock Creek Injection site for the injected treated water to 
reach the Snake River alluvium is on the order of 5 years.  The expected travel time for water 
injected into the bedrock Injection Wells to reach the Snake River Alluvium is in excess of 2 
years. 

 
Pit Filling 

The annual average pit inflows are expected to be 1 to 2 million m3 with about 69% from the 
catchment and from diversion ditches to the pit lake, 6% from snowmelt and rainfall on the pit 
lake surface and 25% as groundwater inflow.  The open pit filling time is expected to take 
from 1.5 to 3 years. 

 

 

Recommendations 
1. Due to the predicted excess water at site, water supply wells to provide make up 

water should only be installed if and when they are needed.  The need for these 
water supply wells will be evident upon analysis and consideration of water balance 
information collected upon start up of the mining operation. 
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2. Take steps to decrease the excess water on site as follows: 

• Snow fencing can be installed around the tailings area and open pit to 
minimize the potential for snow accumulation within the pit. 

• Snow removal equipment and capability can be considered to enable snow 
removal from the catchment of the mine workings and plant site. 
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Figure 1.1 Site Location Plan
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Figure 2.1

Figure 2.1:  Five Year Running Average of Nome Precipitation and Temperature
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Figure 2.2

Figure 2.2:  Comparison of 2005 Monthly Precipitation for Nome Airport and Rock 
Creek
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Figure 2.5

Figure 2.5:  Measured and Calculated Monthly Flows for Snake River (1982 to 1992)
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Figure 2.6

Figure 2.6 Measured and Calculated Cumulative Volume for Snake River (1983 to 1992)
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Figure 2.7:  Measured and Modelled Creek Flows
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Figure 3.6

Figure 3.6:  Calculated Volume of Water Stored in Tailings Pond with Average Precipitation
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Figure 4.1 Closure Plan Layout
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Figure 4.2

Figure 4.2:  Pit Water Level Following Closure
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35715 US Hwy. 40, Suite D204 ~ Evergreen, CO 80439 ~ 303.679.4820 
 

 

Technical Memorandum 
 
Date:  April 12, 2006 
 
To:  Ryan Baker, Smith Williams Consultants, Inc. 
 
From:  Troy Thompson 
 
Project: Rock Creek Mine 
 
Re:  Water Balance Analysis 
 
 
Ecological Resource Consultants, Inc. (ERC) has completed a water balance 
model for the proposed Rock Creek mine site at the request of Smith Williams 
Consultants, Inc. (SWC). The purpose of this model is to predict monthly 
fluctuations in solution volumes and water flow rates within the mine system. 
Assumptions used in the model, modeling techniques and results obtained are 
presented herein. 
 
1.0 WATER BALANCE COMPONENTS 
 
This water balance incorporates water inputs into the system including pit 
dewatering wells, ore water and meteorological water. It also specifically tracks 
free water/solution within the tailings storage facility (TSF) and average monthly 
flow rates within the system. Figure 1 shows a schematic of the overall flow 
diagram as modeled in the water balance. 
 
 
2.0 MODEL ASSUMPTIONS/INPUTS 
 

2.1 Production 
 
Mine Plan 
The current mine plan, which has a duration of 47 months, was used for the water 
balance model. Operations were modeled as commencing in February of 2007 
(Year 1) and continuing through the end of December 2010 (Year 4). 
 
Monthly Production Rates – Production rates were assumed to remain at a 
constant level of 7,716 short tons per day (dry) for the 47 month life of the mine. 
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2.2 Climatologic & Hydrologic 
 
Climatologic Data 
Background climatologic data used in the water balance models is presented in 
the Technical Memo “Rock Creek and Big Hurrah Mine Sites – Climate Data” by 
ERC dated September 23, 2005. Precipitation values presented in the September 
2005 technical memo were revised in ERC’s Updated Precipitation Analysis memo 
dated January 5, 2006. Precipitation data used in the model is based on the 
January update. Site precipitation was modeled as 170% of precipitation recorded 
at the Nome Station. 
 
Rain verses Snow Season 
As presented in the climate evaluation, average temperatures are above freezing 
for the months of May through September. Any precipitation during this season is 
assumed to occur in the form of rain. Temperatures are below freezing for the 
months of November through March and all precipitation during this time is 
anticipated to be in the form of snow. For the months of April and October 
approximately half of the days are above freezing and half are below freezing 
given normal conditions. As a result, half of the precipitation in these months is 
modeled in the form of snow and half in the form of rain. 
 
Reclaim Solution Season 
The model assumes that solution can be reclaimed from the TSF impoundment 
beginning in April and continuing through December (9 months) of each year 
during operations, as needed. During the remainder of the year, free water in the 
impoundment is assumed to be in an ice form and reclaim is not available. 
 
Snow and Ice Melt 
Based on results of the climate evaluation (ERC, 2005), the model assumes that 
half of the winter snow/ice accumulation melts in the month of April and the 
remaining half melts in the month of May. This assumption includes ice and snow 
within the TSF impoundment in addition to snowpack from the tributary drainage 
areas. 
 
Evaporation Coefficients 
The modeled evaporation coefficient for the tailings pond surface is assumed to be 
50% of pond evaporation. This accounts for a portion of the surface being tailings 
and a portion being free water. 
 
Runoff Coefficient 
A runoff coefficient of 1 was used to model direct runoff from the tailings. This 
assumes that rainfall on the tailings remains in the system to contribute to the free 
water pond, evaporate or be lost as seepage.  
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Monthly Rainfall Runoff Coefficients 
Modeled monthly runoff coefficients during the warmer months for undisturbed 
ground tributary to the impoundment are:  
 

o April   0.5 
o May  0.3 
o June   0.3 
o July   0.35 
o August  0.35 
o September  0.4 
o October  0.5 

 
Monthly Snowmelt Runoff Coefficients
Modeled runoff from snowpack is assumed to be 95% for snow on the tailings 
surface, 100% for snow on the lined face of the embankment and 65% for snow on 
the undisturbed ground tributary to the impoundment. 
 

2.3 TSF Embankment and Impoundment 
 
Embankment Staging 
Embankment staging was provided by SWC. Three stages of construction are 
anticipated. Stage 1 will be completed for the February 2007 start up date. The 
initial embankment will be constructed to a crest elevation of 160 feet. The second 
phase, constructed to a crest elevation of 176 feet, will be operational starting in 
August of 2007 and the final embankment phase will come on line in July of 2008 
with a crest elevation of 197 feet. Tributary drainage areas at the three different 
phases are 5,586,735 square feet (0.20 square miles) for Stage 1, 5,802,249 
square feet (2.1 square miles) for Stage 2 and 6,137,739 square feet (0.22 square 
miles) for Stage 3. 
 
Embankment Freeboard 
The TSF design criteria require that a minimum of 3.3 feet of freeboard be 
maintained at all times in the impoundment. This equates to 90 acre-feet of 
storage within the freeboard limits. 
 
Tailings and Available Water Storage 
Tailings and water storage capacity of the impoundment was provided by SWC 
and used in the water balance model. ERC interpolated values for months when 
data was not calculated. Storage at different times during the life of the facility 
along with planned embankment phasing is provided on the following table. 
Highlighted cells indicate values interpolated by ERC. 
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Date 
Tailings Surface 

Area (acres) 
Exposed Liner 

(acres) 
Max. Water Storage 

Vol. (ac-ft) 
2/1/2007 0 8 577 
2/10/2007 5 8 545 
2/23/2007 11 7 493 
3/20/2007 19 7 411 
4/6/2007 26 6 373 
5/3/2007 31 6 281 
6/11/2007 41 6 270 
7/10/2007 46 5 270 
7/29/2007 50 5 240 
8/26/2007 55 10 678 
9/25/2007 58 9 638 
10/25/2007 61 9 597 
11/24/2007 64 9 557 
12/23/2007 67 8 517 
1/26/2008 70 8 450 
2/28/2008 73 7 384 
3/28/2008 74 7 349 
4/25/2008 75 7 315 
5/24/2008 76 7 281 
6/22/2008 77 7 247 
7/21/2008 79 9 401 
8/20/2008 81 11 555 
9/18/2008 82 13 709 
10/18/2008 84 14 863 
11/10/2008 87 14 858 
12/4/2008 89 13 852 
1/11/2009 92 12 805 
2/18/2009 95 11 758 
3/18/2009 96 11 718 
4/16/2009 97 11 678 
5/14/2009 98 11 638 
6/12/2009 100 11 598 
7/10/2009 101 11 558 
8/8/2009 102 10 518 
9/5/2009 103 10 478 
10/6/2009 105 10 460 
11/7/2009 107 9 442 
12/8/2009 109 9 424 
1/8/2010 111 9 406 
2/9/2010 113 8 389 
3/12/2010 115 8 371 
4/12/2010 116 7 353 
5/3/2010 117 7 341 
5/23/2010 118 7 329 
6/12/2010 119 7 317 
7/3/2010 120 7 305 
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7/23/2010 121 7 292 
8/12/2010 122 7 280 
9/2/2010 123 7 268 

 
 

Initial Impoundment Water Storage 
The Stage 1 embankment is scheduled for completion prior to production 
commencing in February of 2007. For the water balance model it was assumed 
that no water/ice will be stored in the impoundment at startup. 
 

2.4 Tailings Properties 
 
Tailings Moisture Contents 
The following tailings moisture contents have been used in the water balance 
model.  

 
o Tailings Slurry Percent Solids (by weight) 74% 
o Tailings Slurry Moisture Content   35.1% 
o Tailings Specific Gravity    2.75 
o Consolidated Tailings Density (dry)  1.52 
o Consolidated Tailings Moisture Content  25% 
o Consolidated Tailings Saturation (%)  85% 

 
Consolidated tailings moisture content is assumed to be “locked” in the tailings 
and not available to be reclaimed.  
 

2.5 Other Water Sources 
 
Pit Water 
Pit dewatering requirements were developed based on pit interception estimates 
presented in the report “Rock Creek Mine Project, Water Management Report” 
prepared by Water Management Consultants (WMC). Dewatering rates were 
estimated for the end of year conditions based on pit development. The 
dewatering rates at the end of each year of operation used in the model are 
presented below. 

 
End of Year Pit Dewatering Rate (gpm) 

2007 600 
2008 600 
2009 635 
2010 635 

 
Dewatering rates were assumed to be constant at 600 gpm throughout the first 
year of operations and were linearly interpolated based on these year-end values 
during 2009. 
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This water is available as raw water that can be used to supplement reclaim from 
the impoundment to meet the demands of the ore processing. Any pit water that is 
not used as reclaim will be discharged into the infiltration gallery. The pit 
dewatering system is assumed to be operational year-round beginning at the start 
of production. 
 
Seepage 
SWC provided estimated seepage losses from the TSF. Seepage lost will be 
collected by the seepage collection system within the TSF and reclaimed as 
process water separate from the impoundment reclaim system. Estimates for 
annual seepage given the three embankment stages were generated and monthly 
distributions developed by others.  
 
Average annual seepage rates for the three embankment stages are: 
 

o Stage 1 6.0 gpm 
o Stage 2 22.6 gpm 
o Stage 3 60.8 gpm 

 
Seepage over the three stages was distributed monthly according to the following 
percentages: 
 

Month Stage 1 Stage 2 Stage 3 
January 0% 0% 7% 
February 0% 0% 2% 

March 0% 0% 0% 
April 0% 0% 0% 
May 4% 2% 1% 
June 6% 2% 1% 
July 8% 4% 2% 

August 17% 32% 39% 
September 37% 24% 19% 

October 27% 18% 10% 
November 1% 12% 10% 
December 0% 6% 9% 

Total 100% 100% 100% 
 
 
The seepage collection systems will be designed so that seepage water is 
pumped back to the plant to satisfy a portion of the reclaim water required by the 
plant operations. 
 
The model limits seepage to available water in the pond within the TSF 
impoundment. Seepage was not allowed to reduce water in the pond below 16 
acre-feet. 
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Process Plant Stormwater 
Stormwater runoff from the process plant site is collected by the diversion 
channels around the perimeter of the plant site and routed to the mill recycle water 
pond. This water is accounted for in the water balance model. The area within the 
process plant diversion ditches that contributes meteorological water to the system 
was modeled as 2,090,880 square feet. 
 

2.6 Reclaim System, Makeup and Infiltration 
 
Maximum Reclaim Rate 
A maximum reclaim rate of 412.1 gpm is used in the model. This value includes a 
96% production utilization factor. Reclaim water needs are met by seepage water, 
stormwater collecting in the mill recycle water pond, reclaim from the TSF 
impoundment and pit dewatering water. The model assumes that seepage and 
stormwater collected in the process pond are the first waters reclaimed and 
brought into the process. Whenever available, water from the impoundment will 
then be used to meet remaining water demands. When reclaim from the 
impoundment is not be available and other sources is not available (between 
December and March) or available in limited supply, pit dewatering will act as the 
makeup water source for the process.  
 
Infiltration Gallery 
Pit water that is not used in the process is to be pumped to the Class V injection 
system and released. This value is computed by the model on a monthly basis. 
 
 
3.0 MODEL RUNS 
 
Three different meteorological scenarios were modeled: average conditions, a wet 
cycle and drought (dry) conditions. Wet and drought conditions each have an 
approximately 1% annual chance of occurrence. Results provide information on 
storage volumes, reclaim, makeup and treatment requirements that can be 
anticipated throughout the mine life.  
 
 

3.1 Precipitation Values 
 
Dry, average and wet year monthly precipitation totals used in the model are 
shown below. 
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Monthly Precipitation Totals (inches – water equivalents) 
Mon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Dry 0.70 0.54 0.48 0.55 0.57 0.83 1.71 2.62 1.89 1.15 0.87 0.69 12.61 
Avg. 1.51 1.18 1.04 1.20 1.23 1.81 3.70 5.68 4.10 2.49 1.90 1.50 27.33 
Wet 2.54 1.97 1.74 2.01 2.05 3.03 6.19 9.51 6.87 4.17 3.17 2.51 45.77 
 
Wet cycle model runs were generated assuming that the extreme wet year could 
occur during any of the four years of operations. Based on the available 
precipitation records from Nome, ERC determined the wettest consecutive four (4) 
years of record and used this data in the model. These four years were modeled 
so that the highest annual precipitation years were adjacent to the single wet year. 
Precipitation was distributed between the 12 months following the average annual 
distribution above. 

 
Modeled Annual Wet Cycle Precipitation (inches) 

Model Year Wet Year 1 Wet Year 2 Wet Year 3 Wet Year 4 
1 45.8 34.8 29.5 29.5 
2 34.8 45.8 34.8 31.2 
3 31.2 31.2 45.8 34.8 
4 25.9 29.5 31.2 45.8 

 
 
 
4.0 MODEL RESULTS 
 
Water/solution storage, reclaim from the impoundment and discharge/reclaim 
requirements for pit dewatering water were calculated by the model on a monthly 
basis for each of the three separate meteorological scenarios (Dry, Average and 
Wet). Results are summarized below. 
 

4.1 Total Inflows and Losses 
 
Total annual water inputs to and “losses” from the system are tabulated below 
based on year 4 modeling results. For the wet year, these results assume that the 
one percent wet year occurs in year 4. All values are given in acre-feet. 
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Summary of Year 4 Model Results 

 
 Dry Year Average Year Wet Year 

System Inputs 
TSF Impoundment 
Area Precipitation 

120 281 464 

Plant Site  
Precipitation 

19 46 75 

Tailings Water 728 728 728 

Pit Dewatering 
Water 

1,024 1,024 1,024 

Total Inputs 1,890 2,079 2,290 

System “Losses” 
Evaporation 142 142 142 

Seepage 30 71 89 

Tailings Lockup 519 519 519 

TSF Impoundment 
Reclaim 

157 278 335 

Pit Area and Plant 
Site Precipitation 
Reclaim 

19 46 75 

Pit Dewatering 
Reclaim 

459 271 166 

Pit Dewatering 
Treatment 

564 753 857 

Total “Losses” 1,890 2,079 2,183 

 
A number of conclusions can be drawn from these general results. 
 

1. Pit dewatering and tailings water are the largest contributors to water in the 
system.  

2. During dry and average years, seepage losses will be limited by available 
water in the impoundment.  

3. Given dry and average conditions, inflows match losses indicating that the 
impoundment can be dewatered prior to the winter season. 

4. Given extreme wet conditions (1% annual chance), it is anticipated that the 
TSF impoundment will not be fully dewatered. 

 
4.2 Storage Requirements 

 
Anticipated average water/solution storage requirements in the TSF impoundment 
were determined on a monthly basis. These values were then compared with 
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available storage to ensure sufficient capacity existed at all times during the 
proposed project. A summary of the maximum water/solution stored during 
different years of operation along with the minimum additional available storage 
volume is shown on the table below. Detailed monthly results are shown 
graphically on Figures 2-4. Note that available storage listed below is calculated 
as the capacity up to an elevation of 3.3 feet below the embankment crest to 
ensure freeboard requirements are met. 
 

Calculated Maximum Water/Solution Storage Verses Minimum Remaining 
Storage (acre-feet) 

 
Year Dry Average Wet Years 

 Maximum 
Storage 

Required 

Minimum 
Storage 

Remaining

Maximum 
Storage 

Required 

Minimum 
Storage 

Remaining

Maximum 
Storage 
Required 

Minimum 
Storage 

Remaining
1 (2007) 16 224 19 224 53 224 
2 (2008) 52 229 120 161 227 98 
3 (2009) 50 408 124 408 252 226 
4 (2010) 46 252 123 206 258 10 

 
Results indicate that for all conditions, sufficient capacity exists in the TSF 
impoundment to contain all water/solution predicted to enter the system. 
 
As Figures 2 and 3 indicate, for dry and average conditions, planned reclaim 
facilitates full evacuation of free water in the impoundment prior to winter in all 
years of operations. If an extreme wet cycle were to occur during operations 
(Figure 4), free water may be held over in the impoundment during the winter, but 
sufficient capacity exists for this water.  
 
In the event an extreme wet cycle occurs during operations and solution 
accumulates from year to year, the volume of free water stored can be further 
decreased from the values presented in this report by extending the reclaim period 
beyond the typical April – December window.  
 

4.3 Short Duration Storm 
 
The tributary area to the impoundment is approximately 6,158,000 square feet and 
the 100-year, 24-hour rainfall value is 5.1 inches.  Assuming 100% runoff from the 
100-year storm, a total volume of 60 acre-feet of water would enter the 
impoundment. Actual runoff would be below 100%, so this is a conservatively high 
estimate. Results above indicate that during normal operating conditions and dry 
or average climate conditions, storage capacity within the TSF impoundment will 
always be available for the 100-year storm event. In all but a couple of months 
towards the end of operations, the TSF would have capacity for the 100-year, 24-
hour storm in addition to the 100-year wet cycle. It is overly conservative to design 
for the 100-year, 24-hour storm in addition to the wet cycle as each separate event 
has a 1% annual chance of occurring. 
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4.4 TSF Impoundment Reclaim 

 
Reclaim water is taken from the TSF impoundment between April and December, 
when available. Figure 5 shows the monthly reclaim volume for each of the three 
meteorological scenarios. 
 
Results indicate that in most months calculated reclaim given average and wet 
conditions are similar indicating that reclaim taken from the TSF will be maximized 
for these precipitation scenarios. Given dry conditions, calculated reclaim from the 
TSF is significantly less indicating that the TSF is drained of water during dry years 
well before the winter. Monthly TSF impoundment reclaim rates peak between 375 
gpm and 400 gpm, mainly between the months of April and June. Reclaim rates 
from the TSF impoundment are anticipated to decrease notably during the months 
of August and September. This is attributable to higher seepage losses requiring 
reclaim at these times (see Section 2.5 – Seepage) 
 

4.5 Pit Dewatering Treatment 
 
Pit dewatering water will be used as a water source if needed. Any pit water not 
required for use in the processing of the ore will be treated and pumped to the 
infiltration gallery for discharge. Figure 6 shows anticipated discharge for the pit 
dewatering water.  
 
Peak treatment/discharge rates are dictated by dewatering rates and are up to 600 
gpm in years 1 and 2 and 635 gpm in years 3 and 4.  
 

4.6 Pit Makeup Water 
 
During the months of January through March the model assumes TSF 
impoundment water will not be reclaimed. During these months and in conditions 
where TSF impoundment water is not available to meet process needs, pit 
dewatering water will be used to meet the demands of the process. Monthly 
makeup requirements for the pit and additional water are shown on Figure 7. 
 
During times when pit water is the sole source of makeup water, it will be used as 
process water at a peak rate of 413 gpm. In dry conditions, pit water will likely be 
used at this rate consistently from November through March. 
 
 
 

 11



Rock Creek Mine Water Balance       Ecological Resource Consultants, Inc. 

5.0 REFERENCES 
 
Ecological Resource Consultants, Technical Memo on Rock Creek Climate Data, 
September 23, 2005. 
 
Ecological Resource Consultants Updated Rock Creek Precipitation Analysis, 
January 5, 2006. 
 
Water Management Consultants, Rock Creek Mine Project Water Management 
Report, March, 2006. 
 
 
Attachments 
 
Figure 1 – Rock Creek Flow Diagram 
Figure 2 – Impoundment Solution Storage and Remaining Capacity – Dry Cycle 
Figure 3 – Impoundment Solution Storage and Remaining Capacity – Avg. Cycle 
Figure 4 – Impoundment Solution Storage and Remaining Capacity – Wet Cycle 
Figure 5 – Impoundment Reclaim Rates 
Figure 6 – Pit Dewatering Discharge 
Figure 7 – Pit Water and Additional Makeup Requirements 
 

 12



Rock Creek Mine Water Balance       Ecological Resource Consultants, Inc. 

Figure 1-- Rock Creek Flow Diagram  
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Figure 2 – Impoundment Solution Storage 
and Remaining Capacity – Dry Cycle 
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Figure 3 – Impoundment Solution Storage 
and Remaining Capacity – Avg. Cycle 
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Figure 4 – Impoundment Solution Storage 
and Remaining Capacity – Wet Cycle 
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Figure 5 – Impoundment Reclaim Rates 
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Figure 6 – Pit Dewatering Discharge 
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Figure 7 – Pit Water Makeup Requirements 
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APPENDIX B 

Big Hurrah Water Management Report 

This appendix has not been included in this packet due to volume.  It may be located in 
the Rock Creek Project Plan of Operations Volume 3 Water Management Reports.

 43



 
 
 
 

 

 

 130-10691 SHELLBRIDGE WAY 
RICHMOND, B.C. V6X 2W8, 
CANADA 
 
TELEPHONE: (604) 273 6299 
TELEFAX: (604) 270 3644 

Doug Nicholson 

Alaska Gold Company 

P.O. Box 82430 

Fairbanks, AK 99708 

USA 

 April 4, 2006 

 

Dear Mr. Nicholson: 

 

Big Hurrah Mine Project, Water Management Plan 

 

 

Site Description 
General 
 

The Big Hurrah site is located about 40 miles east of Nome Alaska, at the confluence of the 

Little Hurrah and Big Hurrah Creeks (see Figure 1).  Historic placer mining works, 

underground works, and mill building are present, as are historic waste rock and tailings 

deposits.  There are significant historic mine workings in the area.  Big Hurrah Creek flows 

west to the Solomon River which flows south to Norton Sound.   

 

Precipitation and Temperature 

There is not enough site data to define the climatic conditions at the site.  Therefore, the plan 

(Figure 2), from the publication “Flood Characteristics of Alaskan Streams” Water Resources 

Investigation 78-129, prepared by the US Department of the Interior Geological Survey et al. 

was used to define rainfall.  That plan indicates the Big Hurrah annual precipitation may be 

about 25 inches, compared to 16 inches for Nome Airport.  We have therefore selected a 

multiplication factor of 1.5 times the Nome precipitation for the Big Hurrah site.  We have 



  
  
  
  
  
  2 
used the Nome temperature data directly in this assessment.  Table 1 provides the average 

monthly temperature and precipitation. 

 

Table 1 Average Monthly Temperature and Precipitation 

Month Temperature (oC) Precipitation (mm) 
 Nome Nome Big Hurrah (1.5 x Nome) 
Jan -13.1 24.4 36.6 
Feb -13.0 20.7 31.1 
Mar -11.9 18.5 27.8 
Apr -6.5 17.9 26.9 
May 1.8 17.6 26.4 
June 7.9 27.0 40.5 
July 10.3 59.2 88.8 
Aug 9.8 84.0 126 
Sept 5.6 64.3 96.4 
Oct -1.8 38.2 57.3 
Nov -8.3 27.2 40.8 
Dec -12.7 24.3 36.4 
Annual  423.3 635 
 

A precipitation frequency analyses was completed for 96 years of record at Nome Airport and 

adapted to the Big Hurrah site by multiplying by 1.5.  The results are presented on Table 2. 

 

Table 2: Nome Airport and Estimated Big Hurrah Annual Precipitation Distribution 

Wet Annual Precipitation (mm) Dry Annual Precipitation (mm) Return Period 
Airport Site Airport Site 

Average 425 637.5 425 637.5 
5 520 780 322 483 

10 574 861 280 420 
20 620 930 250 375 

100 709 1063.5 202 303 
200 743 1114.5 187 280 
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Evapotranspiration 

There is no evaporation data available for the site or the airport.  Evapotranspiration in the 

area has not been studied in detail.  Munter et al. (1991) quoting Patric and Black (1968) 

calculated the actual evapotranspiration in the Nome area to be 14 inches/yr based on 

Thornthwaite’s classification.  A study of thermokarst ponds by Fraver (2003) in the Council 

area, about 75 miles northeast of Nome, included evaluation of evapotranspiration.  

Extrapolation of the results from that study indicated an annual evapotranspiration of about 

14 inches (356 mm) for ponds, 10 inches (254 mm) for wetlands and 7 inches (178 mm) for 

uplands.  This precipitation and evaporation information indicates there is significant quantity 

of water available for runoff and groundwater recharge in the area.   

 

Site Geology 

The host rock at the Big Hurrah Mine site is a graphitic shale.  The mineralization is primarily 

within silica veins filling fractures within the host rock.  The veins typically trend northwest.  

The slopes are mantled with colluvial materials and the creek valley floors are infilled with 

sand and gravel alluvium.  The alluvium has been dredged for gold, and dredge piles are 

visible on the valley floor.  Mill tailings are evident near the confluence on Big Hurrah and 

Little Hurrah Creek from the historic Big Hurrah Mine. 

 

Historic Big Hurrah Mine 

The Big Hurrah historic underground mine was described by Orr (1954).  The mine operated 

from 1903 to 1908 and for two months in 1952.  The underground workings extend to the 

250’ level.  The headframe was on the slope to the east of Little Hurrah Creek (near the 80’ 

elevation).  Information provided by Orr indicates that the water level in the flooded workings 

was at about the 72’ level.  The pumping rate to dewater the workings was reported to be 

between 150 and 200 gpm.  The development on the 150’ level was terminated just short of 

Little Hurrah Creek due to increased inflows along a vein and concern regarding the 

proximity of the alluvium in Little Hurrah Creek. 

 

 

Operating Mine Water Management 
 

Figure 3 shows the site catchment and subcatchments. 
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The mine facilities will include the following water management works: 

• an open pit interception well system.  This will include water from the historic 

underground workings. 

• a water treatment and Class V injection system 

• open pit diversion ditches 

• open pit dewatering system 

• Little Hurrah Creek diversion works 

• development rock dump and ore stock pile diversion ditches 

• development rock dump 

• ore stock pile 

• overburden stock piles 

 
 
Open Pit Groundwater Interception  

Air lift pumping rates were monitored during exploration drilling with air rotary drill equipment.  

The drillholes are located on Figure 4.  The air lift rates are plotted versus depth on Figure 5.  

Typically air lift rates were low at elevations above the Little Hurrah Creek bed elevation, but 

were significant in many of the holes at depth.  Groundwater levels measured in drillholes are 

at or slightly above the Little Hurrah Creek elevation. 

 

Groundwater interception wells are planned so the groundwater does not contact the mine 

workings.  The intercepted water will be treated, if necessary, and reinjected in a Class V 

underground injection system.  The required drawdown is expected to be achievable by 

pumping from four wells.  The system will also include piezometers, flow meters for 

monitoring flow rates, a method for controlling well flow rates, and normal well operating 

system level controls. 

 

Open Pit Sumps 

Sumps and sump pumps will be required in the pit to collect runoff and groundwater not 

intercepted by the open pit groundwater interception system.  The system will not require 

high pumping capacity, as the pit will provide the primary storage for mine water on the site.  
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Water collected in the sumps will be mixed with groundwater interception well water for 

discharge using a Class V underground injection system.   

 

Class V Injection System 

As the ore will be trucked to the Rock Creek site, there is no mill facility in need of process 

water at this location.  Excess water will therefore be treated, if necessary, and injected into 

the groundwater system using a Class V underground injection system.  The water from the 

open pit interception wells will be discharged using this method.  Several alternative 

discharge methods have been considered.  We have assumed that the discharge will be 200 

to 250 gpm based on historical data. 

 

Retention time of injected water before it reaches a body of surface water and the capacity of 

an area to accept the required amount of water are of greatest importance when considering 

different sites for injection. 

 

The water will be injected into fracture systems at depth below the mine workings.  These 

wells might be located as indicated on Figure 1.  Injection well depths of about 400 ft are 

anticipated.  The injection wells would include 200 ft or more of cemented casing to prevent 

short circuiting to the ground surface.  Seven wells are planned to accept the anticipated 

flow.  Test wells will be required to identify and test fracture zones (or transmissive veins).  

The injected water would radiate out from the well along the fracture with losses to 

intersection fractures along the travel path, and the remainder discharging into the alluvium 

of Big Hurrah Creek.  Modeled travel paths and times (in years) in bedrock are illustrated on 

Figure 1.  Discharge into the base of the alluvium would result in a downstream migration of 

the injected water and slow discharge to the creek downstream.  Any anisotropy of the 

alluvium would tend to move the discharge further away from the source well, and increase 

the travel time.   

 

Groundwater Inflow 

Groundwater inflow to the underground workings and probably into the proposed pit is 

expected to be along veins, as the quartz filled veins will probably stay open, whereas the 

graphitic shale is not expected to carry significant quantities of water.  Dewatering for pit 
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operations will include removal of water from the historic underground workings.  The 

pumping rate to dewater the workings was reported to be between 150 and 200 gpm. 

 

Little Hurrah Creek Diversion System 

The mine plan includes excavation into the slopes of Little Hurrah Creek and retaining the 

creek in the natural channel for as long as possible.  When excavation below the creek bed 

is required, the creek will be routed along a mine bench constructed for that purpose.  The 

diversion will include a small diversion structure with a cutoff to bedrock, with flow into the 

channel.  Flows greater than the annual average instantaneous peak will be routed over an 

overflow spillway along the bench and allowed to flow into the pit.  The diversion structure 

will provide adequate protection against sedimentation and loss of capacity of the diversion 

ditch on the bench.   

 

Open Pit Diversion Ditches 

Diversion ditches will be constructed around the perimeter of the pit to discharge water that 

has not been in contact with mining activities directly into the local surface water.  This will 

significantly reduce the quantity of water coming into contact with open pit walls.  Diversion 

ditch locations are illustrated on Figure 1.  As shown in Figure 1, discharge will be to Little 

Hurrah Creek from the south side of the pit, which then flows to Big Hurrah Creek. 

 

Development Rock Dump and Ore Stock Pile Diversion Ditches 

Diversion ditches will be constructed around the perimeter of the Development Rock dump 

and Ore Stockpile to discharge water that has not been in contact with mining activities 

directly into the local surface water.  Diversion ditch locations are illustrated on Figure 1.  As 

shown in Figure 1 discharge from upslope of the development rock dump will be to the small 

creek to the east which then flows north to Big Hurrah Creek, and directly to Big Hurrah 

Creek from upslope of the ore stockpile.   

 

Development Rock Dump and Overburden Stock Piles 

Run off from the development rock dumps and overburden stock piles will be managed to 

control sediment loading to the surface water bodies.  Best management practices will be 
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used to prevent concentration of flows that could lead to erosion and to prevent migration of 

fines away from the development rock dumps. 

 

Ore Stock Pile 

Run off from the ore stock pile will be combined with pit water and discharged in the Class V 

injection system. 

 

Site Wide Water Balance 

The site wide water balance for operating conditions was developed with subcatchments to 

reflect natural and operations barriers to flows.     The subcatchments are illustrated on 

Figure 3 and are listed along with their respective surface area in Table 3.  The model was 

run over the life of the mine with average climate conditions and run for year 1 to examine 

wet and dry conditions.   

 
Table 3:  Site Wide Water Balance Subcatchment Areas 
 
 Elevation Bands 
 Lower Upper Total 
Area  Name <1000’ >1000’ (m2) 

1 Upper Little Hurrah Creek 2,852,458  2,852,458
2 Development Rock Dump 269,209  269,209 
3 Stockpile and Pitlet 22,976  22,976 
4 Development Rock Dump Catchment 185,819  185,819 
5 Pit 115,028  115,028 

 
 
Table 4 presents the climatic (precipitation and temperature) conditions that were used in the 

calculations.  Conservative estimates indicate that the site will have precipitation that is 

approximately 1.5 times the Nome Airport recorded precipitation.  Based on these inputs, 

values were estimated for evapotranspiration, runoff, groundwater recharge, snowpack 

accumulation and snowmelt. 
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Table 4:  Life of Mine Assumed Climatic Inputs 
 
 Temperature (oC) Precipitation (mm) 
Month Nome <1,000’ >1,000’ Nome Site 
Jan -5.8 -6.2 -7.0 10.9 16.4 
Feb -11.2 -11.6 -12.5 10.2 15.3 
Mar -11.9 -12.3 -13.1 5.6 8.4 
Apr -3.9 4.4 -5.2 27.7 41.6 
May 5.6 5.2 4.4 9.9 14.9 
June 7.1 6.6 5.8 105.4 158.1 
July 12.5 12.1 11.2 42.4 63.6 
Aug 12.4 12.0 11.1 63.2 94.8 
Sept 8.1 7.7 6.9 89.9 134.9 
Oct -2.8 -3.2 -4.0 19.1 28.7 
Nov -4.5 -4.9 -5.8 43.9 65.9 
Dec -9.8 -10.2 -11.1 30.5 45.8 
 
 

The small pit will retain some open pit and ore stockpile excess water from snowmelt or 

rainfall.  The water balance provides a means to determine the required discharge rate from 

the small pit under average and wet conditions. 

 

Table 5 lists the expected water balance items for the 4 year mine life with 1.5 times the 

Nome precipitation while pumping 200 gpm from the pit groundwater interception wells.  

Following are comments regarding the expected surface water monthly flows presented on 

Table 5. 

o In the early mine life, flow along Little Hurrah Creek through the pit area will 

be maintained in the natural channel.  In later mine life, this flow will be routed 

along a mine bench through the pit area.  The highest flow with the 

precipitation distribution illustrated is during snowmelt.  Dry season and winter 

flows are relatively low.  

o Flows diverted around the Development Rock Dump will be relatively low.   

o Precipitation and snowmelt onto natural ground or development rock will both 

result in runoff, although the development rock may result in more detention, 

which will reduce the peaks and spread the flow out over a longer time period. 

o Runoff from the open pit and the stockpile will be stored temporarily in the 

small open pit.  The water in the small pit will be pumped to treatment if 
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required and injected in a Class V system. 

 

Table 5 also indicates the following expected groundwater flows: 

o Minimal seepage is expected from Little Hurrah Creek alluvium to the pit as a 

cutoff will be constructed when the creek is diverted onto the bench. 

o Groundwater from the Development Rock Dump to Big Hurrah Creek will be 

similar to pre-mine conditions, although infiltration to the groundwater system 

may be a little enhanced once the development rock is in place. 

o A relatively small volume of seepage is expected from the small pit to Big 

Hurrah Creek alluvium. 

o Groundwater will be pumped to intercept flow towards the pit once the pit is 

excavated to below the invert of Little Hurrah Creek.  The groundwater will be 

pumped from the underground workings at about 200 gpm.  This water will be 

reinjected after undergoing suitable treatment. 

 

Table 6 provides an indication of the expected range of surface water and groundwater 

flows that will be accommodated by the mining operation.  This range represents 

approximately the 10 year return period wet and dry years. 

o The 10 year wet month within the Little Hurrah Creek channel would be about 

640,000 m3/month. 

o A groundwater interception system is assumed to pump 200 gpm for wet dry 

and average conditions. 

 

 

Closure Mine Water Management 
 

After closure, all diversion ditches and water management facilities will be removed.  

Surfaces will be regraded and reclaimed to reduce the potential for concentration of flows.  

Little Hurrah Creek will flow through the completed pit.  Following is a description of the 

expected pit lake flooding and the expected water balance of the flooded pit lake. 
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Pit Lake Flooding 

The pit lake will flood when pumping from the pit and interception wells is stopped and the 

diversion of Little Hurrah Creek along the bench is removed so that Little Hurrah Creek flows 

through the pit.  Filling the pit, assuming that the mine closure is in the winter, will require two 

spring freshets, assuming 1981 conditions.  The pit filling curve is presented on Figure 6.  

Spill will be into the original Little Hurrah Creek channel.  An engineered spill channel is 

therefore not required. 

 

 
 



Table 5:  Big Hurrah Expected Site Wide Water Balance for 4 Year Mine Life (m3/month)

1 31/Jan/07 7,031 0 0 0 48 976 942 0
28/Feb/07 5,894 0 0 0 45 671 665 0
31/Mar/07 4,933 0 0 0 48 461 540 0
30/Apr/07 4,132 0 0 1,544 47 317 224 0
31/May/07 464,093 29,819 39,274 21,700 48 1,459 148 0
30/Jun/07 7,806 0 6 1,606 47 2,400 143 0
31/Jul/07 65,139 3,657 4,817 3,932 48 2,471 0 0
31/Aug/07 68,488 3,667 5,478 4,084 48 2,480 0 0
30/Sep/07 13,707 0 970 1,113 47 2,400 0 0
31/Oct/07 12,681 0 387 272 48 2,480 0 0
30/Nov/07 10,631 0 0 135 47 2,095 0 0
31/Dec/07 8,909 0 0 83 48 1,463 0 0

2 31/Jan/08 7,465 0 0 62 48 1,010 0 0
29/Feb/08 6,259 0 0 49 44 694 0 0
31/Mar/08 5,239 0 0 51 48 477 0 0
30/Apr/08 4,388 0 0 48 47 328 0 0
31/May/08 465,155 29,874 39,346 21,700 48 1,468 153 0
30/Jun/08 7,987 0 13 1,641 47 2,400 149 0
31/Jul/08 65,291 3,657 4,817 3,932 48 2,476 0 0
31/Aug/08 68,616 3,667 5,481 4,084 48 2,480 0 0
30/Sep/08 13,814 0 972 1,113 47 2,400 0 32,659
31/Oct/08 12,771 0 389 272 48 2,480 0 33,748
30/Nov/08 10,707 0 0 135 47 2,096 0 32,659
31/Dec/08 8,972 0 0 83 48 1,464 0 33,748

3 31/Jan/09 7,518 0 0 62 48 1,010 0 33,748
28/Feb/09 6,303 0 0 49 44 695 0 30,482
31/Mar/09 5,276 0 0 51 48 477 0 33,748
30/Apr/09 4,419 0 0 48 47 328 0 32,659
31/May/09 465,182 29,874 39,346 21,700 48 1,468 153 33,748
30/Jun/09 8,009 0 13 1,641 47 2,400 149 32,659
31/Jul/09 65,310 3,657 4,817 3,932 48 2,477 0 33,748
31/Aug/09 68,631 3,667 5,481 4,084 48 2,480 0 33,748
30/Sep/09 13,827 0 972 1,113 47 2,400 0 32,659
31/Oct/09 12,782 0 389 272 48 2,480 0 33,748
30/Nov/09 10,716 0 0 135 47 2,096 0 32,659
31/Dec/09 8,980 0 0 83 48 1,464 0 33,748

4 31/Jan/10 7,525 0 0 62 48 1,010 0 33,748
28/Feb/10 6,309 0 0 49 44 695 0 30,482
31/Mar/10 5,280 0 0 51 48 477 0 33,748
30/Apr/10 4,423 0 0 48 47 328 0 32,659
31/May/10 465,185 29,874 39,346 21,700 48 1,468 153 33,748
30/Jun/10 8,012 0 13 1,641 47 2,400 149 32,659
31/Jul/10 65,312 3,657 4,817 3,932 48 2,477 0 33,748
31/Aug/10 68,633 3,667 5,481 4,084 48 2,480 0 33,748
30/Sep/10 13,829 0 972 1,113 47 2,400 0 32,659
31/Oct/10 12,783 0 389 272 48 2,480 0 33,748
30/Nov/10 10,717 0 0 135 47 2,096 0 32,659
31/Dec/10 8,981 0 0 83 48 1,464 0 33,748
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Table 6: Range of Possible Monthly Flows for Big Hurrah (m3/month)
Big Hurrah Water Balance Calculation

Dry Year (1932)

31/Jan/33 8,182 0 0 107 48 1,659 0 33,748
28/Feb/33 6,860 0 0 67 44 1,147 0 30,482
31/Mar/33 5,743 0 0 57 48 789 0 33,748
30/Apr/33 4,811 0 0 50 47 542 0 32,659
31/May/33 310,616 19,833 26,121 15,399 48 1,378 0 33,748
30/Jun/33 8,053 0 0 599 47 2,108 0 32,659
31/Jul/33 6,746 0 0 266 48 1,633 0 33,748
31/Aug/33 5,651 0 0 134 48 1,158 0 33,748
30/Sep/33 4,734 0 0 80 47 802 0 32,659
31/Oct/33 3,962 0 0 62 48 552 0 33,748
30/Nov/33 3,317 0 0 52 47 379 0 32,659
31/Dec/33 2,773 0 0 50 48 261 0 33,748

Big Hurrah Water Balance Calculation

Average Year (1981)

Month 
ending

31/Jan/81 11,001 0 0 92 48 1,677 0 33,748
28/Feb/81 9,225 0 0 61 44 1,159 0 30,482
31/Mar/81 7,726 0 0 55 48 797 0 33,748
30/Apr/81 6,475 0 0 50 47 548 0 32,659
31/May/81 417,373 26,650 35,100 20,454 48 1,543 0 33,748
30/Jun/81 9,381 0 0 635 47 2,386 0 32,659
31/Jul/81 66,461 3,657 4,817 3,925 48 2,455 0 33,748
31/Aug/81 69,597 3,667 5,466 4,081 48 2,480 0 33,748
30/Sep/81 14,637 0 962 1,112 47 2,400 0 32,659
31/Oct/81 13,461 0 382 272 48 2,480 0 33,748
30/Nov/81 11,286 0 0 135 47 2,091 0 32,659
31/Dec/81 9,458 0 0 83 48 1,461 0 33,748

Big Hurrah Water Balance Calculation

Wet Year (1954)

Month 
ending

31/Jan/54 9,949 0 0 86 48 1,386 0 33,748
28/Feb/54 8,342 0 0 59 44 954 0 30,482
31/Mar/54 6,986 0 0 54 48 655 0 33,748
30/Apr/54 5,854 0 0 49 47 450 0 32,659
31/May/54 138,482 8,528 11,231 7,016 48 1,049 0 33,748
30/Jun/54 8,528 0 0 539 47 1,606 0 32,659
31/Jul/54 172,461 10,607 13,970 8,750 48 2,067 0 33,748
31/Aug/54 639,300 40,814 55,115 21,700 48 2,480 1,316 33,748
30/Sep/54 322,822 20,260 29,349 21,000 47 2,400 1,612 32,659
31/Oct/54 16,496 0 2,669 3,276 48 2,480 349 33,748
30/Nov/54 13,968 0 1,409 408 47 2,400 0 32,659
31/Dec/54 11,707 0 192 190 48 2,480 0 33,748
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Pit Lake Water Balance 

After flooding the pit lake water will include runoff from the surrounding hills, direct 

precipitation and snowmelt on the pond and surrounding pit slopes, evaporation, seepage in 

and out, and spill from the pit lake.  Table 7 provides a summary of the pit lake water 

balance. 

 

Table 7:  Summary Pit Lake Water Balance after Pit Flooding 

Pit Lake Inflows (m3) Pit Lake Outflows (m3) 
Rain and snowmelt Month 

Pit Lake 
Volume 

(m3) On pit lake On pit 
slopes 

Surface 
water 

Ground 
water  Spill Pond 

evaporation 

        
Jan 828,222 0 0 8,173 50 8,222 0 
Feb 828,222 0 0 6,928 46 6,974 0 
Mar 828,222 0 0 5,866 50 5,915 0 
Apr 828,222 0 0 4,969 48 5,017 0 
May 828,222 9,530 6,126 495,473 50 518,880 0 
Jun 828,222 1,304 838 8,523 48 10,713 3,335 
Jul 828,222 5,493 3,531 69,588 50 79,999 5,312 
Aug 828,222 4,107 2,640 72,949 50 81,086 5,028 
Sep 828,222 1,500 964 14,428 48 17,168 4,349 
Oct 828,222 0 0 13,426 50 13,475 1,970 
Nov 828,222 0 0 11,381 48 11,429 0 
Dec 828,222 0 0 9,644 50 9,694 0 

 

 

 

 

 

 

Sincerely, 

 

WATER MANAGEMENT CONSULTANTS 

 

 

 

H.R.(Rod) Smith 

 





BIG HURRAH

Figure 2 Annual Precipitation Contours
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Figure 5: Big Hurrah Exploration Drill Holes Air Lift Rates with Depth
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Figure 6:  Big Hurrah Pit Lake Filling Curve
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APPENDIX C 

Rock Creek Groundwater Database 

 

This appendix has not been included in this packet due to volume.  It may be located in 
the Rock Creek Project Plan of Operations Volume 2 

EID/Appendices/Hydrology/Groundwater.
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date

Conductivity 
(1umhos/cm) pH  (.1units)

Chloride 
(.1mg/L)

Sulfate  
(.1mg/L)

Fluoride 
(.1mg/L)

Bromide  
(.1mg/L) Suflide (.1mg/L)

Alkalinity 
(20mg/L) 

Ammonia 
(.1mg/L)

Nitrate/ Nitrite  (.1-
2mg/L)

TDS  
(50mg/L)

TSS 
(.4mg/L)

Calculated 
Hardness

Total/Diss Total WAD Total Diss Total Diss Total Diss Total Diss Total Diss
Units umhos/cm pH units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

1/30/2004 320 7.55 2.48 55.2 0.102 0.05 0.05 140 0.05 0.0025 0.0025 0.5 231 28.1 195.91 944 10 5.27 3.94 211 146 39 16 0.216 0.2
4/22/2004 360 7.7 2.48 49.8 0.077 0.05 144 0.05 0.0025 0.0025 0.5 229 19.1 197.18 10 84.1 3.52 4.26 162 187 18.2 20 0.2 0.2
7/29/2004 360 7.61 2.75 25.8 0.069 0.05 139 0.058 0.0025 0.0025 0.5 228 4.6 192.35 25 10 3.4 3.54 148 150 16.8 17.3 0.2 0.2
11/4/2004 370 7.65 2.69 53.7 0.05 0.05 138 0.05 0.0025 0.0025 0.5 215 13.2 187.43 62.4 10 4.39 3.45 175 169 20 17.5 0.2 0.2
1/18/2005 360 7.66 2.7 53.7 0.05 0.05 146 0.05 0.0025 0.0025 0.5 234 14 195.89 713 10 5.16 4.86 185 132 35.9 16.2 0.132 0.2
4/19/2005 340 7.6 2.6 53.1 0.063 0.05 143 0.05 0.0025 0.0025 0.5 219 3.7 176.98 576 10 8.25 5.61 190 123 33.1 16.6 0.2 0.2
11/9/2005 2.45 51.1 0.08 0.05 140 0.05 0.0025 0.0025 0.0495 211 10.8 198.41 10 10 4.76 4.52 135 147 16.4 18.8 0.2 0.2

351.67 7.63 2.59 48.91 0.07 0.05 0.05 141.43 0.05 0.00 0.00 0.44 223.86 13.36 192.02 334.34 20.59 4.96 4.31 172.29 150.57 25.63 17.49 0.19 0.20
18.35 0.05 0.12 10.35 0.02 #DIV/0! 0.00 2.94 0.00 0.00 0.00 0.17 8.80 8.44 7.58 398.64 28.01 1.62 0.76 26.04 21.62 9.92 1.46 0.03 0.00

6 6 7 7 7 1 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7 7 7 7 7 7
320 7.55 2.45 25.8 0.05 0.05 0.05 138 0.05 0.0025 0.0025 0.0495 211 3.7 176.98 10 10 3.4 3.45 135 123 16.4 16 0.132 0.2
370 7.7 2.75 55.2 0.102 0.05 0.05 146 0.058 0.0025 0.0025 0.5 234 28.1 198.41 944 84.1 8.25 5.61 211 187 39 20 0.216 0.2

325.00 7.56 2.46 33.00 0.05 0.05 0.05 138.30 0.05 0.00 0.00 0.18 212.20 3.97 180.11 10.00 10.00 3.44 3.48 138.90 125.70 16.52 16.06 0.15 0.20
0 0 0 0 2 1 7 0 6 7 7 6 0 0 0.00 2 6 0 0 0 0 0 0 5 7
0 0 0 0 4 0 0 0 1 0 0 1 0 0 0.00 0 0 0 0 0 0 0 0 2 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

1/29/2004 900 6.9 2.8 244 0.132 0.05 0.05 274 0.05 0.0025 0.0025 0.5 614 235 517.49 2550 10 12 11.1 1450 1110 42.9 16.3 0.267 0.2
4/22/2004 900 7.1 2.89 219 0.098 0.05 292 0.05 0.0025 0.0025 0.5 616 57 520.13 165 10 10.3 12.1 1380 1180 18.1 17 0.2 0.2
7/15/2004 800 6.9 2.85 247 0.139 0.05 266 0.05 0.0025 0.0025 3.62 650 82.7 498.11 460 10 19.4 13.7 1560 1300 23.3 15.6 0.2 0.2
10/14/2004 900 7.05 3.13 205 0.051 0.05 290 0.086 0.0036 0.0026 0.5 650 9.6 483.92 46.6 10 14.6 15.3 1290 1250 18.2 18.1 0.2 0.2
1/18/2005 900 6.89 2.94 319 0.042 0.05 258 0.05 0.0025 0.0025 0.5 592 27.7 519.00 19.3 10 20.2 11.8 1820 738 13.2 11 0.2 0.2
4/19/2005 800 6.9 2.85 218 0.08 0.05 296 0.122 0.0025 0.0025 0.5 600 24.5 460.06 640 10 36 16.1 2440 1110 28 15.5 0.2 0.2
11/2/2005 2.82 323 0.127 0.05 302 0.05 0.0025 0.0025 0.0585 597 1.3 522.28 6.6 10 10.6 11.8 1050 1120 14.1 16.7 0.2 0.2

866.67 6.96 2.90 253.57 0.10 0.05 0.05 282.57 0.07 0.00 0.00 0.88 617.00 62.54 503.00 555.36 10.00 17.59 13.13 1570.00 1115.43 22.54 15.74 0.21 0.20
51.64 0.09 0.11 48.40 0.04 #DIV/0! 0.00 16.60 0.03 0.00 0.00 1.22 24.16 81.03 23.68 912.37 0.00 9.05 1.94 450.70 182.06 10.34 2.27 0.03 0.00

6 6 7 7 7 1 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7 7 7 7 7 7
800 6.89 2.8 205 0.042 0.05 0.05 258 0.05 0.0025 0.0025 0.0585 592 1.3 460.06 6.6 10 10.3 11.1 1050 738 13.2 11 0.2 0.2
900 7.1 3.13 323 0.139 0.05 0.05 302 0.122 0.0036 0.0026 3.62 650 235 522.28 2550 10 36 16.1 2440 1300 42.9 18.1 0.267 0.2

800.00 6.89 2.81 208.90 0.04 0.05 0.05 260.40 0.05 0.00 0.00 0.19 593.50 3.79 467.22 10.41 10.00 10.39 11.31 1122.00 849.60 13.47 12.35 0.20 0.20
0 0 0 0 0 1 7 0 5 6 6 5 0 0 0.00 0 7 0 0 0 0 0 0 6 7
0 0 0 0 4 0 0 0 1 1 1 1 0 0 0.00 2 0 0 0 0 0 0 0 1 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

1/30/2004 320 7.66 2.21 27.9 0.059 0.05 0.05 174 0.05 0.0025 0.0028 0.5 223 1.7 200.31 10 10 0.5 0.5 46.4 46.8 3.03 3.04 0.2 0.2
4/21/2004 380 7.7 2.21 26.7 0.038 0.05 178 0.05 0.0025 0.0025 0.5 223 2.8 199.50 10 21.8 0.5 0.5 51.6 48.8 3.37 4.3 0.2 0.19
7/28/2004 340 7.43 2.32 27.1 0.065 0.05 165 0.05 0.0025 0.0025 0.5 219 3 195.02 14.5 10 0.5 0.5 43.4 45 3.09 3.13 0.2 0.2
10/28/2004 340 7.54 2.5 28.2 0.05 0.05 166 0.05 0.0025 0.003 1.36 185 1.2 195.27 10 10 0.5 0.5 46.3 47.2 3.46 3.67 0.2 0.2
4/18/2005 320 7.6 2.25 26.3 0.033 0.05 168 0.05 0.0025 0.0025 0.5 200 1 194.45 10 10 0.5 0.5 40.1 37.8 3.09 3.19 0.2 0.2
11/2/2005 2.09 26.2 0.072 0.05 174 0.05 0.0025 0.0025 0.034 205 0.4 202.18 10 10 0.5 0.5 35.8 37.7 3.04 3.07 0.2 0.2

340.00 7.59 2.26 27.07 0.05 0.05 0.05 170.83 0.05 0.00 0.00 0.57 209.17 1.68 197.79 10.75 11.97 0.50 0.50 43.93 43.88 3.18 3.40 0.20 0.20
24.49 0.11 0.14 0.83 0.02 #DIV/0! 0.00 5.23 0.00 0.00 0.00 0.43 15.26 1.03 3.28 1.84 4.82 0.00 0.00 5.51 4.90 0.19 0.50 0.00 0.00

5 5 6 6 6 1 6 6 6 6 6 6 6 6 6.00 6 6 6 6 6 6 6 6 6 6
320 7.43 2.09 26.2 0.033 0.05 0.05 165 0.05 0.0025 0.0025 0.034 185 0.4 194.45 10 10 0.5 0.5 35.8 37.7 3.03 3.04 0.2 0.19
380 7.7 2.5 28.2 0.072 0.05 0.05 178 0.05 0.0025 0.003 1.36 223 3 202.18 14.5 21.8 0.5 0.5 51.6 48.8 3.46 4.3 0.2 0.2

320.00 7.45 2.12 26.23 0.03 0.05 0.05 165.25 0.05 0.00 0.00 0.15 188.75 0.55 194.59 10.00 10.00 0.50 0.50 36.88 37.73 3.03 3.05 0.20 0.19
0 0 0 0 1 1 6 0 6 6 4 4 0 0 0.00 5 5 6 6 0 0 0 0 6 5
0 0 0 0 5 0 0 0 0 0 2 1 0 1 0.00 1 0 0 0 0 0 0 0 0 1

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

Cyanide  (.005mg/L) Barium (3ug/L)
Beryllium  
(.4ug/L)

Aluminum 
(20ug/L) Antimony (1ug/L) Arsenic (5ug/L)

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Mean
St. Deviation
# of values
Minimum

# of values
Minimum

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

MW03-01

MW03-02

MW03-03

# of values undetected
# of values between MDL and PQL

Chronic Aquatic Life Criteria
Drinking Water Standards

Maximum
Lowest fifth percentile

Page 1 of 9



Rock Creek Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

1/30/2004
4/22/2004
7/29/2004
11/4/2004
1/18/2005
4/19/2005
11/9/2005

1/29/2004
4/22/2004
7/15/2004
10/14/2004
1/18/2005
4/19/2005
11/2/2005

1/30/2004
4/21/2004
7/28/2004
10/28/2004
4/18/2005
11/2/2005

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Mean
St. Deviation
# of values
Minimum

# of values
Minimum

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

MW03-01

MW03-02

MW03-03

# of values undetected
# of values between MDL and PQL

Chronic Aquatic Life Criteria
Drinking Water Standards

Maximum
Lowest fifth percentile

DEC FW 
Chronic-
Cadmium

DEC FW 
Chronic-
Copper

DEC 
Chronic-

Lead
Mercury 
(1ng/L)

DEC 
Chronic-

Nickel
Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Total Diss Total Diss Total Diss
ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L mg/L mg/L ug/L ug/L ng/L ug/L ug/L ug/L ug/L ug/L ug/L

0.05 0.05 0.39 58.8 60.9 3.95 2.05 2 2 2.46 0.5 15.91 2.31 0.173 2.49 0.1 5.19 11.9 11.9 180 83.5 2.4 5 5 4.65 1.65 91.86 48.4 10.4
0.25 0.25 0.39 59.8 59.3 0.5 0.5 2 2 0.806 0.705 16.00 0.203 0.486 0.065 1.09 5.23 11.6 11.5 87.4 98.3 0.5 6.16 3.4 2.08 1.9 92.36 100 100
0.054 0.25 0.39 58.2 59.7 0.5 0.5 2 2 0.5 0.5 15.66 0.293 0.211 0.182 0.1 5.09 11.4 11.6 81.2 80.8 1.8 5 5 1.77 1.54 90.45 100 100
0.25 0.25 0.38 55.9 59.8 3.01 2.72 2 2 0.473 0.5 15.32 0.395 0.207 0.366 0.1 4.95 11.6 11.6 98.1 89.5 5 5 2.25 2.07 88.49 100 100
0.25 0.25 0.39 58.3 58.4 0.325 0.384 2 2 1.19 0.334 15.91 1.64 0.228 1.21 0.1 5.19 12.2 12.1 107 75.7 5 5 2.68 1.82 91.86 100 100
0.25 0.25 0.37 53.2 57.2 0.762 0.5 2 2 0.916 0.328 14.59 0.982 0.12 0.865 0.152 4.66 10.7 11.5 106 78.3 3.52 5 2.84 2.36 84.29 100 100
0.25 0.097 0.40 59.8 60.4 0.5 0.5 2 2 0.5 0.489 16.08 0.254 0.185 0.1 0.065 5.26 11.9 11.6 74.9 83.5 5 5 2.26 2.47 92.85 100 100

0.19 0.20 0.39 57.71 59.39 1.36 1.02 2.00 2.00 0.98 0.48 15.64 0.87 0.23 0.75 0.24 5.08 11.61 11.69 104.94 84.23 1.57 4.95 4.77 2.65 1.97 90.31 92.63 87.20
0.10 0.09 0.01 2.38 1.25 1.48 0.95 0.00 0.00 0.71 0.13 0.53 0.82 0.12 0.88 0.37 0.21 0.48 0.23 35.26 7.60 0.97 0.77 0.60 0.95 0.35 3.03 19.50 33.87

7 7 7.00 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7.00 7 7 7 7 3 7 7 7 7 7.00 7 7
0.05 0.05 0.37 53.2 57.2 0.325 0.384 2 2 0.473 0.328 14.59 0.203 0.12 0.065 0.065 4.66 10.7 11.5 74.9 75.7 0.5 3.52 3.4 1.77 1.54 84.29 48.4 10.4
0.25 0.25 0.40 59.8 60.9 3.95 2.72 2 2 2.46 0.705 16.08 2.31 0.486 2.49 1.09 5.26 12.2 12.1 180 98.3 2.4 6.16 5 4.65 2.47 92.85 100 100
0.05 0.06 0.37 54.01 57.56 0.38 0.42 2.00 2.00 0.48 0.33 14.81 0.22 0.14 0.08 0.08 4.75 10.91 11.50 76.79 76.48 0.63 3.96 3.88 1.86 1.57 85.55 63.88 37.28

6 6 6.00 0 0 2 4 7 7 2 3 0.00 0 0 1 4 0.00 0 0 0 0 1 5 6 0 0 0.00 6 6
1 1 1.00 0 0 3 1 0 0 3 4 0.00 0 0 2 2 0.00 0 0 0 0 0 2 1 1 4 0.00 0 1

0.4185 0.37011 11 15.4238 14.8068 1 1 6.729 4.7457 770 85.813 85.555
5 100 1000 0.3 50 2000 100

0.05 0.05 0.64 110 108 4.72 7.06 7.32 3.79 4.75 0.81 29.28 7.61 1.7 8.18 0.1 10.94 59 56.2 1840 1370 5 3.74 5 28.6 20.3 168.04 129 13.9
0.052 0.25 0.64 115 114 1.31 0.47 3.73 3.14 4.47 2.17 29.28 2.88 1.68 8.27 0.1 10.94 56.6 54.9 1360 1190 0.5 4.46 5 20.1 17.2 168.04 100 100
0.25 0.25 0.64 108 111 1.15 0.5 4.32 4.67 1.11 0.5 29.28 3.38 2.26 0.808 0.1 10.94 55.5 54.9 1740 1740 3.6 3.54 5 22.7 23.3 168.04 100 100
0.25 0.25 0.64 114 125 4.03 2.99 2.06 2.04 2.2 2.15 29.28 1.56 1.52 0.261 0.1 10.94 48.4 53.5 738 739 5 5 11.9 12.1 168.04 100 100
0.25 0.25 0.64 106 105 2.84 2.84 5.22 4.73 1.39 1.44 29.28 5.08 2.29 0.839 0.1 10.94 61.8 61.5 1960 1870 5 5 25.6 25.6 168.04 100 100
0.25 0.25 0.64 101 109 0.949 0.5 5.83 4.45 3.42 1.61 29.28 4.29 1.58 3.25 0.188 10.94 50.5 53.6 1700 1340 4.35 3.29 26 21.9 168.04 100 100
0.25 0.261 0.64 118 120 0.5 0.5 3.07 2.87 0.5 0.936 29.28 1.77 1.62 0.112 0.1 10.94 55.3 53.3 1070 1060 0.4 5 5 14.9 13.3 168.04 100 100

0.19 0.22 0.64 110.29 113.14 2.21 2.12 4.51 3.67 2.55 1.37 29.28 3.80 1.81 3.10 0.11 10.94 55.30 55.41 1486.86 1329.86 2.38 4.44 4.76 21.40 19.10 168.04 104.14 87.70
0.10 0.08 0.00 5.85 7.10 1.66 2.46 1.77 1.03 1.68 0.65 0.00 2.10 0.33 3.65 0.03 0.00 4.62 2.88 448.84 387.98 2.30 0.61 0.65 6.14 5.09 0.00 10.96 32.54

7 7 7.00 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7.00 7 7 7 7 4 7 7 7 7 7.00 7 7
0.05 0.05 0.64 101 105 0.5 0.47 2.06 2.04 0.5 0.5 29.28 1.56 1.52 0.112 0.1 10.94 48.4 53.3 738 739 0.4 3.54 3.29 11.9 12.1 168.04 100 13.9
0.25 0.261 0.64 118 125 4.72 7.06 7.32 4.73 4.75 2.17 29.28 7.61 2.29 8.27 0.188 10.94 61.8 61.5 1960 1870 5 5 5 28.6 25.6 168.04 129 100
0.05 0.11 0.64 102.50 105.90 0.63 0.48 2.36 2.29 0.68 0.59 29.28 1.62 1.54 0.16 0.10 10.94 49.03 53.36 837.60 835.30 0.42 3.60 3.80 12.80 12.46 168.04 100.00 39.73

5 6 6.00 0 0 1 3 0 0 1 1 0.00 0 0 0 6 0.00 0 0 0 0 1 2 6 0 0 0.00 6 5
2 1 1.00 0 0 2 1 3 4 0 2 0.00 0 0 1 1 0.00 0 0 0 0 1 5 1 0 0 0.00 0 2

0.7558 0.64322 11 30.4994 29.2794 1 1 18.58 10.9442 770 168.54 168.04
5 100 1000 0.3 50 2000 100

0.05 0.05 0.40 57.6 59.4 4.64 3.21 2 2 0.5 0.469 16.21 0.557 0.521 0.1 0.1 5.31 13.7 13.7 20.5 20.2 0.5 5 5 1.01 1.14 93.60 15 15
0.25 0.114 0.40 58.1 60.3 1.99 0.5 2 2 0.5 4.71 16.16 0.522 0.485 0.082 2.38 5.29 13.2 13.7 21.4 21.7 0.5 5 5 1.22 1.65 93.29 100 100
0.18 0.065 0.39 56.8 57.7 0.483 0.5 2 2 0.5 0.5 15.85 0.543 0.48 0.166 0.1 5.16 12.9 13 18.2 19 0.5 5 5 1.12 1.1 91.51 100 100
0.25 0.25 0.39 56.9 56.5 0.5 0.5 2 2 0.5 0.383 15.87 0.515 0.493 0.1 0.432 5.17 12.9 13.3 20 20.1 5 5 1.14 1.81 91.61 100 100
0.25 0.25 0.39 56.9 55.1 0.5 0.5 2 2 0.5 0.5 15.81 0.45 0.444 0.4 0.352 5.15 12.7 12.5 18 17.9 5 5 1.26 1.25 91.28 100 100
0.25 0.25 0.40 59.5 57.9 0.5 0.5 2 2 0.5 0.5 16.34 0.457 0.431 0.1 0.1 5.37 13 12.7 16.7 17.3 0.4 5 5 1.43 1.03 94.34 100 100

0.21 0.16 0.39 57.63 57.82 1.44 0.95 2.00 2.00 0.50 1.18 16.04 0.51 0.48 0.16 0.58 5.24 13.07 13.15 19.13 19.37 0.48 5.00 5.00 1.20 1.33 92.61 85.83 85.83
0.08 0.10 0.00 1.05 1.89 1.68 1.11 0.00 0.00 0.00 1.73 0.23 0.04 0.03 0.12 0.89 0.09 0.35 0.50 1.78 1.63 0.05 0.00 0.00 0.14 0.32 1.30 34.70 34.70

6 6 6.00 6 6 6 6 6 6 6 6 6.00 6 6 6 6 6.00 6 6 6 6 4 6 6 6 6 6.00 6 6
0.05 0.05 0.39 56.8 55.1 0.483 0.5 2 2 0.5 0.383 15.81 0.45 0.431 0.082 0.1 5.15 12.7 12.5 16.7 17.3 0.4 5 5 1.01 1.03 91.28 15 15
0.25 0.25 0.40 59.5 60.3 4.64 3.21 2 2 0.5 4.71 16.34 0.557 0.521 0.4 2.38 5.37 13.7 13.7 21.4 21.7 0.5 5 5 1.43 1.81 94.34 100 100
0.08 0.05 0.39 56.83 55.45 0.49 0.50 2.00 2.00 0.50 0.40 15.82 0.45 0.43 0.09 0.10 5.15 12.75 12.55 17.03 17.45 0.42 5.00 5.00 1.04 1.05 91.34 36.25 36.25

5 4 4.00 0 0 3 5 6 6 6 3 0.00 0 0 3 3 0.00 0 0 0 0 3 6 6 0 0 0.00 6 6
1 2 2.00 0 0 1 0 0 0 0 2 0.00 0 0 2 0 0.00 0 0 0 0 1 0 0 6 6 0.00 0 0

0.4432 0.3905 11 16.4772 15.8181 1 1 7.425 5.15291 770 91.613 91.339
5 100 1000 0.3 50 2000 100

Standard in 
ug/L

Standard 
in ug/L

Standard 
in ug/L

Phosphorus  
(30ug/L)Calcium (2mg/L)Cadmium  (.1ug/L) Nickel  (2ug/L)

Molybdenum  
(10ug/L)Chromium  (1ug/L) Iron  (.04mg/L) Lead  (.2ug/L)

Magnesium  
(.2mg/L) Manganese  (1ug/L)Cobalt  (4ug/L) Copper  (1ug/L)

Standard in 
ug/L
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

1/30/2004
4/22/2004
7/29/2004
11/4/2004
1/18/2005
4/19/2005
11/9/2005

1/29/2004
4/22/2004
7/15/2004
10/14/2004
1/18/2005
4/19/2005
11/2/2005

1/30/2004
4/21/2004
7/28/2004
10/28/2004
4/18/2005
11/2/2005

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Mean
St. Deviation
# of values
Minimum

# of values
Minimum

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

MW03-01

MW03-02

MW03-03

# of values undetected
# of values between MDL and PQL

Chronic Aquatic Life Criteria
Drinking Water Standards

Maximum
Lowest fifth percentile

DEC FW 
Acute-Silver

DEC FW 
Acute-Zinc

Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

485 204 2.5 2.5 2860 4800 0.5 0.5 10.97 2280 1900 0.189 0.19 0.5 0.5 10 10 10.3 2.83 207.16 2.5 2.5 79.6 63.3
244 245 2.5 2.5 3460 3200 0.5 0.5 11.09 2290 2240 0.181 0.186 2.64 1.18 10 10 7 10.4 208.30 0.5 0.5 60.2 67.4
229 191 2.5 2.5 3120 2960 0.5 0.5 10.63 1950 2020 0.182 0.184 0.5 0.5 10 10 16.6 19 203.97 0.5 0.5 51.6 64.4
239 222 2.5 2.5 3160 3310 0.5 0.5 10.16 2040 2080 0.177 0.182 0.497 0.367 10 10 3.1 4.25 199.54 0.5 0.5 52 53.3
455 199 2.5 2.5 2890 3750 0.5 0.5 10.97 2180 2150 0.198 0.196 0.5 0.5 10 10 7.31 2.45 207.15 0.5 0.5 28 13.9
466 240 2.5 2.5 0.5 0.5 9.21 2360 2030 0.168 0.179 0.5 0.5 10 10 8.18 3.64 190.07 0.5 0.5 62.1 52.8
214 261 2.5 2.5 3180 3230 0.5 0.5 11.21 2010 2150 0.189 0.183 0.5 0.5 10 10 2.69 7.93 209.40 0.5 0.5 82.4 54.5

333.14 223.14 2.50 2.50 3111.67 3541.67 0.50 0.50 10.61 2158.57 2081.43 0.18 0.19 0.81 0.58 10.00 10.00 7.88 7.21 203.66 0.79 0.79 59.41 52.80
127.42 26.39 0.00 0.00 219.49 668.23 0.00 0.00 0.71 159.52 110.97 0.01 0.01 0.81 0.27 0.00 0.00 4.71 5.96 6.84 0.76 0.76 18.47 18.14

7 7 7 7 6 6 7 7 7.00 7 7 7 7 7 7 7 7 7 7 7.00 7 7 7 7
214 191 2.5 2.5 2860 2960 0.5 0.5 9.21 1950 1900 0.168 0.179 0.497 0.367 10 10 2.69 2.45 190.07 0.5 0.5 28 13.9
485 261 2.5 2.5 3460 4800 0.5 0.5 11.21 2360 2240 0.198 0.196 2.64 1.18 10 10 16.6 19 209.40 2.5 2.5 82.4 67.4

218.50 193.40 2.50 2.50 2867.50 3020.00 0.50 0.50 9.50 1968.00 1936.00 0.17 0.18 0.50 0.41 10.00 10.00 2.81 2.56 192.91 0.50 0.50 35.08 25.57
0 0 7 7 0 0 7 7 0.00 0 0 0 0 5 5 7 7 0 0 0.00 7 7 0 0
7 7 0 0 0 0 0 0 0.00 0 0 0 0 1 1 0 0 2 3 0.00 0 0 0 0

5 4.6 11.167 9.4919 197.26 192.92
50 100 250000 2 5000

1090 605 2.5 2.5 4710 8230 0.5 0.5 37.44 3270 3460 0.33 0.333 0.5 0.5 7.83 10 22.7 10.2 379.30 2.5 2.5 155 130
623 608 2.5 2.5 5340 5120 0.5 0.5 37.44 3750 3860 0.325 0.336 1.25 0.5 10 10 22.4 11.7 379.30 0.5 0.5 122 140
724 364 2.5 2.5 4890 5640 0.5 0.5 37.44 3500 3120 0.321 0.308 0.5 0.5 10 10 19.5 17.7 379.30 0.5 0.5 119 79.3
554 539 2.5 2.5 5270 5040 0.5 0.5 37.44 3120 3150 0.344 0.377 0.5 0.5 10 10 5.76 6.66 379.30 0.5 0.5 68.1 69.6
331 327 2.5 2.5 4380 4260 0.5 0.5 37.44 2710 2720 0.32 0.32 0.5 0.5 10 10 16.7 14.3 379.30 0.5 0.5 17.8 24.5
828 529 2.5 2.5 0.5 0.5 37.44 3840 3270 0.296 0.313 0.5 0.5 10 10 18 10.8 379.30 0.5 0.5 118 111
512 465 2.5 2.5 5000 4940 0.5 0.5 37.44 3260 3340 0.36 0.343 0.5 0.5 10 10 5.45 8.89 379.30 0.5 0.5 190 156

666.00 491.00 2.50 2.50 4931.67 5538.33 0.50 0.50 37.44 3350.00 3274.29 0.33 0.33 0.61 0.50 9.69 10.00 15.79 11.46 379.30 0.79 0.79 112.84 101.49
244.85 111.16 0.00 0.00 358.07 1390.75 0.00 0.00 0.00 387.21 348.42 0.02 0.02 0.28 0.00 0.82 0.00 7.29 3.62 0.00 0.76 0.76 56.15 46.18

7 7 7 7 6 6 7 7 7.00 7 7 7 7 7 7 7 7 7 7 7.00 7 7 7 7
331 327 2.5 2.5 4380 4260 0.5 0.5 37.44 2710 2720 0.296 0.308 0.5 0.5 7.83 10 5.45 6.66 379.30 0.5 0.5 17.8 24.5
1090 608 2.5 2.5 5340 8230 0.5 0.5 37.44 3840 3860 0.36 0.377 1.25 0.5 10 10 22.7 17.7 379.30 2.5 2.5 190 156

385.30 338.10 2.50 2.50 4462.50 4430.00 0.50 0.50 37.44 2833.00 2840.00 0.30 0.31 0.50 0.50 8.48 10.00 5.54 7.33 379.30 0.50 0.50 32.89 38.03
0 0 7 7 0 0 7 7 0.00 0 0 0 0 6 7 6 7 0 0 0.00 6 7 0 0
1 3 0 0 0 0 0 0 0.00 0 0 0 0 0 0 1 0 0 0 0.00 1 0 0 0

5 4.6 44.05 37.442 387.83 379.3
50 100 250000 2 5000

204 200 2.5 2.5 3600 3610 0.5 0.5 11.40 1800 1870 0.221 0.222 0.5 0.5 10 10 1 1 211.10 2.5 2.5 59.1 65.2
236 208 2.5 2.5 3460 4170 0.5 0.5 11.32 2200 2120 0.212 0.21 0.5 0.5 10 10 2.5 4.86 210.38 0.5 6.32 58 65.9
222 212 2.5 2.5 3500 3550 0.5 0.5 10.88 1890 2040 0.212 0.214 0.5 0.5 10 10 3.1 5.95 206.37 0.5 0.5 46.9 65.4
230 246 2.5 2.5 3930 3890 0.5 0.5 10.91 2160 2180 0.209 0.215 0.5 0.5 10 10 2.5 2.5 206.59 0.5 0.5 51 53.4
238 217 2.5 2.5 3310 0.5 0.5 10.83 2050 1990 0.206 0.209 0.5 0.5 10 10 2.5 2.5 205.85 0.5 0.5 37.8 35.1
220 209 2.5 2.5 4030 3960 0.5 0.5 11.58 1950 2070 0.219 0.208 0.5 0.5 10 10 2.5 1.82 212.77 0.5 0.5 68.6 64.6

225.00 215.33 2.50 2.50 3704.00 3748.33 0.50 0.50 11.15 2008.33 2045.00 0.21 0.21 0.50 0.50 10.00 10.00 2.35 3.11 208.84 0.83 1.80 53.57 58.27
12.57 16.02 0.00 0.00 259.48 314.10 0.00 0.00 0.32 156.39 107.84 0.01 0.01 0.00 0.00 0.00 0.00 0.70 1.90 2.93 0.82 2.35 10.73 12.31

6 6 6 6 5 6 6 6 6.00 6 6 6 6 6 6 6 6 6 6 6.00 6 6 6 6
204 200 2.5 2.5 3460 3310 0.5 0.5 10.83 1800 1870 0.206 0.208 0.5 0.5 10 10 1 1 205.85 0.5 0.5 37.8 35.1
238 246 2.5 2.5 4030 4170 0.5 0.5 11.58 2200 2180 0.221 0.222 0.5 0.5 10 10 3.1 5.95 212.77 2.5 6.32 68.6 65.9

208.00 202.00 2.50 2.50 3468.00 3370.00 0.50 0.50 10.84 1822.50 1900.00 0.21 0.21 0.50 0.50 10.00 10.00 1.38 1.21 205.98 0.50 0.50 40.08 39.68
0 0 6 6 0 0 6 6 0.00 0 0 0 0 6 6 6 6 5 3 0.00 6 5 0 0
6 6 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 1 2 0.00 0 0 0 0

5 4.6 12.755 10.842 210.61 205.98
50 100 250000 2 5000

Standard in 
ug/L

Standard 
in ug/L

Strontium  
(.01mg/L)

Potassium  
(500ug/L) Selenium  (5ug/L) Silicon Sodium  (500ug/L) Zinc  (2ug/L) Titanium  (5ug/L)Tin  (5ug/L)Thallium  (1ug/L)

Vanadium  
(20ug/L)Silver  (1ug/L)
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date

Conductivity 
(1umhos/cm) pH  (.1units)

Chloride 
(.1mg/L)

Sulfate  
(.1mg/L)

Fluoride 
(.1mg/L)

Bromide  
(.1mg/L) Suflide (.1mg/L)

Alkalinity 
(20mg/L) 

Ammonia 
(.1mg/L)

Nitrate/ Nitrite  (.1-
2mg/L)

TDS  
(50mg/L)

TSS 
(.4mg/L)

Calculated 
Hardness

Total/Diss Total WAD Total Diss Total Diss Total Diss Total Diss Total Diss
Units umhos/cm pH units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Cyanide  (.005mg/L) Barium (3ug/L)
Beryllium  
(.4ug/L)

Aluminum 
(20ug/L) Antimony (1ug/L) Arsenic (5ug/L)

1/21/2004 400 7.7 2.59 33.9 0.09 0.05 0.05 196 0.05 0.0025 0.0025 1.56 255 1.4 231.18 6.44 10 1.08 1.06 1.5 2.19 9.35 8.85 0.2 0.2
4/21/2004 420 7.7 2.63 36.7 0.069 0.05 204 0.05 0.0025 0.0025 0.5 268 88.9 240.61 1470 6.29 0.804 0.778 4.05 1.83 20.6 8.87 0.2 0.2
8/11/2004 410 7.72 2.86 34.7 0.051 0.05 196 0.05 0.0025 0.0025 0.5 256 3.5 225.07 25.2 10 1.07 1.41 3.06 1.88 7.37 7.5 0.2 0.2
11/4/2004 410 7.66 2.74 32.8 0.05 0.05 181 0.05 0.0025 0.0025 0.5 233 0.5 214.25 10 10 0.987 1.03 2.5 2.5 6.5 7.14 0.2 0.2
1/18/2005 400 7.64 2.68 32.3 0.062 0.05 186 0.05 0.0025 0.0025 0.5 239 2 222.75 10 10 0.75 0.837 2.5 2.5 5.51 5.64 0.2 0.2
4/18/2005 380 7.5 2.64 36.1 0.05 0.05 195 0.065 0.0025 0.0025 0.5 241 0.25 230.71 10 10 0.817 0.855 2.5 2.5 6.74 6.65 0.2 0.2
11/7/2005 2.81 31.1 0.094 0.05 186 0.054 0.0025 0.0025 0.0695 221 0.25 229.75 10 10 0.541 0.599 2.5 2.5 5.21 6.04 0.2 0.2

403.33 7.65 2.71 33.94 0.07 0.05 0.05 192.00 0.05 0.00 0.00 0.59 244.71 13.83 227.76 220.23 9.47 0.86 0.94 2.66 2.27 8.75 7.24 0.20 0.20
13.66 0.08 0.10 2.04 0.02 #DIV/0! 0.00 7.94 0.01 0.00 0.00 0.46 15.92 33.12 8.21 551.13 1.40 0.19 0.26 0.77 0.31 5.40 1.27 0.00 0.00

6 6 7 7 7 1 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7 7 7 7 7 7
380 7.5 2.59 31.1 0.05 0.05 0.05 181 0.05 0.0025 0.0025 0.0695 221 0.25 214.25 6.44 6.29 0.541 0.599 1.5 1.83 5.21 5.64 0.2 0.2
420 7.72 2.86 36.7 0.094 0.05 0.05 204 0.065 0.0025 0.0025 1.56 268 88.9 240.61 1470 10 1.08 1.41 4.05 2.5 20.6 8.87 0.2 0.2

385.00 7.54 2.60 31.46 0.05 0.05 0.05 182.50 0.05 0.00 0.00 0.20 224.60 0.25 216.80 7.51 7.40 0.60 0.65 1.80 1.85 5.30 5.76 0.20 0.20
0 0 0 0 1 1 7 0 5 7 7 5 0 2 0.00 4 6 0 0 4 4 0 0 6 7
0 0 0 0 6 0 0 0 2 0 0 1 0 0 0.00 1 1 5 4 3 3 0 0 1 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

1/15/2004 460 7.6 6.21 78.5 0.133 0.05 0.05 178 0.039 0.0025 0.0025 0.5 320 3.3 259.49 14 84.3 0.664 2.9 93.6 95.2 34 36.7 0.2 1.86
4/6/2004 420 7.8 3.94 80.4 0.105 0.05 156 0.05 0.0025 0.0025 0.5 266 2.7 238.00 46.4 10 1.99 1.94 70.6 67 29.5 28.3 0.2 0.2
7/8/2004 450 7.48 5.47 87 0.104 0.05 168 0.05 0.0025 0.0025 0.5 334 14.7 249.56 434 10 1.5 0.79 80 67 34.6 29.1 0.2 0.2
12/2/2004 550 7.54 6.7 90.7 0.05 0.05 178 0.05 0.0025 0.0025 1.41 294 4.1 262.31 62.8 10 0.607 0.476 86.7 83.7 34 31.1 0.2 0.2
1/5/2005 500 7.52 6.19 87.9 0.082 0.05 171 0.108 0.0025 0.0025 0.5 314 5.7 285.92 7.02 7.56 0.311 0.5 77.8 75.1 30 29.5 0.2 0.2
4/20/2005 440 7.8 5.1 85.7 0.08 0.05 163 0.108 0.0025 0.0025 0.5 282 1.3 248.56 8.21 10 0.421 0.395 73.1 71 28.8 29 0.2 0.2
11/7/2005 6.03 92.2 0.06 0.05 182 0.068 0.0025 0.0025 0.0535 314 1.9 284.35 10 10 0.5 0.5 84.7 85.8 31.4 34.7 0.2 0.2

470.00 7.62 5.66 86.06 0.09 0.05 0.05 170.86 0.07 0.00 0.00 0.57 303.43 4.81 261.17 83.20 20.27 0.86 1.07 80.93 77.83 31.76 31.20 0.20 0.44
47.33 0.14 0.92 5.05 0.03 #DIV/0! 0.00 9.28 0.03 0.00 0.00 0.41 23.74 4.59 18.19 156.21 28.25 0.63 0.97 8.03 10.71 2.42 3.24 0.00 0.63

6 6 7 7 7 1 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7 7 7 7 7 7
420 7.48 3.94 78.5 0.05 0.05 0.05 156 0.039 0.0025 0.0025 0.0535 266 1.3 238.00 7.02 7.56 0.311 0.395 70.6 67 28.8 28.3 0.2 0.2
550 7.8 6.7 92.2 0.133 0.05 0.05 182 0.108 0.0025 0.0025 1.41 334 14.7 285.92 434 84.3 1.99 2.9 93.6 95.2 34.6 36.7 0.2 1.86

425.00 7.49 4.29 79.07 0.05 0.05 0.05 158.10 0.04 0.00 0.00 0.19 270.80 1.48 241.16 7.38 8.29 0.34 0.42 71.35 67.00 29.01 28.51 0.20 0.20
0 0 0 0 0 1 7 0 3 7 7 5 0 0 0.00 1 5 1 2 0 0 0 0 7 6
0 0 0 0 4 0 0 0 2 0 0 1 0 0 0.00 3 1 4 3 0 0 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

1/26/2004 280 7.2 2.57 41 0.061 0.05 0.05 112 0.408 0.0025 0.0025 0.82 216 2400 180.70 4060 10.3 2.37 1.33 245 18.8 78.9 10.1 0.637 0.2
4/15/2004 300 7.2 2.9 46.8 0.048 0.05 124 0.05 0.0025 0.0025 0.5 216 660 192.01 6300 13.5 4.19 1.07 402 9.91 80.9 9.4 0.47 0.2
7/21/2004 270 6.96 2.59 27.9 0.046 0.05 106 0.05 0.0025 0.0025 1 175 315 144.64 4910 10 2.88 0.506 308 4.9 43.9 3.42 0.31 0.2
10/13/2004 260 7.5 2.66 31.3 0.05 0.05 116 0.037 0.003 0.003 0.41 181 81 156.14 2030 7.53 2.32 1.33 134 11.1 23.8 7.33 0.364 0.2
4/20/2005 310 7.4 2.71 45.7 0.032 0.05 126 0.074 0.0025 0.0025 0.5 148 198 162.18 2580 6.38 1.89 0.727 163 8.9 28.6 6.9 0.2 0.2
11/10/2005 2.95 27.2 0.051 0.05 105 0.05 0.0025 0.0025 0.1 139 27.1 139.73 608 10 1.1 0.575 37.8 7.8 11.6 6.03 0.176 0.2

284.00 7.25 2.73 36.65 0.05 0.05 0.05 114.83 0.11 0.00 0.00 0.56 179.17 613.52 162.56 3414.67 9.62 2.46 0.92 214.97 10.24 44.62 7.20 0.36 0.20
20.74 0.21 0.16 8.93 0.01 #DIV/0! 0.00 8.86 0.15 0.00 0.00 0.32 32.62 903.65 20.39 2072.15 2.48 1.04 0.37 130.52 4.70 29.23 2.41 0.17 0.00

5 5 6 6 6 1 6 6 6 6 6 6 6 6 6.00 6 6 6 6 6 6 6 6 6 6
260 6.96 2.57 27.2 0.032 0.05 0.05 105 0.037 0.0025 0.0025 0.1 139 27.1 139.73 608 6.38 1.1 0.506 37.8 4.9 11.6 3.42 0.176 0.2
310 7.5 2.95 46.8 0.061 0.05 0.05 126 0.408 0.003 0.003 1 216 2400 192.01 6300 13.5 4.19 1.33 402 18.8 80.9 10.1 0.637 0.2

262.00 7.01 2.58 27.38 0.04 0.05 0.05 105.25 0.04 0.00 0.00 0.18 141.25 40.58 140.96 963.50 6.67 1.30 0.52 61.85 5.63 14.65 4.07 0.18 0.20
0 0 0 0 0 1 6 0 3 5 5 3 0 0 0.00 0 2 0 0 0 0 0 0 1 6
0 0 0 0 6 0 0 0 2 1 1 2 0 0 0.00 0 4 0 3 0 1 0 0 3 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

MW03-05

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

MW03-04

MW03-06
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

1/21/2004
4/21/2004
8/11/2004
11/4/2004
1/18/2005
4/18/2005
11/7/2005

1/15/2004
4/6/2004
7/8/2004
12/2/2004
1/5/2005
4/20/2005
11/7/2005

1/26/2004
4/15/2004
7/21/2004
10/13/2004
4/20/2005
11/10/2005

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

MW03-05

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

MW03-04

MW03-06

DEC FW 
Chronic-
Cadmium

DEC FW 
Chronic-
Copper

DEC 
Chronic-

Lead
Mercury 
(1ng/L)

DEC 
Chronic-

Nickel
Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Total Diss Total Diss Total Diss
ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L mg/L mg/L ug/L ug/L ng/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Standard 
in ug/L

Phosphorus  
(30ug/L)Calcium (2mg/L)Cadmium  (.1ug/L) Nickel  (2ug/L)

Molybdenum  
(10ug/L)Chromium  (1ug/L) Iron  (.04mg/L) Lead  (.2ug/L)

Magnesium  
(.2mg/L) Manganese  (1ug/L)Cobalt  (4ug/L) Copper  (1ug/L)

Standard in 
ug/L

0.05 0.05 0.44 71.1 70.8 10.7 4.48 2 2 0.382 0.5 18.33 0.0288 0.0131 0.071 0.1 6.18 13 13 19.2 16.7 5 5 9.92 2.19 105.67 15 21.1
0.25 0.25 0.45 75.2 76.9 0.34 0.5 2.09 2 2.23 0.446 18.96 1.67 0.02 4.33 0.1 6.45 12.8 13.5 53.9 17.8 7.3 4.66 5 5.8 3.53 109.31 100 100
0.25 0.152 0.43 70.3 66.9 0.672 0.5 2 2 0.502 0.5 17.91 0.031 0.02 0.288 0.325 6.01 12 11.8 4.65 2.72 1.7 5 4.55 2.28 1 103.30 100 100
0.25 0.25 0.42 66.3 69.9 3.86 4.85 2 2 0.401 0.5 17.17 0.0241 0.02 0.1 0.1 5.71 11.8 11.9 8.76 4.65 5 5 2.76 2.64 99.09 100 100
0.25 0.25 0.43 69.7 69.9 0.49 1.01 2 2 0.5 0.5 17.75 0.157 0.0364 0.1 0.1 5.95 11.8 12.2 71.6 36.1 5 5 1.76 1.87 102.40 100 100
0.25 0.25 0.44 71.9 70.1 0.49 0.5 2 2 0.745 0.5 18.30 0.0216 0.0144 0.35 0.377 6.17 12.4 12.2 8.26 8.65 5 5 2.46 2.73 105.49 100 100
0.25 0.25 0.44 72.5 72.7 0.5 0.5 2 2 0.5 0.5 18.23 0.019 0.0282 0.1 0.1 6.14 11.8 11.6 7.13 7.84 5 5 2.74 2.99 105.12 100 100

0.22 0.21 0.44 71.00 71.03 2.44 1.76 2.01 2.00 0.75 0.49 18.09 0.28 0.02 0.76 0.17 6.09 12.23 12.31 24.79 13.49 4.50 4.95 4.94 3.96 2.42 104.34 87.86 88.73
0.08 0.08 0.01 2.74 3.10 3.85 1.99 0.03 0.00 0.66 0.02 0.56 0.62 0.01 1.58 0.12 0.23 0.51 0.69 26.83 11.47 3.96 0.13 0.17 2.94 0.82 3.18 32.13 29.82

7 7 7.00 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7.00 7 7 7 7 2 7 7 7 7 7.00 7 7
0.05 0.05 0.42 66.3 66.9 0.34 0.5 2 2 0.382 0.446 17.17 0.019 0.0131 0.071 0.1 5.71 11.8 11.6 4.65 2.72 1.7 4.66 4.55 1.76 1 99.09 15 21.1
0.25 0.25 0.45 75.2 76.9 10.7 4.85 2.09 2 2.23 0.5 18.96 1.67 0.0364 4.33 0.377 6.45 13 13.5 71.6 36.1 7.3 5 5 9.92 3.53 109.31 100 100
0.11 0.08 0.42 67.32 67.80 0.39 0.50 2.00 2.00 0.39 0.46 17.35 0.02 0.01 0.08 0.10 5.78 11.80 11.66 5.39 3.30 1.98 4.76 4.69 1.92 1.26 100.08 40.50 44.77

7 6 6.00 0 0 1 4 6 7 2 6 0.00 0 3 3 5 0.00 0 0 0 0 0 6 6 0 1 0.00 7 6
0 1 1.00 0 0 4 0 1 0 4 1 0.00 5 4 1 0 0.00 0 0 0 0 0 1 1 1 1 0.00 0 1

0.4801 0.42088 11 18.0713 17.3485 1 1 8.52 5.77873 770 100.38 100.08
5 100 1000 0.3 50 2000 100

0.05 1.63 0.48 59.9 60.6 1.65 2.6 2 1.91 0.5 1.58 20.23 0.666 0.653 0.1 1.93 6.98 26.7 27.1 27.1 35.8 5 4.11 1 1 116.52 15 37.9
0.05 0.05 0.45 56.4 62 0.5 0.5 2 2 0.477 0.592 18.79 0.655 0.619 0.543 0.163 6.38 23.6 27.2 29.2 27.2 0.5 5 5 2.87 2.84 108.30 15 16.9
0.25 0.25 0.46 57.9 59.4 0.5 0.5 2 2 0.557 0.5 19.57 1.19 0.518 1.08 0.1 6.70 25.5 26.1 42.6 28.6 1.2 5 5 3.23 2.17 112.74 100 100
0.25 0.25 0.48 60.7 60 1.7 0.5 2 2 1.19 0.651 20.42 0.721 0.637 0.431 0.1 7.06 26.9 26.6 28 23.9 5 5 2.41 1.84 117.59 100 100
0.25 0.25 0.51 66.2 67.8 3.95 3.23 2 2 0.441 0.468 21.98 0.729 0.751 0.1 0.1 7.73 29.3 30 23.9 24.2 5 5 1.4 1.46 126.49 100 100
0.25 0.25 0.46 57.5 56.5 0.5 0.5 2 2 0.536 0.712 19.50 0.574 0.537 0.226 0.064 6.68 25.5 25.2 23 22.9 5 5 1.73 1.77 112.35 100 100
0.25 0.12 0.51 65.9 65.1 0.5 0.5 2 2 0.5 0.446 21.87 0.8 0.714 0.099 0.1 7.69 29.1 28.8 23 24.3 5 5 1.84 1.88 125.90 100 100

0.19 0.40 0.48 60.64 61.63 1.33 1.19 2.00 1.99 0.60 0.71 20.34 0.76 0.63 0.37 0.37 7.03 26.66 27.29 28.11 26.70 0.85 5.00 4.87 2.07 1.85 117.13 75.71 79.26
0.10 0.55 0.02 3.97 3.77 1.28 1.19 0.00 0.03 0.26 0.40 1.21 0.20 0.09 0.36 0.69 0.51 2.04 1.63 6.86 4.49 0.49 0.00 0.34 0.80 0.57 6.89 41.48 35.94

7 7 7.00 7 7 7 7 7 7 7 7 7.00 7 7 7 7 7.00 7 7 7 7 2 7 7 7 7 7.00 7 7
0.05 0.05 0.45 56.4 56.5 0.5 0.5 2 1.91 0.441 0.446 18.79 0.574 0.518 0.099 0.064 6.38 23.6 25.2 23 22.9 0.5 5 4.11 1 1 108.30 15 16.9
0.25 1.63 0.51 66.2 67.8 3.95 3.23 2 2 1.19 1.58 21.98 1.19 0.751 1.08 1.93 7.73 29.3 30 42.6 35.8 1.2 5 5 3.23 2.84 126.49 100 100
0.05 0.07 0.45 56.73 57.37 0.50 0.50 2.00 1.94 0.45 0.45 19.00 0.60 0.52 0.10 0.07 6.47 24.17 25.47 23.00 23.20 0.54 5.00 4.38 1.12 1.14 109.52 15.00 23.20

7 5 5.00 0 0 4 5 7 6 2 1 0.00 0 0 2 4 0.00 0 0 0 0 1 7 6 1 1 0.00 7 5
0 1 1.00 0 0 0 0 0 1 4 5 0.00 0 0 1 2 0.00 0 0 0 0 0 0 1 3 4 0.00 0 1

0.5195 0.45313 11 19.7932 19.0015 1 1 9.757 6.46643 770 109.85 109.52
5 100 1000 0.3 50 2000 100

0.499 0.05 0.37 51.4 44 6.52 1.92 14.4 2 23.1 0.5 14.85 29.1 0.02 16.1 0.1 4.76 12.7 10.2 271 123 76.8 1.86 5 26 1.62 85.79 371 35.4
0.418 0.117 0.39 52.8 50 18.1 0.5 13.2 2 33.5 0.624 15.64 23.6 0.0144 18.3 0.1 5.08 14.6 11.8 202 21.7 5.3 6.14 5 35.3 2.39 90.31 348 100
0.21 0.25 0.32 40.1 40.9 8.96 0.5 7.06 2 15.5 0.5 12.28 17.4 0.02 10.2 0.1 3.75 10.8 9.55 160 2.29 9.7 5 5 18.9 1 71.07 266 100
0.246 0.25 0.34 44.7 45.5 3.57 1.37 2.82 2 6.79 0.605 13.11 6.09 0.0374 4.02 0.1 4.07 10.8 10.4 64.7 15.9 5 5 8.17 2 75.82 88.3 100
0.25 0.25 0.34 45.8 48.7 3.46 0.5 2.99 2 6.23 0.5 13.54 6.51 0.0161 4.06 0.092 4.24 11.6 11.5 55.7 1.52 5 5 8.83 1.77 78.29 157 100
0.173 0.06 0.31 40.9 40.5 1.04 0.5 2 2 1.52 0.5 11.92 1.63 0.0198 1.16 0.1 3.62 9.12 8.96 16.1 1.93 5 5 3.17 1.83 69.02 100 100

0.30 0.16 0.34 45.95 44.93 6.94 0.88 7.08 2.00 14.44 0.54 13.55 14.06 0.02 8.97 0.10 4.25 11.60 10.40 128.25 27.72 30.60 4.67 5.00 16.73 1.77 78.38 221.72 89.23
0.13 0.10 0.03 5.25 3.92 6.12 0.62 5.51 0.00 12.10 0.06 1.45 10.99 0.01 7.06 0.00 0.57 1.88 1.10 98.70 47.44 40.07 1.45 0.00 12.29 0.46 8.31 124.09 26.37

6 6 6.00 6 6 6 6 6 6 6 6 6.00 6 6 6 6 6.00 6 6 6 6 3 6 6 6 6 6.00 6 6
0.173 0.05 0.31 40.1 40.5 1.04 0.5 2 2 1.52 0.5 11.92 1.63 0.0144 1.16 0.092 3.62 9.12 8.96 16.1 1.52 5.3 1.86 5 3.17 1 69.02 88.3 35.4
0.499 0.25 0.39 52.8 50 18.1 1.92 14.4 2 33.5 0.624 15.64 29.1 0.0374 18.3 0.1 5.08 14.6 11.8 271 123 76.8 6.14 5 35.3 2.39 90.31 371 100
0.18 0.05 0.31 40.30 40.60 1.65 0.50 2.21 2.00 2.70 0.50 12.01 2.75 0.01 1.88 0.09 3.65 9.54 9.11 26.00 1.62 5.74 2.65 5.00 4.42 1.16 69.53 91.23 51.55

1 4 4.00 0 0 0 4 1 6 0 4 0.00 0 2 0 5 0.00 0 0 0 0 0 4 6 0 1 0.00 1 5
4 2 2.00 0 0 0 0 2 0 0 2 0.00 0 4 0 1 0.00 0 0 0 0 0 2 0 0 3 0.00 2 0

0.349 0.31223 11 12.5093 12.0089 1 1 4.925 3.64961 770 69.742 69.533
5 100 1000 0.3 50 2000 100
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

1/21/2004
4/21/2004
8/11/2004
11/4/2004
1/18/2005
4/18/2005
11/7/2005

1/15/2004
4/6/2004
7/8/2004
12/2/2004
1/5/2005
4/20/2005
11/7/2005

1/26/2004
4/15/2004
7/21/2004
10/13/2004
4/20/2005
11/10/2005

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

MW03-05

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

MW03-04

MW03-06

DEC FW 
Acute-Silver

DEC FW 
Acute-Zinc

Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Strontium  
(.01mg/L)

Potassium  
(500ug/L) Selenium  (5ug/L) Silicon Sodium  (500ug/L) Zinc  (2ug/L) Titanium  (5ug/L)Tin  (5ug/L)Thallium  (1ug/L)

Vanadium  
(20ug/L)Silver  (1ug/L)

447 423 2.84 2.61 2630 2850 0.5 0.5 14.58 2430 2360 0.225 0.222 1.07 0.5 10 10 1 1 238.36 2.5 2.5 71 71.1
701 292 4.11 1.76 2220 5400 0.5 0.5 15.62 2690 2460 0.221 0.221 2.09 0.318 10 10 7.75 2.15 246.57 0.5 0.5 96.5 90.7
239 264 3.28 3.84 2090 2520 0.5 0.5 13.93 2130 1880 0.219 0.214 0.5 0.829 10 10 2.5 2.5 233.01 0.5 0.5 46.2 64.5
227 225 3.2 2.84 2680 2720 0.5 0.5 12.79 2060 2010 0.205 0.209 0.5 0.5 10 10 2.5 2.5 223.48 0.5 0.5 63 58.7
246 219 2.47 3.03 2330 2010 0.5 0.5 13.68 2100 2060 0.226 0.228 0.5 0.5 10 10 2.5 2.5 230.97 0.5 0.5 14.1 13.8
228 240 2.5 2.09 2200 0.5 0.5 14.53 2100 2210 0.214 0.22 0.5 0.5 10 10 2.5 2.5 237.95 0.5 0.5 50.4 44.2
205 248 2.3 2.5 2510 2630 0.5 0.5 14.43 2030 2110 0.213 0.208 0.5 0.5 10 10 2.5 2.99 237.11 0.5 0.5 103 52.5

327.57 273.00 2.96 2.67 2410.00 2904.29 0.50 0.50 14.22 2220.00 2155.71 0.22 0.22 0.81 0.52 10.00 10.00 3.04 2.31 235.35 0.79 0.79 63.46 56.50
184.06 70.56 0.63 0.67 235.03 1139.02 0.00 0.00 0.88 246.17 202.39 0.01 0.01 0.60 0.15 0.00 0.00 2.15 0.63 7.19 0.76 0.76 30.60 23.95

7 7 7 7 6 7 7 7 7.00 7 7 7 7 7 7 7 7 7 7 7.00 7 7 7 7
205 219 2.3 1.76 2090 2010 0.5 0.5 12.79 2030 1880 0.205 0.208 0.5 0.318 10 10 1 1 223.48 0.5 0.5 14.1 13.8
701 423 4.11 3.84 2680 5400 0.5 0.5 15.62 2690 2460 0.226 0.228 2.09 0.829 10 10 7.75 2.99 246.57 2.5 2.5 103 90.7

211.60 220.80 2.35 1.86 2122.50 2067.00 0.50 0.50 13.06 2039.00 1919.00 0.21 0.21 0.50 0.37 10.00 10.00 1.45 1.35 225.73 0.50 0.50 23.73 22.92
0 0 1 1 0 0 7 7 0.00 0 0 0 0 5 5 7 7 6 5 0.00 7 7 0 0
6 7 6 6 0 0 0 0 0.00 0 0 0 0 0 2 0 0 0 2 0.00 0 0 0 0

5 4.6 15.361 13.057 230.81 225.73
50 100 250000 2 5000

599 713 1.64 4.21 3120 3090 0.5 0.444 17.79 5460 6130 0.262 0.266 0.5 2.82 10 10 1 26.1 262.87 2.5 2.5 77.9 79.1
711 722 2.5 2.5 2950 2990 0.5 0.5 15.33 4310 4400 0.244 0.254 0.5 0.5 10 10 1 4.14 244.30 2.5 2.5 50.2 50.9
693 585 2.5 2.5 3050 4010 0.5 0.5 16.63 5090 5170 0.262 0.262 0.5 0.5 10 10 9.11 1.71 254.32 0.5 0.5 89.7 86.5
596 540 2.5 2.5 3550 3810 0.5 0.5 18.12 6220 6360 0.262 0.259 0.5 0.5 10 10 2.5 2.5 265.29 0.5 0.5 69.5 27
533 535 2.5 2.5 1880 1850 0.5 0.5 21.02 5420 5370 0.278 0.288 0.5 0.5 10 10 1.59 2.11 285.39 0.5 0.5 48 51.7
623 620 2.5 2.5 2920 2910 0.5 0.5 16.52 5090 5130 0.244 0.239 0.5 0.5 10 10 2.5 2.5 253.45 0.5 0.5 55.8 51.2
532 561 2.5 2.5 3460 3550 0.5 0.5 20.82 5810 6000 0.288 0.276 0.5 0.5 10 10 2.5 1.88 284.06 0.5 0.5 94.9 52

612.43 610.86 2.38 2.74 2990.00 3172.86 0.50 0.49 18.03 5342.86 5508.57 0.26 0.26 0.50 0.83 10.00 10.00 2.89 5.85 264.24 1.07 1.07 69.43 56.91
70.18 78.31 0.33 0.65 546.75 719.76 0.00 0.02 2.17 605.80 690.25 0.02 0.02 0.00 0.88 0.00 0.00 2.83 8.97 15.57 0.98 0.98 18.91 19.93

7 7 7 7 7 7 7 7 7.00 7 7 7 7 7 7 7 7 7 7 7.00 7 7 7 7
532 535 1.64 2.5 1880 1850 0.5 0.444 15.33 4310 4400 0.244 0.239 0.5 0.5 10 10 1 1.71 244.30 0.5 0.5 48 27
711 722 2.5 4.21 3550 4010 0.5 0.5 21.02 6220 6360 0.288 0.288 0.5 2.82 10 10 9.11 26.1 285.39 2.5 2.5 94.9 86.5

532.30 536.50 1.90 2.50 2192.00 2168.00 0.50 0.46 15.69 4544.00 4619.00 0.24 0.24 0.50 0.50 10.00 10.00 1.00 1.76 247.05 0.50 0.50 48.66 34.17
0 0 6 6 0 0 7 6 0.00 0 0 0 0 7 6 7 7 5 2 0.00 7 7 0 0
0 0 1 1 0 1 0 1 0.00 0 0 0 0 0 0 0 0 1 3 0.00 0 0 0 0

5 4.6 18.449 15.682 252.61 247.05
50 100 250000 2 5000

388 202 1.25 2.5 1830 5260 0.25 0.5 9.54 1340 2080 0.147 0.115 1.21 0.5 16.9 10 34.3 1 193.45 1.25 2.5 73.9 46.6
917 253 3.06 2.5 2320 6240 0.5 0.5 10.60 2660 2660 0.146 0.127 0.958 0.5 20.8 10 55.9 2.57 203.66 1.43 0.5 141 52.4
740 250 2.5 2.5 963 7090 0.5 0.5 6.51 2310 1370 0.109 0.105 0.5 0.5 9.83 10 31.4 2.5 160.20 0.5 0.5 86.6 25.6
597 255 2.5 2.5 2280 4700 0.5 0.5 7.42 2150 2030 0.121 0.12 0.5 0.5 10 10 15.9 2.5 170.93 0.388 0.5 73.5 25.1
669 238 2.09 2.5 2070 5170 0.5 0.5 7.92 2230 2140 0.124 0.126 0.5 0.5 10 10 13.3 2.5 176.51 0.5 0.5 99.9 41
325 263 2.5 2.5 2640 3590 0.5 0.5 6.13 1900 1900 0.11 0.108 0.5 0.5 10 10 2.85 1.68 155.58 0.694 0.5 48.7 33.2

606.00 243.50 2.32 2.50 2017.17 5341.67 0.46 0.50 8.02 2098.33 2030.00 0.13 0.12 0.69 0.50 12.92 10.00 25.61 2.13 176.72 0.79 0.83 87.27 37.32
221.46 21.90 0.61 0.00 582.72 1214.90 0.10 0.00 1.74 446.02 415.69 0.02 0.01 0.31 0.00 4.76 0.00 18.92 0.65 18.76 0.44 0.82 31.31 11.23

6 6 6 6 6 6 6 6 6.00 6 6 6 6 6 6 6 6 6 6 6.00 6 6 6 6
325 202 1.25 2.5 963 3590 0.25 0.5 6.13 1340 1370 0.109 0.105 0.5 0.5 9.83 10 2.85 1 155.58 0.388 0.5 48.7 25.1
917 263 3.06 2.5 2640 7090 0.5 0.5 10.60 2660 2660 0.147 0.127 1.21 0.5 20.8 10 55.9 2.57 203.66 1.43 2.5 141 52.4

340.75 211.00 1.46 2.50 1179.75 3867.50 0.31 0.50 6.23 1480.00 1502.50 0.11 0.11 0.50 0.50 9.87 10.00 5.46 1.17 156.74 0.42 0.50 54.90 25.23
0 1 4 6 0 0 6 6 0.00 0 0 0 0 5 6 3 6 0 4 0.00 3 6 0 0
1 5 2 0 0 0 0 0 0.00 0 0 0 0 1 0 2 0 1 2 0.00 2 0 0 0

5 4.6 7.3256 6.2267 160.27 156.74
50 100 250000 2 5000
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date

Conductivity 
(1umhos/cm) pH  (.1units)

Chloride 
(.1mg/L)

Sulfate  
(.1mg/L)

Fluoride 
(.1mg/L)

Bromide  
(.1mg/L) Suflide (.1mg/L)

Alkalinity 
(20mg/L) 

Ammonia 
(.1mg/L)

Nitrate/ Nitrite  (.1-
2mg/L)

TDS  
(50mg/L)

TSS 
(.4mg/L)

Calculated 
Hardness

Total/Diss Total WAD Total Diss Total Diss Total Diss Total Diss Total Diss
Units umhos/cm pH units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Cyanide  (.005mg/L) Barium (3ug/L)
Beryllium  
(.4ug/L)

Aluminum 
(20ug/L) Antimony (1ug/L) Arsenic (5ug/L)

1/28/2004 490 7.5 20.6 18.8 0.11 0.05 0.05 212 0.18 0.0025 0.0025 0.5 265 9.1 240.21 355 10 5.22 2.02 527 497 34.3 26.1 0.2 0.2
5/6/2004 420 7.3 7.18 18.8 0.102 0.05 210 0.157 0.0025 0.0025 0.5 255 5.7 223.82 110 10 4.87 2.79 541 515 32.1 28.7 0.2 0.2
8/5/2004 400 7.22 4.71 19.5 0.096 0.05 219 0.133 0.0025 0.0025 0.5 208 4.53 227.14 15.4 10 2.82 3.29 534 530 27 26.8 0.2 0.2
12/2/2004 440 7.19 3.59 21.6 0.048 0.05 220 0.135 0.0025 0.0025 0.5 248 7 238.82 17.8 10 3.97 4.13 521 511 28.2 26.4 0.2 0.2
1/18/2005 430 7.53 3.52 20.7 0.083 0.05 222 0.05 0.0025 0.0025 0.5 250 7 246.82 45.5 10 3.18 4.23 452 482 24.5 25.3 0.2 0.2
4/18/2005 390 7.5 3.43 21.4 0.081 0.05 218 0.083 0.0025 0.0025 0.5 241 1.6 238.07 10 10 1.99 2.5 461 493 25 27.4 0.2 0.2

428.33 7.37 7.17 20.13 0.09 0.05 0.05 216.83 0.12 0.00 0.00 0.50 244.50 5.82 235.81 92.28 10.00 3.68 3.16 506.00 504.67 28.52 26.78 0.20 0.20
35.45 0.15 6.73 1.27 0.02 #DIV/0! 0.00 4.75 0.05 0.00 0.00 0.00 19.58 2.57 8.65 133.98 0.00 1.24 0.89 39.03 17.31 3.93 1.17 0.00 0.00

6 6 6 6 6 1 6 6 6 6 6 6 6 6 6.00 6 6 6 6 6 6 6 6 6 6
390 7.19 3.43 18.8 0.048 0.05 0.05 210 0.05 0.0025 0.0025 0.5 208 1.6 223.82 10 10 1.99 2.02 452 482 24.5 25.3 0.2 0.2
490 7.53 20.6 21.6 0.11 0.05 0.05 222 0.18 0.0025 0.0025 0.5 265 9.1 246.82 355 10 5.22 4.23 541 530 34.3 28.7 0.2 0.2

392.50 7.20 3.45 18.80 0.06 0.05 0.05 210.50 0.06 0.00 0.00 0.50 216.25 2.33 224.65 11.35 10.00 2.20 2.14 454.25 484.75 24.63 25.50 0.20 0.20
0 0 0 0 0 1 6 0 1 6 6 6 0 0 0.00 1 6 0 0 0 0 0 0 6 6
0 0 0 0 4 0 0 0 1 0 0 0 0 0 0.00 2 0 0 0 0 0 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

Notes:  Cyanide drinking water standard is for free cyanide.  For hardness dependent criteria if the hardness exceeded 400 a value of 400 was used to calculate the criteria.

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

MW03-07
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

1/28/2004
5/6/2004
8/5/2004
12/2/2004
1/18/2005
4/18/2005

Notes:  Cyanide drinking water standard is

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

MW03-07

DEC FW 
Chronic-
Cadmium

DEC FW 
Chronic-
Copper

DEC 
Chronic-

Lead
Mercury 
(1ng/L)

DEC 
Chronic-

Nickel
Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Total Diss Total Diss Total Diss
ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L mg/L mg/L ug/L ug/L ng/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Standard 
in ug/L

Phosphorus  
(30ug/L)Calcium (2mg/L)Cadmium  (.1ug/L) Nickel  (2ug/L)

Molybdenum  
(10ug/L)Chromium  (1ug/L) Iron  (.04mg/L) Lead  (.2ug/L)

Magnesium  
(.2mg/L) Manganese  (1ug/L)Cobalt  (4ug/L) Copper  (1ug/L)

Standard in 
ug/L

0.05 0.05 0.45 66 63.3 0.793 4.72 2 2 0.872 0.806 18.94 0.922 0.679 0.43 0.1 6.44 18.3 16.9 76.3 56.8 0.5 5 5 2.92 1.88 109.15 15 14.6
0.117 0.25 0.43 62.4 65.4 0.921 0.5 2 2 1.26 0.35 17.83 1.03 0.697 0.446 0.1 5.98 16.5 17.3 66.1 59.6 0.5 6.49 5 2.9 2.3 102.82 100 100
0.25 0.25 0.43 63.4 62.3 0.5 0.5 2 2 0.409 0.639 18.05 0.742 0.683 0.324 0.129 6.07 16.7 16.3 65.5 65.2 0.5 5 5 1.06 1.18 104.11 100 100
0.25 0.25 0.45 66.1 65.4 2.72 0.5 2 2 0.506 0.735 18.84 0.749 0.694 0.229 0.069 6.40 17.9 17.7 59.1 57.6 5 5 2.42 1.99 108.62 100 100
0.25 0.25 0.46 67 66.8 1.64 1.68 2 2 0.314 0.5 19.38 0.979 0.755 0.302 0.1 6.63 19.3 19.2 52.4 54 5 5 1.27 1.28 111.69 100 100
0.25 0.25 0.45 65.8 64 0.913 0.5 2 2 0.5 0.5 18.79 0.721 0.723 0.321 0.323 6.38 17.9 17.7 51.1 56.8 5 5 1.7 1.85 108.33 100 100

0.19 0.22 0.45 65.12 64.53 1.25 1.40 2.00 2.00 0.64 0.59 18.64 0.86 0.71 0.34 0.14 6.32 17.77 17.52 61.75 58.33 0.50 5.25 5.00 2.05 1.75 107.45 85.83 85.77
0.09 0.08 0.01 1.79 1.64 0.81 1.69 0.00 0.00 0.36 0.17 0.58 0.14 0.03 0.08 0.09 0.24 1.04 0.98 9.51 3.82 0.00 0.61 0.00 0.82 0.43 3.34 34.70 34.86

6 6 6.00 6 6 6 6 6 6 6 6 6.00 6 6 6 6 6.00 6 6 6 6 3 6 6 6 6 6.00 6 6
0.05 0.05 0.43 62.4 62.3 0.5 0.5 2 2 0.314 0.35 17.83 0.721 0.679 0.229 0.069 5.98 16.5 16.3 51.1 54 0.5 5 5 1.06 1.18 102.82 15 14.6
0.25 0.25 0.46 67 66.8 2.72 4.72 2 2 1.26 0.806 19.38 1.03 0.755 0.446 0.323 6.63 19.3 19.2 76.3 65.2 0.5 6.49 5 2.92 2.3 111.69 100 100
0.07 0.10 0.43 62.65 62.55 0.57 0.50 2.00 2.00 0.34 0.39 17.88 0.73 0.68 0.25 0.08 6.00 16.55 16.45 51.43 54.70 0.50 5.00 5.00 1.11 1.21 103.14 36.25 35.95

5 6 6.00 0 0 1 4 6 6 1 2 0.00 0 0 0 3 0.00 0 0 0 0 3 5 6 0 0 0.00 6 5
1 0 0.00 0 0 3 0 0 0 4 4 0.00 0 0 0 2 0.00 0 0 0 0 0 1 0 3 5 0.00 0 1

0.4929 0.43139 11 18.6288 17.8837 1 1 8.915 6.00013 770 103.45 103.14
5 100 1000 0.3 50 2000 100
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Rock Creek Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

1/28/2004
5/6/2004
8/5/2004
12/2/2004
1/18/2005
4/18/2005

Notes:  Cyanide drinking water standard is

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

MW03-07

DEC FW 
Acute-Silver

DEC FW 
Acute-Zinc

Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Strontium  
(.01mg/L)

Potassium  
(500ug/L) Selenium  (5ug/L) Silicon Sodium  (500ug/L) Zinc  (2ug/L) Titanium  (5ug/L)Tin  (5ug/L)Thallium  (1ug/L)

Vanadium  
(20ug/L)Silver  (1ug/L)

980 763 2.5 2.5 3950 5100 0.5 0.5 15.58 20800 16400 0.295 0.26 0.5 0.5 10 10 3.04 1 246.23 2.5 2.5 86.4 68.6
932 1370 1.9 2.5 4530 4790 0.5 0.5 13.79 3910 4670 0.291 0.302 0.511 0.5 10 10 3.47 7.02 231.91 1.49 0.5 81.4 67.3
877 898 2.5 2.5 3870 3810 0.5 0.5 14.15 3460 3450 0.259 0.263 0.5 0.5 10 10 2.5 1.8 234.82 0.5 0.5 44.2 47.5
834 835 2.5 2.5 4360 4540 0.5 0.5 15.42 2710 2760 0.268 0.266 0.5 0.5 10 10 1.86 3.56 245.02 0.5 0.5 69.7 22.3
763 794 2.5 2.5 4020 3460 0.5 0.5 16.32 2390 2520 0.299 0.3 0.5 0.5 10 10 2.5 2.71 251.96 0.5 0.5 14 13.6
728 797 2.5 2.5 3440 0.5 0.5 15.34 2230 2500 0.266 0.274 0.5 0.5 10 10 2.5 2.5 244.36 0.5 0.5 38.4 43.5

852.33 909.50 2.40 2.50 4146.00 4190.00 0.50 0.50 15.10 5916.67 5383.33 0.28 0.28 0.50 0.50 10.00 10.00 2.65 3.10 242.38 1.00 0.83 55.68 43.80
96.98 230.30 0.24 0.00 284.48 714.20 0.00 0.00 0.95 7319.66 5459.08 0.02 0.02 0.00 0.00 0.00 0.00 0.55 2.11 7.54 0.84 0.82 28.18 22.61

6 6 6 6 5 6 6 6 6.00 6 6 6 6 6 6 6 6 6 6 6.00 6 6 6 6
728 763 1.9 2.5 3870 3440 0.5 0.5 13.79 2230 2500 0.259 0.26 0.5 0.5 10 10 1.86 1 231.91 0.5 0.5 14 13.6
980 1370 2.5 2.5 4530 5100 0.5 0.5 16.32 20800 16400 0.299 0.302 0.511 0.5 10 10 3.47 7.02 251.96 2.5 2.5 86.4 68.6

736.75 770.75 2.05 2.50 3886.00 3445.00 0.50 0.50 13.88 2270.00 2505.00 0.26 0.26 0.50 0.50 10.00 10.00 2.02 1.20 232.64 0.50 0.50 20.10 15.78
0 0 5 6 0 0 6 6 0.00 0 0 0 0 5 6 6 6 3 2 0.00 5 6 0 0
0 0 1 0 0 0 0 0 0.00 0 0 0 0 1 0 0 0 2 3 0.00 0 0 0 0

5 4.6 16.33 13.88 237.87 232.64
50 100 250000 2 5000
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date

Conductivity 
(1umhos/cm) pH  (.1units)

Chloride 
(.1mg/L)

Sulfate  
(.1mg/L)

Fluoride 
(.1mg/L)

Bromide  
(.1mg/L) Suflide (.1mg/L)

Alkalinity 
(20mg/L) 

Ammonia 
(.1mg/L)

Nitrate/ Nitrite  (.1-
2mg/L)

TDS  
(50mg/L)

TSS 
(.4mg/L)

Calculated 
Hardness

Total/Diss Total WAD Total Diss Total Diss Total Diss Total Diss Total Diss
Units umhos/cm pH units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

10/27/2005 2.71 103 0.136 0.05 319 0.072 0.0025 0.0025 0.05 440 3.8 446.80 10 10 0.5 0.5 2.5 2.5 20.4 19.5 0.2 0.2
11/30/2005 2.88 102 0.079 0.05 315 0.0361 0.0025 0.0025 0.05 436 4.1 439.44 10 13.2 0.5 0.5 2.92 2.5 20.5 20.6 0.2 0.2

#DIV/0! #DIV/0! 2.80 102.50 0.11 #DIV/0! 0.05 317.00 0.05 0.00 0.00 0.05 438.00 3.95 443.12 10.00 11.60 0.50 0.50 2.71 2.50 20.45 20.05 0.20 0.20
#DIV/0! #DIV/0! 0.12 0.71 0.04 #DIV/0! 0.00 2.83 0.03 0.00 0.00 0.00 2.83 0.21 5.20 0.00 2.26 0.00 0.00 0.30 0.00 0.07 0.78 0.00 0.00

0 0 2 2 2 0 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2
0 0 2.71 102 0.079 0 0.05 315 0.0361 0.0025 0.0025 0.05 436 3.8 439.44 10 10 0.5 0.5 2.5 2.5 20.4 19.5 0.2 0.2
0 0 2.88 103 0.136 0 0.05 319 0.072 0.0025 0.0025 0.05 440 4.1 446.80 10 13.2 0.5 0.5 2.92 2.5 20.5 20.6 0.2 0.2

#NUM! #NUM! 2.72 102.05 0.08 #NUM! 0.05 315.20 0.04 0.00 0.00 0.05 436.20 3.82 439.80 10.00 10.16 0.50 0.50 2.52 2.50 20.41 19.56 0.20 0.20
0 0 0 0 0 0 2 0 0 2 2 2 0 0 0.00 2 1 2 2 1 2 0 0 2 2
0 0 0 0 2 0 0 0 2 0 0 0 0 0 0.00 0 1 0 0 1 0 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

11/27/2005 2.78 58 0.076 0.05 298 0.139 0.0025 0.0025 0.0545 340 0.8 364.54 6.79 34.3 1.34 1.17 2.5 2.38 37.1 37.5 0.2 0.2

#DIV/0! #DIV/0! 2.78 58.00 0.08 #DIV/0! 0.05 298.00 0.14 0.00 0.00 0.05 340.00 0.80 364.54 6.79 34.30 1.34 1.17 2.50 2.38 37.10 37.50 0.20 0.20
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

0 0 1 1 1 0 1 1 1 1 1 1 1 1 1.00 1 1 1 1 1 1 1 1 1 1
0 0 2.78 58 0.076 0 0.05 298 0.139 0.0025 0.0025 0.0545 340 0.8 364.54 6.79 34.3 1.34 1.17 2.5 2.38 37.1 37.5 0.2 0.2
0 0 2.78 58 0.076 0 0.05 298 0.139 0.0025 0.0025 0.0545 340 0.8 364.54 6.79 34.3 1.34 1.17 2.5 2.38 37.1 37.5 0.2 0.2

#NUM! #NUM! 2.78 58.00 0.08 #NUM! 0.05 298.00 0.14 0.00 0.00 0.05 340.00 0.80 364.54 6.79 34.30 1.34 1.17 2.50 2.38 37.10 37.50 0.20 0.20
0 0 0 0 0 0 1 0 0 1 1 0 0 0 0.00 0 0 0 0 1 0 0 0 1 1
0 0 0 0 1 0 0 0 0 0 0 1 0 0 0.00 1 0 0 0 0 1 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

3/9/2005 600 7.26 2.91 59.5 0.068 0.05 287 0.05 0.004 0.003 0.27 346 16 369.36 328 10 0.5 0.5 2.5 2.5 29.6 24.6 0.2 0.2
4/21/2005 650 7.3 2.96 58.5 0.042 0.05 312 0.044 0.0025 0.0025 0.5 351 222 338.30 4670 10 1.13 0.5 4.78 2.5 64.3 25.5 0.209 0.2
11/30/2005 2.76 56.5 0.07 0.05 292 0.0699 0.0025 0.0025 0.05 348 1.6 369.42 9.08 13.3 0.5 0.5 2.18 2.5 24.5 26 0.179 0.2

625.00 7.28 2.88 58.17 0.06 #DIV/0! 0.05 297.00 0.05 0.00 0.00 0.27 348.33 79.87 359.03 1669.03 11.10 0.71 0.50 3.15 2.50 39.47 25.37 0.20 0.20
35.36 0.03 0.10 1.53 0.02 #DIV/0! 0.00 13.23 0.01 0.00 0.00 0.23 2.52 123.30 17.95 2603.81 1.91 0.36 0.00 1.42 0.00 21.66 0.71 0.02 0.00

2 2 3 3 3 0 3 3 3 3 3 3 3 3 3.00 3 3 3 3 3 3 3 3 3 3
600 7.26 2.76 56.5 0.042 0 0.05 287 0.044 0.0025 0.0025 0.05 346 1.6 338.30 9.08 10 0.5 0.5 2.18 2.5 24.5 24.6 0.179 0.2
650 7.3 2.96 59.5 0.07 0 0.05 312 0.0699 0.004 0.003 0.5 351 222 369.42 4670 13.3 1.13 0.5 4.78 2.5 64.3 26 0.209 0.2

602.50 7.26 2.78 56.70 0.04 #NUM! 0.05 287.50 0.04 0.00 0.00 0.07 346.20 3.04 341.41 40.97 10.00 0.50 0.50 2.21 2.50 25.01 24.69 0.18 0.20
0 0 0 0 0 0 3 0 1 2 2 2 0 0 0.00 0 2 2 3 1 3 0 0 1 3
0 0 0 0 3 0 0 0 2 1 1 0 0 0 0.00 1 1 0 0 2 0 0 0 2 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

11/30/2005 2.69 56.5 0.093 0.05 156 0.0411 0.0025 0.0025 0.05 231 1 223.99 10 9.28 0.732 0.809 3.5 1.73 17.8 19.7 0.137 0.2

#DIV/0! #DIV/0! 2.69 56.50 0.09 #DIV/0! 0.05 156.00 0.04 0.00 0.00 0.05 231.00 1.00 223.99 10.00 9.28 0.73 0.81 3.50 1.73 17.80 19.70 0.14 0.20
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

0 0 1 1 1 0 1 1 1 1 1 1 1 1 1.00 1 1 1 1 1 1 1 1 1 1
0 0 2.69 56.5 0.093 0 0.05 156 0.0411 0.0025 0.0025 0.05 231 1 223.99 10 9.28 0.732 0.809 3.5 1.73 17.8 19.7 0.137 0.2
0 0 2.69 56.5 0.093 0 0.05 156 0.0411 0.0025 0.0025 0.05 231 1 223.99 10 9.28 0.732 0.809 3.5 1.73 17.8 19.7 0.137 0.2

#NUM! #NUM! 2.69 56.50 0.09 #NUM! 0.05 156.00 0.04 0.00 0.00 0.05 231.00 1.00 223.99 10.00 9.28 0.73 0.81 3.50 1.73 17.80 19.70 0.14 0.20
0 0 0 0 0 0 1 0 0 1 1 1 0 0 0.00 1 0 0 0 0 0 0 0 0 1
0 0 0 0 1 0 0 0 1 0 0 0 0 0 0.00 0 1 1 1 1 1 0 0 1 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

Cyanide  (.005mg/L) Barium (3ug/L)
Beryllium  
(.4ug/L)

Aluminum 
(20ug/L) Antimony (1ug/L) Arsenic (5ug/L)

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

St. Deviation
# of values
Minimum

HMW-1A

HMW-3A

HMW-3B

HMW-4A

Chronic Aquatic Life Criteria
Drinking Water Standards

Mean
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

10/27/2005

11/30/2005

11/27/2005

3/9/2005
4/21/2005
11/30/2005

11/30/2005

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

St. Deviation
# of values
Minimum

HMW-1A

HMW-3A

HMW-3B

HMW-4A

Chronic Aquatic Life Criteria
Drinking Water Standards

Mean

DEC FW 
Chronic-
Cadmium

DEC FW 
Chronic-
Copper

DEC 
Chronic-

Lead
Mercury 
(1ng/L)

DEC 
Chronic-

Nickel
Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Total Diss Total Diss Total Diss
ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L mg/L mg/L ug/L ug/L ng/L ug/L ug/L ug/L ug/L ug/L ug/L

0.25 0.25 0.64 90.6 90.8 0.5 0.5 2 2 0.331 0.311 29.28 2.38 2.36 0.1 0.1 10.94 53.6 53.6 47 43.9 5 5 1.3 1.27 168.04 100 100
0.25 0.235 0.64 89.3 89.8 0.5 0.5 2 2 0.726 0.461 29.28 2.47 2.31 0.1 0.1 10.94 52.6 53.8 53.4 44.7 5 5 1.98 2.52 168.04 100 100

0.25 0.24 0.64 89.95 90.30 0.50 0.50 2.00 2.00 0.53 0.39 29.28 2.43 2.34 0.10 0.10 10.94 53.10 53.70 50.20 44.30 #DIV/0! 5.00 5.00 1.64 1.90 168.04 100.00 100.00
0.00 0.01 0.00 0.92 0.71 0.00 0.00 0.00 0.00 0.28 0.11 0.00 0.06 0.04 0.00 0.00 0.00 0.71 0.14 4.53 0.57 #DIV/0! 0.00 0.00 0.48 0.88 0.00 0.00 0.00

2 2 2.00 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2.00 2 2 2 2 0 2 2 2 2 2.00 2 2
0.25 0.235 0.64 89.3 89.8 0.5 0.5 2 2 0.331 0.311 29.28 2.38 2.31 0.1 0.1 10.94 52.6 53.6 47 43.9 0 5 5 1.3 1.27 168.04 100 100
0.25 0.25 0.64 90.6 90.8 0.5 0.5 2 2 0.726 0.461 29.28 2.47 2.36 0.1 0.1 10.94 53.6 53.8 53.4 44.7 0 5 5 1.98 2.52 168.04 100 100
0.25 0.24 0.64 89.37 89.85 0.50 0.50 2.00 2.00 0.35 0.32 29.28 2.38 2.31 0.10 0.10 10.94 52.65 53.61 47.32 43.94 #NUM! 5.00 5.00 1.33 1.33 168.04 100.00 100.00

2 1 1.00 0 0 2 2 2 2 0 0 0.00 0 0 2 2 0.00 0 0 0 0 0 2 2 0 0 0.00 2 2
0 1 1.00 0 0 0 0 0 0 2 2 0.00 0 0 0 0 0.00 0 0 0 0 0 0 0 2 1 0.00 0 0

0.7558 0.64322 11 30.4994 29.2794 1 1 18.58 10.9442 770 168.54 168.04
5 100 1000 0.3 50 2000 100

0.25 0.127 0.60 84 86.8 0.5 0.5 2 2 0.387 0.446 27.05 0.742 0.752 0.088 0.1 9.95 37.6 38.7 11.1 11 5 5 3.25 3.98 155.34 100 100

0.25 0.13 0.60 84.00 86.80 0.50 0.50 2.00 2.00 0.39 0.45 27.05 0.74 0.75 0.09 0.10 9.95 37.60 38.70 11.10 11.00 #DIV/0! 5.00 5.00 3.25 3.98 155.34 100.00 100.00
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! ##### #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

1 1 1.00 1 1 1 1 1 1 1 1 1.00 1 1 1 1 1.00 1 1 1 1 0 1 1 1 1 1.00 1 1
0.25 0.127 0.60 84 86.8 0.5 0.5 2 2 0.387 0.446 27.05 0.742 0.752 0.088 0.1 9.95 37.6 38.7 11.1 11 0 5 5 3.25 3.98 155.34 100 100
0.25 0.127 0.60 84 86.8 0.5 0.5 2 2 0.387 0.446 27.05 0.742 0.752 0.088 0.1 9.95 37.6 38.7 11.1 11 0 5 5 3.25 3.98 155.34 100 100
0.25 0.13 0.60 84.00 86.80 0.50 0.50 2.00 2.00 0.39 0.45 27.05 0.74 0.75 0.09 0.10 9.95 37.60 38.70 11.10 11.00 #NUM! 5.00 5.00 3.25 3.98 155.34 100.00 100.00

1 0 0.00 0 0 1 1 1 1 0 0 0.00 0 0 0 1 0.00 0 0 0 0 0 1 1 0 0 0.00 1 1
0 1 1.00 0 0 0 0 0 0 1 1 0.00 0 0 1 0 0.00 0 0 0 0 0 0 0 0 0 0.00 0 0

0.7056 0.60321 11 28.1733 27.0464 1 1 16.51 9.9476 770 155.81 155.34
5 100 1000 0.3 50 2000 100

0.25 0.25 0.61 95.3 90.8 0.62 1.33 2 2 1.57 0.691 27.35 1.87 1.09 0.306 0.1 10.08 31.9 31.8 56.2 42.1 5 5 2.58 1.81 157.08 100 100
0.25 0.25 0.57 83.7 87.6 5.46 0.5 3.43 2 15.8 0.453 25.37 10.3 1.14 3.18 0.1 9.21 31.4 31.6 162 44.1 3 5 5 12.9 2.31 145.83 189 100
0.25 0.337 0.61 92.2 94.6 0.5 0.5 1.72 2 0.573 0.366 27.36 1.07 1.06 0.099 0.1 10.08 33.8 34.6 42.3 37.8 5 5 2.62 3.18 157.10 100 100

0.25 0.28 90.40 91.00 2.19 0.78 2.38 2.00 5.98 0.50 26.69 4.41 1.10 1.20 0.10 9.79 32.37 32.67 86.83 41.33 3.00 5.00 5.00 6.03 2.43 153.34 129.67 100.00
0.00 0.05 6.01 3.50 2.83 0.48 0.92 0.00 8.52 0.17 1.14 5.11 0.04 1.72 0.00 0.51 1.27 1.68 65.47 3.22 #DIV/0! 0.00 0.00 5.95 0.69 6.50 51.38 0.00

3 3 3 3 3 3 3 3 3 3 3.00 3 3 3 3 3.00 3 3 3 3 1 3 3 3 3 3.00 3 3
0.25 0.25 83.7 87.6 0.5 0.5 1.72 2 0.573 0.366 25.37 1.07 1.06 0.099 0.1 9.21 31.4 31.6 42.3 37.8 3 5 5 2.58 1.81 145.83 100 100
0.25 0.337 95.3 94.6 5.46 1.33 3.43 2 15.8 0.691 27.36 10.3 1.14 3.18 0.1 10.08 33.8 34.6 162 44.1 3 5 5 12.9 3.18 157.10 189 100
0.25 0.25 84.55 87.92 0.51 0.50 1.75 2.00 0.67 0.37 25.57 1.15 1.06 0.12 0.10 9.30 31.45 31.62 43.69 38.23 3.00 5.00 5.00 2.58 1.86 146.96 100.00 100.00

3 2 0 0 1 2 1 3 0 0 0.00 0 0 0 3 0.00 0 0 0 0 0 3 3 0 0 0.00 2 3
0 1 0 0 1 0 2 0 1 3 0.00 0 0 1 0 0.00 0 0 0 0 0 0 0 0 1 0.00 1 0

0.6722 0.57646 11 26.6388 25.5733 1 1 15.19 9.29635 770 147.41 146.96
5 100 1000 0.3 50 2000 100

0.25 0.272 0.43 62.8 63.4 0.5 0.5 2 2 0.965 0.324 17.84 1.05 1.05 0.1 0.1 5.98 16.3 16.4 80.8 74.1 5 5 1.37 2.1 102.89 100 100

0.25 0.27 0.43 62.80 63.40 0.50 0.50 2.00 2.00 0.97 0.32 17.84 1.05 1.05 0.10 0.10 5.98 16.30 16.40 80.80 74.10 #DIV/0! 5.00 5.00 1.37 2.10 102.89 100.00 100.00
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! ##### #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

1 1 1.00 1 1 1 1 1 1 1 1 1.00 1 1 1 1 1.00 1 1 1 1 0 1 1 1 1 1.00 1 1
0.25 0.272 0.43 62.8 63.4 0.5 0.5 2 2 0.965 0.324 17.84 1.05 1.05 0.1 0.1 5.98 16.3 16.4 80.8 74.1 0 5 5 1.37 2.1 102.89 100 100
0.25 0.272 0.43 62.8 63.4 0.5 0.5 2 2 0.965 0.324 17.84 1.05 1.05 0.1 0.1 5.98 16.3 16.4 80.8 74.1 0 5 5 1.37 2.1 102.89 100 100
0.25 0.27 0.43 62.80 63.40 0.50 0.50 2.00 2.00 0.97 0.32 17.84 1.05 1.05 0.10 0.10 5.98 16.30 16.40 80.80 74.10 #NUM! 5.00 5.00 1.37 2.10 102.89 100.00 100.00

1 0 0.00 0 0 1 1 1 1 0 0 0.00 0 0 1 1 0.00 0 0 0 0 0 1 1 0 0 0.00 1 1
0 1 1.00 0 0 0 0 0 0 1 1 0.00 0 0 0 0 0.00 0 0 0 0 0 0 0 1 0 0.00 0 0

0.4919 0.43052 11 18.5826 17.8393 1 1 8.882 5.98172 770 103.2 102.89
5 100 1000 0.3 50 2000 100

Standard in 
ug/L

Standard 
in ug/L

Standard 
in ug/L

Phosphorus  
(30ug/L)Calcium (2mg/L)Cadmium  (.1ug/L) Nickel  (2ug/L)

Molybdenum  
(10ug/L)Chromium  (1ug/L) Iron  (.04mg/L) Lead  (.2ug/L)

Magnesium  
(.2mg/L) Manganese  (1ug/L)Cobalt  (4ug/L) Copper  (1ug/L)

Standard in 
ug/L
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

10/27/2005

11/30/2005

11/27/2005

3/9/2005
4/21/2005
11/30/2005

11/30/2005

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

St. Deviation
# of values
Minimum

HMW-1A

HMW-3A

HMW-3B

HMW-4A

Chronic Aquatic Life Criteria
Drinking Water Standards

Mean

DEC FW 
Acute-Silver

DEC FW 
Acute-Zinc

Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

641 558 2.5 2.5 2560 2550 0.5 0.5 37.44 2250 2190 0.33 0.326 0.5 0.5 10 10 1.71 1.8 379.30 0.5 0.5 98.9 98.7

617 566 2.5 2.5 2380 2690 0.5 0.5 37.44 2330 1980 0.33 0.326 0.5 0.5 7.98 10 2.44 5.75 379.30 0.5 0.5 63.9 71.7

629.00 562.00 2.50 2.50 2470.00 2620.00 0.50 0.50 37.44 2290.00 2085.00 0.33 0.33 0.50 0.50 8.99 10.00 2.08 3.78 379.30 0.50 0.50 81.40 85.20
16.97 5.66 0.00 0.00 127.28 98.99 0.00 0.00 0.00 56.57 148.49 0.00 0.00 0.00 0.00 1.43 0.00 0.52 2.79 0.00 0.00 0.00 24.75 19.09

2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2 2.00 2 2 2 2
617 558 2.5 2.5 2380 2550 0.5 0.5 37.44 2250 1980 0.33 0.326 0.5 0.5 7.98 10 1.71 1.8 379.30 0.5 0.5 63.9 71.7
641 566 2.5 2.5 2560 2690 0.5 0.5 37.44 2330 2190 0.33 0.326 0.5 0.5 10 10 2.44 5.75 379.30 0.5 0.5 98.9 98.7

618.20 558.40 2.50 2.50 2389.00 2557.00 0.50 0.50 37.44 2254.00 1990.50 0.33 0.33 0.50 0.50 8.08 10.00 1.75 2.00 379.30 0.50 0.50 65.65 73.05
0 0 2 2 0 0 2 2 0.00 0 0 0 0 2 2 1 2 0 0 0.00 2 2 0 0
0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 1 0 2 1 0.00 0 0 0 0

5 4.6 44.05 37.442 387.83 379.3
50 100 250000 2 5000

1510 1560 2.5 2.5 4310 4650 0.5 0.5 31.92 2640 2520 0.491 0.507 0.5 0.5 10 10 5.43 2.14 350.60 0.5 0.5 33.8 70.1

1510.00 1560.00 2.50 2.50 4310.00 4650.00 0.50 0.50 31.92 2640.00 2520.00 0.49 0.51 0.50 0.50 10.00 10.00 5.43 2.14 350.60 0.50 0.50 33.80 70.10
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

1 1 1 1 1 1 1 1 1.00 1 1 1 1 1 1 1 1 1 1 1.00 1 1 1 1
1510 1560 2.5 2.5 4310 4650 0.5 0.5 31.92 2640 2520 0.491 0.507 0.5 0.5 10 10 5.43 2.14 350.60 0.5 0.5 33.8 70.1
1510 1560 2.5 2.5 4310 4650 0.5 0.5 31.92 2640 2520 0.491 0.507 0.5 0.5 10 10 5.43 2.14 350.60 0.5 0.5 33.8 70.1

1510.00 1560.00 2.50 2.50 4310.00 4650.00 0.50 0.50 31.92 2640.00 2520.00 0.49 0.51 0.50 0.50 10.00 10.00 5.43 2.14 350.60 0.50 0.50 33.80 70.10
0 0 1 1 0 0 1 1 0.00 0 0 0 0 1 1 1 1 0 0 0.00 1 1 0 0
0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 1 0.00 0 0 0 0

5 4.6 37.549 31.916 358.49 350.6
50 100 250000 2 5000

1260 1080 2.5 2.5 3430 0.5 0.5 32.65 2480 2230 0.257 0.25 0.5 0.5 10 10 4.28 2.24 354.53 0.5 0.5 91.5 85.9
1820 1090 2.5 2.5 2630 7170 0.5 0.5 28.07 2640 2240 0.242 0.247 0.5 0.5 6.21 10 37.8 2.63 329.11 12.7 0.5 115 66.1
1200 1130 2.5 2.5 3210 3440 0.5 0.5 32.66 2740 2340 0.28 0.279 0.5 0.5 10 10 9.23 10.5 354.58 0.5 0.5 36.4 72.4

1426.67 1100.00 2.50 2.50 2920.00 4680.00 0.50 0.50 31.12 2620.00 2270.00 0.26 0.26 0.50 0.50 8.74 10.00 17.10 5.12 346.07 4.57 0.50 80.97 74.80
341.96 26.46 0.00 0.00 410.12 2156.41 0.00 0.00 2.65 131.15 60.83 0.02 0.02 0.00 0.00 2.19 0.00 18.09 4.66 14.69 7.04 0.00 40.34 10.12

3 3 3 3 2 3 3 3 3.00 3 3 3 3 3 3 3 3 3 3 3.00 3 3 3 3
1200 1080 2.5 2.5 2630 3430 0.5 0.5 28.07 2480 2230 0.242 0.247 0.5 0.5 6.21 10 4.28 2.24 329.11 0.5 0.5 36.4 66.1
1820 1130 2.5 2.5 3210 7170 0.5 0.5 32.66 2740 2340 0.28 0.279 0.5 0.5 10 10 37.8 10.5 354.58 12.7 0.5 115 85.9

1206.00 1081.00 2.50 2.50 2659.00 3431.00 0.50 0.50 28.53 2496.00 2231.00 0.24 0.25 0.50 0.50 6.59 10.00 4.78 2.28 331.65 0.50 0.50 41.91 66.73
0 0 3 3 0 0 3 3 0.00 0 0 0 0 3 3 2 3 0 0 0.00 2 3 0 0
0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 1 0 1 2 0.00 0 0 0 0

5 4.6 33.545 28.514 339.13 331.66
50 100 250000 2 5000

357 320 2.5 2.5 3700 3720 0.5 0.5 13.81 2310 2270 0.352 0.361 0.5 0.5 10 10 2.5 3.81 232.06 0.5 0.5 35.6 48.7

357.00 320.00 2.50 2.50 3700.00 3720.00 0.50 0.50 13.81 2310.00 2270.00 0.35 0.36 0.50 0.50 10.00 10.00 2.50 3.81 232.06 0.50 0.50 35.60 48.70
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

1 1 1 1 1 1 1 1 1.00 1 1 1 1 1 1 1 1 1 1 1.00 1 1 1 1
357 320 2.5 2.5 3700 3720 0.5 0.5 13.81 2310 2270 0.352 0.361 0.5 0.5 10 10 2.5 3.81 232.06 0.5 0.5 35.6 48.7
357 320 2.5 2.5 3700 3720 0.5 0.5 13.81 2310 2270 0.352 0.361 0.5 0.5 10 10 2.5 3.81 232.06 0.5 0.5 35.6 48.7

357.00 320.00 2.50 2.50 3700.00 3720.00 0.50 0.50 13.81 2310.00 2270.00 0.35 0.36 0.50 0.50 10.00 10.00 2.50 3.81 232.06 0.50 0.50 35.60 48.70
0 0 1 1 0 0 1 1 0.00 0 0 0 0 1 1 1 1 1 0 0.00 1 1 0 0
1 1 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 1 0.00 0 0 0 0

5 4.6 16.248 13.811 237.28 232.06
50 100 250000 2 5000

Standard in 
ug/L

Standard 
in ug/L

Strontium  
(.01mg/L)

Potassium  
(500ug/L) Selenium  (5ug/L) Silicon Sodium  (500ug/L) Zinc  (2ug/L) Titanium  (5ug/L)Tin  (5ug/L)Thallium  (1ug/L)

Vanadium  
(20ug/L)Silver  (1ug/L)
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date

Conductivity 
(1umhos/cm) pH  (.1units)

Chloride 
(.1mg/L)

Sulfate  
(.1mg/L)

Fluoride 
(.1mg/L)

Bromide  
(.1mg/L) Suflide (.1mg/L)

Alkalinity 
(20mg/L) 

Ammonia 
(.1mg/L)

Nitrate/ Nitrite  (.1-
2mg/L)

TDS  
(50mg/L)

TSS 
(.4mg/L)

Calculated 
Hardness

Total/Diss Total WAD Total Diss Total Diss Total Diss Total Diss Total Diss
Units umhos/cm pH units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Cyanide  (.005mg/L) Barium (3ug/L)
Beryllium  
(.4ug/L)

Aluminum 
(20ug/L) Antimony (1ug/L) Arsenic (5ug/L)

10/27/2005 3.45 24.8 0.048 0.05 56 0.074 0.0025 0.0025 0.11 96.3 42 84.85 1350 10.4 0.5 0.5 2.5 2.5 55.8 42 0.2 0.2
12/1/2005 2.85 24.2 0.041 0.05 65 0.05 0.0025 0.0025 0.103 83.8 127 94.40 2800 14.6 0.497 0.5 6.82 2.5 100 41.9 0.2 0.2

#DIV/0! #DIV/0! 3.15 24.50 0.04 #DIV/0! 0.05 60.50 0.06 0.00 0.00 0.11 90.05 84.50 89.62 2075.00 12.50 0.50 0.50 4.66 2.50 77.90 41.95 0.20 0.20
#DIV/0! #DIV/0! 0.42 0.42 0.00 #DIV/0! 0.00 6.36 0.02 0.00 0.00 0.00 8.84 60.10 6.75 1025.30 2.97 0.00 0.00 3.05 0.00 31.25 0.07 0.00 0.00

0 0 2 2 2 0 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2
0 0 2.85 24.2 0.041 0 0.05 56 0.05 0.0025 0.0025 0.103 83.8 42 84.85 1350 10.4 0.497 0.5 2.5 2.5 55.8 41.9 0.2 0.2
0 0 3.45 24.8 0.048 0 0.05 65 0.074 0.0025 0.0025 0.11 96.3 127 94.40 2800 14.6 0.5 0.5 6.82 2.5 100 42 0.2 0.2

#NUM! #NUM! 2.88 24.23 0.04 #NUM! 0.05 56.45 0.05 0.00 0.00 0.10 84.43 46.25 85.33 1422.50 10.61 0.50 0.50 2.72 2.50 58.01 41.91 0.20 0.20
0 0 0 0 0 0 2 0 1 2 2 0 0 0 0.00 0 0 1 2 1 2 0 0 2 2
0 0 0 0 2 0 0 0 1 0 0 0 0 0 0.00 0 2 1 0 0 0 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

10/26/2005 2.82 60.8 0.146 0.05 205 0.127 0.0025 0.0025 0.041 290 1.7 267.65 10 8.39 3.55 3.63 47.2 44.4 32.6 32.9 0.2 0.2
11/27/2005 2.85 56.8 0.104 0.05 202 0.0479 0.0025 0.0025 0.0425 279 0.7 263.81 10 21.1 4.08 3.11 44.7 45.6 31.1 32.3 0.248 0.2

#DIV/0! #DIV/0! 2.84 58.80 0.13 #DIV/0! 0.05 203.50 0.09 0.00 0.00 0.04 284.50 1.20 265.73 10.00 14.75 3.82 3.37 45.95 45.00 31.85 32.60 0.22 0.20
#DIV/0! #DIV/0! 0.02 2.83 0.03 #DIV/0! 0.00 2.12 0.06 0.00 0.00 0.00 7.78 0.71 2.71 0.00 8.99 0.37 0.37 1.77 0.85 1.06 0.42 0.03 0.00

0 0 2 2 2 0 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2
0 0 2.82 56.8 0.104 0 0.05 202 0.0479 0.0025 0.0025 0.041 279 0.7 263.81 10 8.39 3.55 3.11 44.7 44.4 31.1 32.3 0.2 0.2
0 0 2.85 60.8 0.146 0 0.05 205 0.127 0.0025 0.0025 0.0425 290 1.7 267.65 10 21.1 4.08 3.63 47.2 45.6 32.6 32.9 0.248 0.2

#NUM! #NUM! 2.82 57.00 0.11 #NUM! 0.05 202.15 0.05 0.00 0.00 0.04 279.55 0.75 264.01 10.00 9.03 3.58 3.14 44.83 44.46 31.18 32.33 0.20 0.20
0 0 0 0 0 0 2 0 0 2 2 0 0 0 0.00 2 0 0 0 0 0 0 0 1 2
0 0 0 0 0 0 0 0 1 0 0 2 0 0 0.00 0 1 0 0 0 0 0 0 1 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

3/17/2005 440 7.79 3.3 131 0.08 0.05 138 0.05 0.0025 0.0025 0.05 295 0.8 220.59 7.41 10 0.41 0.329 2.22 3.24 28 29.5 0.2 0.2
4/25/2005 430 7.7 3.39 96.5 0.083 0.05 142 0.05 0.0025 0.0025 0.5 266 3.7 234.93 14.6 10 0.41 0.426 4.25 3.1 27.2 29.5 0.2 0.2
12/1/2005 2.8 84.8 0.087 0.05 133 0.05 0.0025 0.0025 0.0385 235 15 210.51 283 7.95 0.589 0.5 3.36 4.11 27.7 23.6 0.2 0.2

435.00 7.75 3.16 104.10 0.08 #DIV/0! 0.05 137.67 0.05 0.00 0.00 0.20 265.33 6.50 222.01 101.67 9.32 0.47 0.42 3.28 3.48 27.63 27.53 0.20 0.20
7.07 0.06 0.32 24.02 0.00 #DIV/0! 0.00 4.51 0.00 0.00 0.00 0.26 30.01 7.50 12.27 157.08 1.18 0.10 0.09 1.02 0.55 0.40 3.41 0.00 0.00

2 2 3 3 3 0 3 3 3 3 3 3 3 3 3.00 3 3 3 3 3 3 3 3 3 3
430 7.7 2.8 84.8 0.08 0 0.05 133 0.05 0.0025 0.0025 0.0385 235 0.8 210.51 7.41 7.95 0.41 0.329 2.22 3.1 27.2 23.6 0.2 0.2
440 7.79 3.39 131 0.087 0 0.05 142 0.05 0.0025 0.0025 0.5 295 15 234.93 283 10 0.589 0.5 4.25 4.11 28 29.5 0.2 0.2

430.50 7.70 2.85 85.97 0.08 #NUM! 0.05 133.50 0.05 0.00 0.00 0.04 238.10 1.09 211.52 8.13 8.16 0.41 0.34 2.33 3.11 27.25 24.19 0.20 0.20
0 0 0 0 0 0 3 0 3 3 3 2 0 0 0.00 0 2 0 1 0 0 0 0 3 3
0 0 0 0 3 0 0 0 0 0 0 1 0 0 0.00 2 1 3 2 3 3 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

3/9/2005 270 7.28 2.67 57.6 0.061 0.05 78 0.085 0.006 0.003 0.09 153 159 137.07 3490 10 1.85 0.5 12.7 2.5 99.3 36.2 0.38 0.2
4/21/2005 270 7.1 2.65 60.3 0.053 0.05 88 0.079 0.0025 0.0025 0.5 166 582 150.20 16100 10 8.52 0.5 60.3 2.45 287 44.9 1.13 0.2

270.00 7.19 2.66 58.95 0.06 #DIV/0! 0.05 83.00 0.08 0.00 0.00 0.30 159.50 370.50 143.64 9795.00 10.00 5.19 0.50 36.50 2.48 193.15 40.55 0.76 0.20
0.00 0.13 0.01 1.91 0.01 #DIV/0! 0.00 7.07 0.00 0.00 0.00 0.29 9.19 299.11 9.29 8916.62 0.00 4.72 0.00 33.66 0.04 132.72 6.15 0.53 0.00

2 2 2 2 2 0 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2
270 7.1 2.65 57.6 0.053 0 0.05 78 0.079 0.0025 0.0025 0.09 153 159 137.07 3490 10 1.85 0.5 12.7 2.45 99.3 36.2 0.38 0.2
270 7.28 2.67 60.3 0.061 0 0.05 88 0.085 0.006 0.003 0.5 166 582 150.20 16100 10 8.52 0.5 60.3 2.5 287 44.9 1.13 0.2

270.00 7.11 2.65 57.74 0.05 #NUM! 0.05 78.50 0.08 0.00 0.00 0.11 153.65 180.15 137.73 4120.50 10.00 2.18 0.50 15.08 2.45 108.69 36.64 0.42 0.20
0 0 0 0 0 0 1 0 0 1 1 1 0 0 0.00 0 1 0 1 0 0 0 0 0 1
0 0 0 0 1 0 0 0 1 0 0 0 0 0 0.00 0 0 0 0 0 1 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

St. Deviation
# of values
Minimum

HMW-4B

HMW-5A

HMW-6B

HMW-6C

Chronic Aquatic Life Criteria
Drinking Water Standards

Mean
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

10/27/2005

12/1/2005

10/26/2005
11/27/2005

3/17/2005
4/25/2005
12/1/2005

3/9/2005
4/21/2005

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

St. Deviation
# of values
Minimum

HMW-4B

HMW-5A

HMW-6B

HMW-6C

Chronic Aquatic Life Criteria
Drinking Water Standards

Mean

DEC FW 
Chronic-
Cadmium

DEC FW 
Chronic-
Copper

DEC 
Chronic-

Lead
Mercury 
(1ng/L)

DEC 
Chronic-

Nickel
Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Total Diss Total Diss Total Diss
ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L mg/L mg/L ug/L ug/L ng/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Standard 
in ug/L

Phosphorus  
(30ug/L)Calcium (2mg/L)Cadmium  (.1ug/L) Nickel  (2ug/L)

Molybdenum  
(10ug/L)Chromium  (1ug/L) Iron  (.04mg/L) Lead  (.2ug/L)

Magnesium  
(.2mg/L) Manganese  (1ug/L)Cobalt  (4ug/L) Copper  (1ug/L)

Standard in 
ug/L

0.25 0.25 0.22 27.1 27.2 0.5 0.5 2 2 1.57 0.5 7.78 1.75 0.02 1.92 0.1 2.10 4.16 4.03 20.7 0.913 5 5 2.05 0.958 45.26 100 100
1.34 0.347 0.24 28.8 29.6 1.56 0.5 1.89 2 7.07 0.5 8.53 6.03 0.02 5.73 0.1 2.36 5.45 5.39 127 1.54 5 5 11.6 1.41 49.53 91.3 63.8

0.80 0.30 0.23 27.95 28.40 1.03 0.50 1.95 2.00 4.32 0.50 8.15 3.89 0.02 3.83 0.10 2.23 4.81 4.71 73.85 1.23 #DIV/0! 5.00 5.00 6.83 1.18 47.39 95.65 81.90
0.77 0.07 0.01 1.20 1.70 0.75 0.00 0.08 0.00 3.89 0.00 0.53 3.03 0.00 2.69 0.00 0.18 0.91 0.96 75.17 0.44 #DIV/0! 0.00 0.00 6.75 0.32 3.02 6.15 25.60

2 2 2.00 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2.00 2 2 2 2 0 2 2 2 2 2.00 2 2
0.25 0.25 0.22 27.1 27.2 0.5 0.5 1.89 2 1.57 0.5 7.78 1.75 0.02 1.92 0.1 2.10 4.16 4.03 20.7 0.913 0 5 5 2.05 0.958 45.26 91.3 63.8
1.34 0.347 0.24 28.8 29.6 1.56 0.5 2 2 7.07 0.5 8.53 6.03 0.02 5.73 0.1 2.36 5.45 5.39 127 1.54 0 5 5 11.6 1.41 49.53 100 100
0.30 0.25 0.22 27.19 27.32 0.55 0.50 1.90 2.00 1.85 0.50 7.82 1.96 0.02 2.11 0.10 2.12 4.22 4.10 26.02 0.94 #NUM! 5.00 5.00 2.53 0.98 45.47 91.74 65.61

1 1 0 0 1 2 1 2 0 2 0.00 0 2 0 2 0.00 0 0 0 0 0 2 2 0 0 0.00 1 1
0 1 0 0 0 0 1 0 0 0 0.00 0 0 0 0 0.00 0 0 0 1 0 0 0 0 2 0.00 1 1

0.2406 0.22031 11 8.14585 7.82001 1 1 2.6 2.1164 770 45.609 45.473
5 100 1000 0.3 50 2000 100

0.25 0.25 0.49 70.4 70.5 0.5 0.5 2 2 0.381 0.5 20.77 1.01 0.946 0.1 0.1 7.21 22.3 22.3 104 98.2 11.8 11.9 13.3 12.4 119.61 100 100
0.25 0.178 0.48 68.7 69.3 0.5 0.5 2 2 0.5 0.421 20.52 1.04 1.04 0.1 0.1 7.11 22.4 22.5 87.8 86.8 12.8 13.3 11.5 11.7 118.16 100 100

0.25 0.21 0.48 69.55 69.90 0.50 0.50 2.00 2.00 0.44 0.46 20.64 1.03 0.99 0.10 0.10 7.16 22.35 22.40 95.90 92.50 #DIV/0! 12.30 12.60 12.40 12.05 118.89 100.00 100.00
0.00 0.05 0.00 1.20 0.85 0.00 0.00 0.00 0.00 0.08 0.06 0.18 0.02 0.07 0.00 0.00 0.08 0.07 0.14 11.46 8.06 #DIV/0! 0.71 0.99 1.27 0.49 1.03 0.00 0.00

2 2 2.00 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2.00 2 2 2 2 0 2 2 2 2 2.00 2 2
0.25 0.178 0.48 68.7 69.3 0.5 0.5 2 2 0.381 0.421 20.52 1.01 0.946 0.1 0.1 7.11 22.3 22.3 87.8 86.8 0 11.8 11.9 11.5 11.7 118.16 100 100
0.25 0.25 0.49 70.4 70.5 0.5 0.5 2 2 0.5 0.5 20.77 1.04 1.04 0.1 0.1 7.21 22.4 22.5 104 98.2 0 12.8 13.3 13.3 12.4 119.61 100 100
0.25 0.18 0.48 68.79 69.36 0.50 0.50 2.00 2.00 0.39 0.42 20.53 1.01 0.95 0.10 0.10 7.11 22.31 22.31 88.61 87.37 #NUM! 11.85 11.97 11.59 11.74 118.23 100.00 100.00

2 1 0 0 2 2 2 2 1 1 0.00 0 0 2 2 0.00 0 0 0 0 0 0 0 0 0 0.00 2 2
0 1 0 0 0 0 0 0 1 1 0.00 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0.00 0 0

0.5556 0.48245 11 21.3845 20.5291 1 1 10.95 7.1116 770 118.59 118.23
5 100 1000 0.3 50 2000 100

0.25 0.25 0.43 49.6 51.1 1.66 1.32 2 2 0.656 0.5 17.61 0.485 0.457 0.1 0.1 5.89 23.5 23.8 62.9 71.2 5 5 1.17 1.95 101.56 100 100
0.25 0.25 0.44 53.2 51.8 0.5 0.5 2 2 0.945 0.952 18.58 0.559 0.485 0.238 0.1 6.29 24.8 23.6 67.8 70 5 5 1.47 1.58 107.12 100 100
0.25 0.187 0.41 48.2 49.4 1.13 0.5 2 2 1.06 0.5 16.92 1.28 0.499 0.527 0.1 5.60 21.9 22.7 85.5 61.6 5 5 2.86 1.4 97.62 100 100

0.25 0.23 0.43 50.33 50.77 1.10 0.77 2.00 2.00 0.89 0.65 17.70 0.77 0.48 0.29 0.10 5.93 23.40 23.37 72.07 67.60 #DIV/0! 5.00 5.00 1.83 1.64 102.10 100.00 100.00
0.00 0.04 0.02 2.58 1.23 0.58 0.47 0.00 0.00 0.21 0.26 0.84 0.44 0.02 0.22 0.00 0.35 1.45 0.59 11.89 5.23 #DIV/0! 0.00 0.00 0.90 0.28 4.77 0.00 0.00

3 3 3.00 3 3 3 3 3 3 3 3 3.00 3 3 3 3 3.00 3 3 3 3 0 3 3 3 3 3.00 3 3
0.25 0.187 0.41 48.2 49.4 0.5 0.5 2 2 0.656 0.5 16.92 0.485 0.457 0.1 0.1 5.60 21.9 22.7 62.9 61.6 0 5 5 1.17 1.4 97.62 100 100
0.25 0.25 0.44 53.2 51.8 1.66 1.32 2 2 1.06 0.952 18.58 1.28 0.499 0.527 0.1 6.29 24.8 23.8 85.5 71.2 0 5 5 2.86 1.95 107.12 100 100
0.25 0.19 0.41 48.34 49.57 0.56 0.50 2.00 2.00 0.68 0.50 16.99 0.49 0.46 0.11 0.10 5.63 22.06 22.79 63.39 62.44 #NUM! 5.00 5.00 1.20 1.42 98.02 100.00 100.00

3 2 0 0 1 2 3 3 0 2 0.00 0 0 1 3 0.00 0 0 0 0 0 3 3 0 0 0.00 3 3
0 1 0 0 0 0 0 0 2 1 0.00 0 0 0 0 0.00 0 0 0 0 0 0 0 2 3 0.00 0 0

0.4714 0.41375 11 17.6945 16.9867 1 1 8.257 5.6298 770 98.311 98.017
5 100 1000 0.3 50 2000 100

1.12 0.25 0.31 35.1 35.5 3.76 0.5 9.93 2 44.3 0.53 11.73 27.9 0.283 5.7 0.1 3.54 12 11.2 900 157 3.75 5 113 4.46 67.91 208 100
7.5 0.25 0.33 36.9 36 15.1 0.5 48.7 2 239 0.5 12.68 80.2 0.255 21.5 0.069 3.91 14.1 11.3 4300 160 20.2 13.6 5 632 4.69 73.37 1010 100

4.31 0.25 0.32 36.00 35.75 9.43 0.50 29.32 2.00 141.65 0.52 12.20 54.05 0.27 13.60 0.08 3.72 13.05 11.25 2600.00 158.50 20.20 8.68 5.00 372.50 4.58 70.64 609.00 100.00
4.51 0.00 0.01 1.27 0.35 8.02 0.00 27.41 0.00 137.67 0.02 0.67 36.98 0.02 11.17 0.02 0.26 1.48 0.07 2404.16 2.12 #DIV/0! 6.97 0.00 366.99 0.16 3.86 567.10 0.00

2 2 2.00 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2.00 2 2 2 2 1 2 2 2 2 2.00 2 2
1.12 0.25 0.31 35.1 35.5 3.76 0.5 9.93 2 44.3 0.5 11.73 27.9 0.255 5.7 0.069 3.54 12 11.2 900 157 20.2 3.75 5 113 4.46 67.91 208 100
7.5 0.25 0.33 36.9 36 15.1 0.5 48.7 2 239 0.53 12.68 80.2 0.283 21.5 0.1 3.91 14.1 11.3 4300 160 20.2 13.6 5 632 4.69 73.37 1010 100
1.44 0.25 0.31 35.19 35.53 4.33 0.50 11.87 2.00 54.04 0.50 11.77 30.52 0.26 6.49 0.07 3.56 12.11 11.21 1070.00 157.15 20.20 4.24 5.00 138.95 4.47 68.18 248.10 100.00

0 1 0 0 0 1 0 1 0 1 0.00 0 0 0 0 0.00 0 0 0 0 0 0 1 0 0 0.00 0 1
0 0 0 0 0 0 0 0 0 0 0.00 0 0 0 1 0.00 0 0 0 0 0 1 0 0 0 0.00 0 0

0.3431 0.30724 11 12.2637 11.7731 1 1 4.782 3.55956 770 68.387 68.182
5 100 1000 0.3 50 2000 100
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

10/27/2005

12/1/2005

10/26/2005
11/27/2005

3/17/2005
4/25/2005
12/1/2005

3/9/2005
4/21/2005

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

Mean
St. Deviation

Maximum
Lowest fifth percentile
# of values undetected

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

St. Deviation
# of values
Minimum

HMW-4B

HMW-5A

HMW-6B

HMW-6C

Chronic Aquatic Life Criteria
Drinking Water Standards

Mean

DEC FW 
Acute-Silver

DEC FW 
Acute-Zinc

Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Strontium  
(.01mg/L)

Potassium  
(500ug/L) Selenium  (5ug/L) Silicon Sodium  (500ug/L) Zinc  (2ug/L) Titanium  (5ug/L)Tin  (5ug/L)Thallium  (1ug/L)

Vanadium  
(20ug/L)Silver  (1ug/L)

364 254 2.5 2.5 2290 5930 0.5 0.5 2.60 2860 2310 0.129 0.123 0.5 0.5 10 6.4 52 27.3 101.95 0.5 0.5 28.8 20.7

410 188 2.5 2.5 2010 9620 0.5 0.5 3.12 2430 2280 0.125 0.125 0.5 0.5 10 10 40.2 27.8 111.60 1.48 0.5 59 25.6

387.00 221.00 2.50 2.50 2150.00 7775.00 0.50 0.50 2.86 2645.00 2295.00 0.13 0.12 0.50 0.50 10.00 8.20 46.10 27.55 106.77 0.99 0.50 43.90 23.15
32.53 46.67 0.00 0.00 197.99 2609.22 0.00 0.00 0.37 304.06 21.21 0.00 0.00 0.00 0.00 0.00 2.55 8.34 0.35 6.82 0.69 0.00 21.35 3.46

2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2 2.00 2 2 2 2
364 188 2.5 2.5 2010 5930 0.5 0.5 2.60 2430 2280 0.125 0.123 0.5 0.5 10 6.4 40.2 27.3 101.95 0.5 0.5 28.8 20.7
410 254 2.5 2.5 2290 9620 0.5 0.5 3.12 2860 2310 0.129 0.125 0.5 0.5 10 10 52 27.8 111.60 1.48 0.5 59 25.6

366.30 191.30 2.50 2.50 2024.00 6114.50 0.50 0.50 2.63 2451.50 2281.50 0.13 0.12 0.50 0.50 10.00 6.58 40.79 27.33 102.43 0.55 0.50 30.31 20.95
0 0 2 2 0 0 2 2 0.00 0 0 0 0 2 2 2 1 0 0 0.00 1 2 0 0
2 2 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 1 0 0 0.00 0 0 0 0

5 4.6 3.0892 2.6259 104.74 102.44
50 100 250000 2 5000

561 496 2.5 2.5 3940 3890 0.5 0.5 18.76 3420 3390 0.455 0.445 0.5 0.5 10 7.26 2.55 3.51 269.86 0.5 0.5 94.9 89.4
500 470 2.5 2.5 3880 3820 0.5 0.5 18.30 3360 3170 0.442 0.442 0.5 0.5 10 10 2.5 3.1 266.58 0.5 0.5 40.4 59.1

530.50 483.00 2.50 2.50 3910.00 3855.00 0.50 0.50 18.53 3390.00 3280.00 0.45 0.44 0.50 0.50 10.00 8.63 2.53 3.31 268.22 0.50 0.50 67.65 74.25
43.13 18.38 0.00 0.00 42.43 49.50 0.00 0.00 0.33 42.43 155.56 0.01 0.00 0.00 0.00 0.00 1.94 0.04 0.29 2.32 0.00 0.00 38.54 21.43

2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2 2.00 2 2 2 2
500 470 2.5 2.5 3880 3820 0.5 0.5 18.30 3360 3170 0.442 0.442 0.5 0.5 10 7.26 2.5 3.1 266.58 0.5 0.5 40.4 59.1
561 496 2.5 2.5 3940 3890 0.5 0.5 18.76 3420 3390 0.455 0.445 0.5 0.5 10 10 2.55 3.51 269.86 0.5 0.5 94.9 89.4

503.05 471.30 2.50 2.50 3883.00 3823.50 0.50 0.50 18.32 3363.00 3181.00 0.44 0.44 0.50 0.50 10.00 7.40 2.50 3.12 266.74 0.50 0.50 43.13 60.62
0 0 2 2 0 0 2 2 0.00 0 0 0 0 2 2 2 1 1 0 0.00 2 2 0 0
0 2 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 1 1 2 0.00 0 0 0 0

5 4.6 21.556 18.323 272.74 266.74
50 100 250000 2 5000

304 319 2.5 2.5 2940 3190 0.5 0.5 13.45 6210 6680 0.527 0.537 0.5 0.5 10 10 2.5 3.32 229.07 0.5 0.5 33.8 40.7
364 382 2.5 2.5 3100 2650 0.5 0.5 14.99 6650 6930 0.569 0.549 0.5 0.5 10 10 2.5 2.5 241.63 0.5 0.5 77.1 56.9
349 274 2.5 2.5 3140 4280 0.5 0.5 12.41 5910 5110 0.489 0.484 0.5 0.5 10 10 1.62 1.53 220.17 0.5 0.5 66.2 38.9

339.00 325.00 2.50 2.50 3060.00 3373.33 0.50 0.50 13.62 6256.67 6240.00 0.53 0.52 0.50 0.50 10.00 10.00 2.21 2.45 230.29 0.50 0.50 59.03 45.50
31.22 54.25 0.00 0.00 105.83 830.32 0.00 0.00 1.30 372.20 986.56 0.04 0.03 0.00 0.00 0.00 0.00 0.51 0.90 10.78 0.00 0.00 22.52 9.91

3 3 3 3 3 3 3 3 3.00 3 3 3 3 3 3 3 3 3 3 3.00 3 3 3 3
304 274 2.5 2.5 2940 2650 0.5 0.5 12.41 5910 5110 0.489 0.484 0.5 0.5 10 10 1.62 1.53 220.17 0.5 0.5 33.8 38.9
364 382 2.5 2.5 3140 4280 0.5 0.5 14.99 6650 6930 0.569 0.549 0.5 0.5 10 10 2.5 3.32 241.63 0.5 0.5 77.1 56.9

308.50 278.50 2.50 2.50 2956.00 2704.00 0.50 0.50 12.52 5940.00 5267.00 0.49 0.49 0.50 0.50 10.00 10.00 1.71 1.63 221.06 0.50 0.50 37.04 39.08
0 0 3 3 0 0 3 3 0.00 0 0 0 0 3 3 3 3 2 1 0.00 3 3 0 0
3 3 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 1 2 0.00 0 0 0 0

5 4.6 14.723 12.514 226.04 221.06
50 100 250000 2 5000

869 366 2.5 2.5 5470 0.364 0.5 5.93 3750 3280 0.168 0.164 0.5 0.5 10 10 96.1 2.58 153.07 0.411 0.5 48.7 33.1
1490 366 5 2.5 2010 14600 1.86 0.5 6.95 4910 3370 0.179 0.164 10 0.5 19.6 10 512 2.06 165.41 1 0.5 83.8 31

1179.50 366.00 3.75 2.50 2010.00 10035.00 1.11 0.50 6.44 4330.00 3325.00 0.17 0.16 5.25 0.50 14.80 10.00 304.05 2.32 159.24 0.71 0.50 66.25 32.05
439.11 0.00 1.77 0.00 #DIV/0! 6455.88 1.06 0.00 0.72 820.24 63.64 0.01 0.00 6.72 0.00 6.79 0.00 294.09 0.37 8.72 0.42 0.00 24.82 1.48

2 2 2 2 1 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2 2.00 2 2 2 2
869 366 2.5 2.5 2010 5470 0.364 0.5 5.93 3750 3280 0.168 0.164 0.5 0.5 10 10 96.1 2.06 153.07 0.411 0.5 48.7 31
1490 366 5 2.5 2010 14600 1.86 0.5 6.95 4910 3370 0.179 0.164 10 0.5 19.6 10 512 2.58 165.41 1 0.5 83.8 33.1

900.05 366.00 2.63 2.50 2010.00 5926.50 0.44 0.50 5.98 3808.00 3284.50 0.17 0.16 0.98 0.50 10.48 10.00 116.90 2.09 153.69 0.44 0.50 50.46 31.11
0 0 1 1 0 0 0 1 0.00 0 0 0 0 1 1 0 1 0 0 0.00 1 1 0 0
0 1 0 0 0 0 1 0 0.00 0 0 0 0 0 0 1 0 0 1 0.00 0 0 0 0

5 4.6 7.039 5.9831 157.15 153.69
50 100 250000 2 5000
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date

Conductivity 
(1umhos/cm) pH  (.1units)

Chloride 
(.1mg/L)

Sulfate  
(.1mg/L)

Fluoride 
(.1mg/L)

Bromide  
(.1mg/L) Suflide (.1mg/L)

Alkalinity 
(20mg/L) 

Ammonia 
(.1mg/L)

Nitrate/ Nitrite  (.1-
2mg/L)

TDS  
(50mg/L)

TSS 
(.4mg/L)

Calculated 
Hardness

Total/Diss Total WAD Total Diss Total Diss Total Diss Total Diss Total Diss
Units umhos/cm pH units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Cyanide  (.005mg/L) Barium (3ug/L)
Beryllium  
(.4ug/L)

Aluminum 
(20ug/L) Antimony (1ug/L) Arsenic (5ug/L)

10/26/2005 3.19 57.5 0.091 0.05 90 0.087 0.0025 0.0025 0.08 173 2.5 150.32 34.4 12.3 0.5 0.5 2.5 2.5 36.4 34.9 0.2 0.2
12/5/2005 3.25 37.2 0.052 0.05 94 0.0025 0.0025 0.0505 141 16.9 126.95 433 9.11 0.5 0.5 2.5 2.5 46.4 33.9 0.2 0.2

#DIV/0! #DIV/0! 3.22 47.35 0.07 #DIV/0! 0.05 92.00 0.09 0.00 0.00 0.07 157.00 9.70 138.63 233.70 10.71 0.50 0.50 2.50 2.50 41.40 34.40 0.20 0.20
#DIV/0! #DIV/0! 0.04 14.35 0.03 #DIV/0! 0.00 2.83 #DIV/0! 0.00 0.00 0.02 22.63 10.18 16.53 281.85 2.26 0.00 0.00 0.00 0.00 7.07 0.71 0.00 0.00

0 0 2 2 2 0 2 2 1 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2
0 0 3.19 37.2 0.052 0 0.05 90 0.087 0.0025 0.0025 0.0505 141 2.5 126.95 34.4 9.11 0.5 0.5 2.5 2.5 36.4 33.9 0.2 0.2
0 0 3.25 57.5 0.091 0 0.05 94 0.087 0.0025 0.0025 0.08 173 16.9 150.32 433 12.3 0.5 0.5 2.5 2.5 46.4 34.9 0.2 0.2

#NUM! #NUM! 3.19 38.22 0.05 #NUM! 0.05 90.20 0.09 0.00 0.00 0.05 142.60 3.22 128.11 54.33 9.27 0.50 0.50 2.50 2.50 36.90 33.95 0.20 0.20
0 0 0 0 0 0 1 0 0 1 1 0 0 0 0.00 0 0 1 1 1 1 0 0 1 1
0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

5/24/2005 650 7.3 2.87 95.6 0.102 0.05 229 0.05 0.0025 0.0025 0.06 358 3 334.90 10 10 3.82 5.73 86 79.3 16.6 15.9 0.2 0.2

650.00 7.30 2.87 95.60 0.10 #DIV/0! 0.05 229.00 0.05 0.00 0.00 0.06 358.00 3.00 334.90 10.00 10.00 3.82 5.73 86.00 79.30 16.60 15.90 0.20 0.20
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

1 1 1 1 1 0 1 1 1 1 1 1 1 1 1.00 1 1 1 1 1 1 1 1 1 1
650 7.3 2.87 95.6 0.102 0 0.05 229 0.05 0.0025 0.0025 0.06 358 3 334.90 10 10 3.82 5.73 86 79.3 16.6 15.9 0.2 0.2
650 7.3 2.87 95.6 0.102 0 0.05 229 0.05 0.0025 0.0025 0.06 358 3 334.90 10 10 3.82 5.73 86 79.3 16.6 15.9 0.2 0.2

650.00 7.30 2.87 95.60 0.10 #NUM! 0.05 229.00 0.05 0.00 0.00 0.06 358.00 3.00 334.90 10.00 10.00 3.82 5.73 86.00 79.30 16.60 15.90 0.20 0.20
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0

230 >20 NA 0.0052 87 150
>6.5 and <8.5 250 250 4 NA 0.2 10 500 6 10 2000 4

Notes:  Cyanide drinking water standard is for free cyanide.  For hardness dependent criteria if the hardness exceeded 400 a value of 400 was used to calculate the criteria.

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

Mean
St. Deviation

Chronic Aquatic Life Criteria
Drinking Water Standards

HMW-6D

CW1-1
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

10/26/2005

12/5/2005

5/24/2005

Notes:  Cyanide drinking water standard is

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

Mean
St. Deviation

Chronic Aquatic Life Criteria
Drinking Water Standards

HMW-6D

CW1-1

DEC FW 
Chronic-
Cadmium

DEC FW 
Chronic-
Copper

DEC 
Chronic-

Lead
Mercury 
(1ng/L)

DEC 
Chronic-

Nickel
Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Total Diss Total Diss Total Diss
ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L mg/L mg/L ug/L ug/L ng/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Standard 
in ug/L

Phosphorus  
(30ug/L)Calcium (2mg/L)Cadmium  (.1ug/L) Nickel  (2ug/L)

Molybdenum  
(10ug/L)Chromium  (1ug/L) Iron  (.04mg/L) Lead  (.2ug/L)

Magnesium  
(.2mg/L) Manganese  (1ug/L)Cobalt  (4ug/L) Copper  (1ug/L)

Standard in 
ug/L

0.25 0.25 0.33 42.7 42.3 0.5 0.5 2 2 0.65 0.5 12.69 0.301 0.129 0.1 0.1 3.91 10.6 10.6 50.3 47.2 5 5 5.11 4.92 73.42 100 100
0.681 0.25 0.29 37.1 40.3 1.04 0.5 0 2 2.87 0.5 10.98 1.36 0.0888 0.875 0.088 3.26 8.32 9.04 144 121 5 5 7.34 4.21 63.64 100 100

0.47 0.25 0.31 39.90 41.30 0.77 0.50 1.00 2.00 1.76 0.50 11.83 0.83 0.11 0.49 0.09 3.59 9.46 9.82 97.15 84.10 #DIV/0! 5.00 5.00 6.23 4.57 68.53 100.00 100.00
0.30 0.00 0.03 3.96 1.41 0.38 0.00 1.41 0.00 1.57 0.00 1.21 0.75 0.03 0.55 0.01 0.46 1.61 1.10 66.26 52.18 #DIV/0! 0.00 0.00 1.58 0.50 6.92 0.00 0.00

2 2 2.00 2 2 2 2 2 2 2 2 2.00 2 2 2 2 2.00 2 2 2 2 0 2 2 2 2 2.00 2 2
0.25 0.25 0.29 37.1 40.3 0.5 0.5 0 2 0.65 0.5 10.98 0.301 0.0888 0.1 0.088 3.26 8.32 9.04 50.3 47.2 0 5 5 5.11 4.21 63.64 100 100
0.681 0.25 0.33 42.7 42.3 1.04 0.5 2 2 2.87 0.5 12.69 1.36 0.129 0.875 0.1 3.91 10.6 10.6 144 121 0 5 5 7.34 4.92 73.42 100 100
0.27 0.25 0.29 37.38 40.40 0.53 0.50 0.10 2.00 0.76 0.50 11.07 0.35 0.09 0.14 0.09 3.29 8.43 9.12 54.99 50.89 #NUM! 5.00 5.00 5.22 4.25 64.13 100.00 100.00

0 1 0 0 0 1 0 1 0 1 0.00 0 0 0 0 0.00 0 0 0 0 0 1 1 0 0 0.00 1 1
0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0.3251 0.29219 11 11.5285 11.0673 1 1 4.361 3.29234 770 64.326 64.133
5 100 1000 0.3 50 2000 100

0.492 0.245 0.57 80.2 78.4 0.5 2.8 1.42 1.43 9.04 0.666 25.16 1.97 1.86 0.073 0.1 9.11 32.7 32 156 149 6.93 6.76 19.5 18 144.59 100 100

0.49 0.25 0.57 80.20 78.40 0.50 2.80 1.42 1.43 9.04 0.67 25.16 1.97 1.86 0.07 0.10 9.11 32.70 32.00 156.00 149.00 #DIV/0! 6.93 6.76 19.50 18.00 144.59 100.00 100.00
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! ##### #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

1 1 1.00 1 1 1 1 1 1 1 1 1.00 1 1 1 1 1.00 1 1 1 1 0 1 1 1 1 1.00 1 1
0.492 0.245 0.57 80.2 78.4 0.5 2.8 1.42 1.43 9.04 0.666 25.16 1.97 1.86 0.073 0.1 9.11 32.7 32 156 149 0 6.93 6.76 19.5 18 144.59 100 100
0.492 0.245 0.57 80.2 78.4 0.5 2.8 1.42 1.43 9.04 0.666 25.16 1.97 1.86 0.073 0.1 9.11 32.7 32 156 149 0 6.93 6.76 19.5 18 144.59 100 100
0.49 0.25 0.57 80.20 78.40 0.50 2.80 1.42 1.43 9.04 0.67 25.16 1.97 1.86 0.07 0.10 9.11 32.70 32.00 156.00 149.00 #NUM! 6.93 6.76 19.50 18.00 144.59 100.00 100.00

0 0 0 0 0 0 0 0 0 0 0.00 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0.00 0 0
0 0 0 0 0 0 0 0 0 0 0.00 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0.00 0 0

0.6626 0.56882 11 26.204 25.1558 1 1 14.82 9.11279 770 145.02 144.59
5 100 1000 0.3 50 2000 100
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Big Hurrah Groundwater Database

Station/sample id# 
and PQL Date
Total/Diss

Units

10/26/2005

12/5/2005

5/24/2005

Notes:  Cyanide drinking water standard is

Mean
St. Deviation
# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

# of values between MDL and PQL
Chronic Aquatic Life Criteria

Drinking Water Standards

# of values between MDL and PQL

# of values
Minimum
Maximum

Lowest fifth percentile
# of values undetected

Mean
St. Deviation

Chronic Aquatic Life Criteria
Drinking Water Standards

HMW-6D

CW1-1

DEC FW 
Acute-Silver

DEC FW 
Acute-Zinc

Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss Total Diss
ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Standard in 
ug/L

Standard 
in ug/L

Strontium  
(.01mg/L)

Potassium  
(500ug/L) Selenium  (5ug/L) Silicon Sodium  (500ug/L) Zinc  (2ug/L) Titanium  (5ug/L)Tin  (5ug/L)Thallium  (1ug/L)

Vanadium  
(20ug/L)Silver  (1ug/L)

527 500 2.5 2.5 2260 2420 0.5 0.5 6.95 3250 3110 0.192 0.187 0.5 0.5 10 10 6.41 7.54 165.51 0.5 0.5 57.1 51.8

471 359 2.5 2.5 2290 2910 0.5 0.5 5.20 2990 3080 0.168 0.171 0.5 0.5 10 10 8.65 3.85 143.43 0.625 0.5 50.1 35.4

499.00 429.50 2.50 2.50 2275.00 2665.00 0.50 0.50 6.08 3120.00 3095.00 0.18 0.18 0.50 0.50 10.00 10.00 7.53 5.70 154.47 0.56 0.50 53.60 43.60
39.60 99.70 0.00 0.00 21.21 346.48 0.00 0.00 1.24 183.85 21.21 0.02 0.01 0.00 0.00 0.00 0.00 1.58 2.61 15.61 0.09 0.00 4.95 11.60

2 2 2 2 2 2 2 2 2.00 2 2 2 2 2 2 2 2 2 2 2.00 2 2 2 2
471 359 2.5 2.5 2260 2420 0.5 0.5 5.20 2990 3080 0.168 0.171 0.5 0.5 10 10 6.41 3.85 143.43 0.5 0.5 50.1 35.4
527 500 2.5 2.5 2290 2910 0.5 0.5 6.95 3250 3110 0.192 0.187 0.5 0.5 10 10 8.65 7.54 165.51 0.625 0.5 57.1 51.8

473.80 366.05 2.50 2.50 2261.50 2444.50 0.50 0.50 5.29 3003.00 3081.50 0.17 0.17 0.50 0.50 10.00 10.00 6.52 4.03 144.54 0.51 0.50 50.45 36.22
0 0 1 1 0 0 1 1 0.00 0 0 0 0 1 1 1 1 0 0 0.00 0 1 0 0
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

5 4.6 6.2153 5.283 147.8 144.55
50 100 250000 2 5000

848 868 2.5 2.5 0.5 0.5 27.58 3540 3470 0.839 0.819 0.5 0.5 10 10 246 241 326.30 0.5 0.5 60.9 84.9

848.00 868.00 2.50 2.50 #DIV/0! #DIV/0! 0.50 0.50 27.58 3540.00 3470.00 0.84 0.82 0.50 0.50 10.00 10.00 246.00 241.00 326.30 0.50 0.50 60.90 84.90
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

1 1 1 1 0 0 1 1 1.00 1 1 1 1 1 1 1 1 1 1 1.00 1 1 1 1
848 868 2.5 2.5 0 0 0.5 0.5 27.58 3540 3470 0.839 0.819 0.5 0.5 10 10 246 241 326.30 0.5 0.5 60.9 84.9
848 868 2.5 2.5 0 0 0.5 0.5 27.58 3540 3470 0.839 0.819 0.5 0.5 10 10 246 241 326.30 0.5 0.5 60.9 84.9

848.00 868.00 2.50 2.50 #NUM! #NUM! 0.50 0.50 27.58 3540.00 3470.00 0.84 0.82 0.50 0.50 10.00 10.00 246.00 241.00 326.30 0.50 0.50 60.90 84.90
0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0 0.00 0 0 0 0
0 0 0 0 0 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0 0.00 0 0 0 0

5 4.6 32.452 27.585 333.64 326.3
50 100 250000 2 5000
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DIVISION OF MINING, LAND & WATER    

 WATER RESOURCES SECTION 
 

 
550 West 7th Ave., Suite 900A  
Anchorage, AK 99501-3577 
907-269-8503 
Fax: 269-8947 

 400 Willoughby, 4th Floor 
Juneau, AK 99801 
907-465-3400 
Fax: 586-2954 

Office Use Only 
Date/Time Stamp 
 
 
 
 
 

Office Use Only  
TWUP/LAS # 

Office Use Only CID# Office Use Only  
 Receipt Type           WR 

 

 
APPLICATION FOR TEMPORARY WATER USE PERMIT 

 
Instructions 
• Complete one application for each project - Incomplete applications will not be accepted 
• Attach map indicating water withdrawal point(s), location(s) of water use, and point(s) of return flow - Map must 
 identify meridian, township, range, and section 
 Attach sketch, photos, and / or plans of water system, and driller's well log, if applicable 
 Attach completed Coastal Project Questionnaire, if applicable (see page 3) 
 Submit filing fee - Non-refundable (see page 3) 

 
Project Name:  Rock Creek Mine/Mill Complex 
 
Alaska Gold Company Bristol Environmental & Engineering Services Corporation  
 Charlotte MacCay (agent) 
 111 W. 16th Avenue, Suite 301, Anchorage, Alaska 99501  
 907 743-9366  e-mail   cmaccay@bristol-companies.com 
Business Name  Contact Person 
 
P.O. Box 640,  Nome  Alaska  99762 
Mailing Address City State Zip Code 
 
907 443-5272    
Phone Number Fax Number             E-mail Address 
 
Legal Descriptions 

Location of Water Use - It is applicant's responsibility to obtain and maintain  legal occupancy 
Identifiable Landmarks (e.g. milepost, subdivision) Meridian  Township Range Section  Quarter Sections 

Rock Creek  West Kateel 
River 

10 S 34 W 14, 23  
¼

     
¼

Location of Water Source - It is applicant's responsibility to obtain and maintain legal access 
Geographic Name of Water Body or Well Depth Meridian Township Range Section Quarter Sections 

Interception Wells Surrounding the Rock Creek Mine Pit West Kateel 
River 

10 S 34 W 14, 23 
¼

     

¼ ¼
Location of Water Return Flow or Discharge, if applicable 

Geographic Name of Water Body or Well Depth  Meridian  Township Range Section Quarter Sections 
Infiltration GalleryRock Creek Alluvium/Injection Wells, 
Lindblom Creek Valley and Rock Creek Valley 

West Kateel 
River 

10 S 34 W 14, 15, 22, 
23 ¼ ¼

     

¼ ¼
Attach page if needed

 
January 2000  
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Purpose of Water use Water  Quantity of Water Season Calculations 
 Less than 5,000 gal/day Summer 2006  Show how quantity 
  (may be renewed) was determined 
 Maximum Total Daily Date Work *Date All  
 Withdrawal Amount Will Start Work Will be Hours/day:  24 Hrs/Day 
 Rate   Completed (as needed) 
Mine Dewatering via Interceptor 
Wells  

650 GPM 1.0 MGD September 
2006 

August 2011 Days/week .  7 days/wk 
(as needed) 

      
   *You may want to use the Period. Year Round 

(as needed) 
   end of the construction  
                                  Total Amount 650 GPM 1.0 MGD season for your ending  

   date  
 

 
Method of Taking Water 
PUMP  Pump intake    inches  Hours working      24 hrs.  (as needed)   hours/day 
 Pump output    650  GPM  Length of pipe feet (from pump to point of use) 
Gravity Pipe diameter________ inches  Length of pipe feet (take point to use point 

 Head_______feet     
Ditch  L_______H ---- W --- feet  Diversion____________________GPM or CFS 
Reservoir L H ------ W feet   Water storage ________________AF 
Dam L ------ H ------ W ------ feet  Water storage ________________AF 
 

 
Project Description 
What alternative water sources are available to your project should a portion of your requested diversion be excluded because of 
water shortage or public interest concerns? 
 
None- purpose is to prevent groundwater from filling the mine pit. 
Are there any surface water bodies or water wells at or near your site(s) that could be affected by the proposed activity? If yes, list 
any ground water monitoring programs going on at or near the sites, any water shortages or water quality problems in the area, 
and any information about the water table, if known. 
 
Yes – there will be a decrease in the flow to Rock Creek which is substantially fed by groundwater.  There are no downstream 
users. 
Briefly describe the type and size of equipment used to withdraw and transport water, including the amount of water the equipment 
uses or holds. 
 
Eleven  (11) interceptor wells are located around the mine pit for dewatering.  Water collected by the interceptor wells will be 
reinjected into the ground at the infiltration gallery or into as many as fifteen (15 ) injection wells.  Water will be treated to applicable 
water quality standards before reinjection. 
Briefly describe what changes at the project site and surrounding area will occur or are likely to occur because of construction or 
operation of your project (e.g. public access, streambed alteration, trenching, grading, excavation) 
 
Streambed alteration, trenching, grading and excavation 
Briefly describe land use around the water take, use, and return flow points (e.g. national park, recreational site, residential) 
 
Fairly remote region on the Seward Pennisula, uninhabitated, no adjacent communities within  5.0 miles. 
Will project be worked in phases? State reason for completion date. 
No. 

 
 
 
 
January 2000 



Page 2 of 3 
 
Briefly summarize your entire project. 
 

Rock Creek Mine Project (Project) is located on the Seward Peninsula 6 miles north of Nome in the Snake River watershed.  The 
Project will consist of a open pit mine, mine tailing impoundment, two non-acid generating development rock dumps, a gold recovery 
plant, , and a paste tailing facilites.  Ore milling rates are anticipated at 2.5 million tonnes (MT) per year, while development  rock 
stripping will range between 4 to 5 MT per year.   
 
The hydrogeology of the Rock Creek basin is controlled by surficial and bedrock geology, the topographic setting, as well as climate 
and hydrology.  There is a significant quanity of groundwater moving downslope in the alluvium within the Rock Creek Valley.  
Groundwater within this alluvium includes direct precipation, interflow from the upper slopes, and groundwater discharged from 
depth.  
 
The interception wells (pit perimeter dewatering wells) have a capacity of 1,000,000 gallons per day.  Water from the eleven (11) pit 
perimeter dewatering wells will be reinjected in an infiltration gallery located in the alluvial fan of Rock Creek or in up to as many as 
fifteen (15) Class V injection wells located to the north and northwest of the plant site. 
 

Attach extra page if needed 
References 
Coastal Zone Fee Schedule - Make checks payable to "Department of Revenue" 
If this appropriation is within the Coastal Zone, $ 50.00 For use of 5,000 GPD or less, 
and you are using more than 1,000 GPD from a $ 100.00 For use of more than 5,000 GPD but less than 30,000 GPD. 
surface source or 5,000 GPD from a subsurface $ 200.00 For use of 30,000 GPD or more but less than 100,000 GPD. 
source, you need to submit a completed Coastal $ 300.00 For use of 100,000 GPD or more but less than 500,000 GPD. 
Project Questionnaire. For more information $ 500.00 For use of 500,000 GPD or more but less than 1,000,000 GPD. 
on the Coastal Zone, contact the Division of $ 1,000.00 For use of 1,000,000 GPD or more except (see next line) 
Governmental Coordination; Anchorage 269- $ 1,500.00 For use of 1,000,000 GPD or more, outside of the hydrologic 
7470, Juneau 465-3562. unit from which it was removed (based on current USGS Hydrologic Unit 
 Map of Alaska). 
 $ 500.00 For use of any quantity of glacier ice. 
 Conversion Table 
Definitions 5,000 GPD=       30,000 GPD=     100,000 GPD=    500,000 GPD=   1,000,000 GPD= 
GPD = Gallons per day 0.01 CFS            0.05 CFS            0.2 CFS              0.8 CFS              1.5 CFS 
CFS = Cubic feet per second 3.47 GPM          20.83 GPM          69.4 GPM           347.2 GPM         694.4 GPM 
GPM = Gallons per minute 5.60 AFY           33.60 AFY           112.0 AFY           560.1 AFY          1120.1 AFY 
AFY = Acre-feet per year (325,851 gallons/year) 0.2 AFD             0.09 AFD             0.3 AFD              1.5 AFD              3.1 AFD 
AFD = Acre-feet per day (325,851 gallons/day) 0.01 MGD          0.03 MGD            0.1 MGD             0.5 MGD             1.0 MGD 
MGD = Million gallons per day  

 
The information presented in this application is true and correct to the best of my knowledge. I understand that no water right or priority 
is established per 11 AAC 93.210-220, that water use remains subject to appropriation by others, and that a temporary water use permit 
may be revoked if necessary to protect the water rights of other persons or the public interest. 
 

Signature  Date 

Name (please print)  Title 
    Charlotte Maccay Environmental Management, Project Manager 
 
 
January 2000 
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DIVISION OF MINING, LAND & WATER    

 WATER RESOURCES SECTION 
 

 
550 West 7th Ave., Suite 900A  
Anchorage, AK 99501-3577 
907-269-8503 
Fax: 269-8947 

 400 Willoughby, 4th Floor 
Juneau, AK 99801 
907-465-3400 
Fax: 586-2954 

Office Use Only 
Date/Time Stamp 
 
 
 
 
 

Office Use Only  
TWUP/LAS # 

Office Use Only CID# Office Use Only  
 Receipt Type           WR 

 

 
APPLICATION FOR TEMPORARY WATER USE PERMIT 

 
Instructions 
• Complete one application for each project - Incomplete applications will not be accepted 
• Attach map indicating water withdrawal point(s), location(s) of water use, and point(s) of return flow - Map must 
 identify meridian, township, range, and section 
 Attach sketch, photos, and / or plans of water system, and driller's well log, if applicable 
 Attach completed Coastal Project Questionnaire, if applicable (see page 3) 
 Submit filing fee - Non-refundable (see page 3) 

 
Project Name:  Rock Creek Mine/Mill Complex 
 
Alaska Gold Company Bristol Environmental & Engineering Services Corporation  
 Charlotte MacCay (agent) 
 111 W. 16th Avenue, Suite 301, Anchorage, Alaska 99501  
 907 563-0013  e-mail   cmaccay@bristol-companies.com 
Business Name  Contact Person 
 
P.O. Box 640,  Nome  Alaska  99762 
Mailing Address City State Zip Code 
 
907 443-5272    
Phone Number Fax Number             E-mail Address 
 
Legal Descriptions 

Location of Water Use - It is applicant's responsibility to obtain and maintain  legal occupancy 
Identifiable Landmarks (e.g. milepost, subdivision) Meridian  Township Range Section  Quarter Sections 

Rock Creek  West Kateel 
River 

10 S 34 W 14, 23  
¼

     
¼

Location of Water Source - It is applicant's responsibility to obtain and maintain legal access 
Geographic Name of Water Body or Well Depth Meridian Township Range Section Quarter Sections 

Rock Creek Mine Pit,  West Kateel 
River 

10 S 34 W 14, 23 
¼

     

¼ ¼
Location of Water Return Flow or Discharge, if applicable 

Geographic Name of Water Body or Well Depth  Meridian  Township Range Section Quarter Sections 
Infiltration Gallery/ Injection Wells, Lindblom Creek Valley 
and Rock Creek Valley  

West Kateel 
River 

10 S 34 W 14, 15, 22, 
23 ¼ ¼

     

¼ ¼
Attach page if needed
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Purpose of Water use Water  Quantity of Water Season Calculations 
 Less than 5,000 gal/day Summer 2006  Show how quantity 
  (may be renewed) was determined 
 Maximum Total Daily Date Work *Date All  
 Withdrawal Amount Will Start Work Will be Hours/day:  24 Hrs/Day 
 Rate   Completed (as needed) 
Mine pit dewatering of precipitation 
via pit sumps to keep pit dry for 
operational purposes. 

7,000 GPM 1.008 MGD September 
2006 

August 2011 Days/week .  7 days/wk 
(as needed) 

      
   *You may want to use the Period. Year Round 

(as needed) 
   end of the construction  
Max Total Amount Anticipated  7,000 GPM 1.008 MGD season for your ending  

   date  
 

 
Method of Taking Water 
PUMP  Pump intake    inches  Hours working      24 hrs.  (as needed)   hours/day 
 Pump output    7,000 GPM  Length of pipe feet (from pump to point of use) 
Gravity Pipe diameter________ inches  Length of pipe feet (take point to use point 

 Head_______feet     
Ditch  L_______H ---- W --- feet  Diversion____________________GPM or CFS 
Reservoir L H ------ W feet   Water storage ________________AF 
Dam L ------ H ------ W ------ feet  Water storage ________________AF 
 

 
Project Description 
What alternative water sources are available to your project should a portion of your requested diversion be excluded because of 
water shortage or public interest concerns? 
 
None  - purpose is to dewater the mine pit. 
Are there any surface water bodies or water wells at or near your site(s) that could be affected by the proposed activity? If yes, list 
any ground water monitoring programs going on at or near the sites, any water shortages or water quality problems in the area, 
and any information about the water table, if known. 
 
 Yes – there will be some depletion of flow to Rock Creek.  There are no downstream users. 
Briefly describe the type and size of equipment used to withdraw and transport water, including the amount of water the equipment 
uses or holds. 
 
Pit sumps are located within the mine pit on an as need basis for dewatering of surface precipiation.  Water collected by the pit 
sumps will be reinjected into the ground at the infiltration gallery or in up to as many as fifteen (15 ) injection wells.  Water will be 
treated to meet applicable water quality standards before reinjection. 
Briefly describe what changes at the project site and surrounding area will occur or are likely to occur because of construction or 
operation of your project (e.g. public access, streambed alteration, trenching, grading, excavation) 
 
Streambed alteration, trenching, grading and excavation 
Briefly describe land use around the water take, use, and return flow points (e.g. national park, recreational site, residential) 
 
Fairly remote region on the Seward Pennisula, uninhabitated, no adjacent communities within  5.0 miles. 
Will project be worked in phases? State reason for completion date. 
No. 
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Briefly summarize your entire project. 
 

Rock Creek Mine Project (Project) is located on the Seward Peninsula 6 miles north of Nome in the Snake River watershed.  The 
Project will consist of a open pit mine, mine tailing impoundment, two non-acid generating development rock dumps, a gold recovery 
plant, , and a paste tailing facilites.  Ore milling rates are anticipated at 2.5 million tonnes (MT) per year, while development  rock 
stripping will range between 4 to 5 MT per year.   
 
The hydrogeology of the Rock Creek basin is controlled by surficial and bedrock geology, the topographic setting, as well as climate 
and hydrology.  There is a significant quanity of groundwater moving downslope in the alluvium within the Rock Creek Valley.  
Groundwater within this alluvium includes direct precipation, interflow from the upper slopes, and groundwater discharged from 
depth.  
 
Sump pumps will be placed in the mine pit to dewater surface preciption.  The sump pumps will collectively have a maximum 
capacity of 1,008,000 gallons per day.  Water from the sump pumps will be reinjected in to the infiltration gallery or in up to as many 
as fifteen (15) Class V injection wells lcoated north and northwest of the plant site. 
 
 

Attach extra page if needed 
References 
Coastal Zone Fee Schedule - Make checks payable to "Department of Revenue" 
If this appropriation is within the Coastal Zone, $ 50.00 For use of 5,000 GPD or less, 
and you are using more than 1,000 GPD from a $ 100.00 For use of more than 5,000 GPD but less than 30,000 GPD. 
surface source or 5,000 GPD from a subsurface $ 200.00 For use of 30,000 GPD or more but less than 100,000 GPD. 
source, you need to submit a completed Coastal $ 300.00 For use of 100,000 GPD or more but less than 500,000 GPD. 
Project Questionnaire. For more information $ 500.00 For use of 500,000 GPD or more but less than 1,000,000 GPD. 
on the Coastal Zone, contact the Division of $ 1,000.00 For use of 1,000,000 GPD or more except (see next line) 
Governmental Coordination; Anchorage 269- $ 1,500.00 For use of 1,000,000 GPD or more, outside of the hydrologic 
7470, Juneau 465-3562. unit from which it was removed (based on current USGS Hydrologic Unit 
 Map of Alaska). 
 $ 500.00 For use of any quantity of glacier ice. 
 Conversion Table 
Definitions 5,000 GPD=       30,000 GPD=     100,000 GPD=    500,000 GPD=   1,000,000 GPD= 
GPD = Gallons per day 0.01 CFS            0.05 CFS            0.2 CFS              0.8 CFS              1.5 CFS 
CFS = Cubic feet per second 3.47 GPM          20.83 GPM          69.4 GPM           347.2 GPM         694.4 GPM 
GPM = Gallons per minute 5.60 AFY           33.60 AFY           112.0 AFY           560.1 AFY          1120.1 AFY 
AFY = Acre-feet per year (325,851 gallons/year) 0.2 AFD             0.09 AFD             0.3 AFD              1.5 AFD              3.1 AFD 
AFD = Acre-feet per day (325,851 gallons/day) 0.01 MGD          0.03 MGD            0.1 MGD             0.5 MGD             1.0 MGD 
MGD = Million gallons per day  

 
The information presented in this application is true and correct to the best of my knowledge. I understand that no water right or priority 
is established per 11 AAC 93.210-220, that water use remains subject to appropriation by others, and that a temporary water use permit 
may be revoked if necessary to protect the water rights of other persons or the public interest. 
 

Signature  Date 

Name (please print)  Title 
    Charlotte Maccay Environmental Management, Project Manager 
 
 
January 2000 
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DIVISION OF MINING, LAND & WATER    

 WATER RESOURCES SECTION 
 

 
550 West 7th Ave., Suite 900A  
Anchorage, AK 99501-3577 
907-269-8503 
Fax: 269-8947 

 400 Willoughby, 4th Floor 
Juneau, AK 99801 
907-465-3400 
Fax: 586-2954 

Office Use Only 
Date/Time Stamp 
 
 
 
 
 

Office Use Only  
TWUP/LAS # 

Office Use Only CID# Office Use Only  
 Receipt Type           WR 

 

 
APPLICATION FOR TEMPORARY WATER USE PERMIT 

 
Instructions 
• Complete one application for each project - Incomplete applications will not be accepted 
• Attach map indicating water withdrawal point(s), location(s) of water use, and point(s) of return flow - Map must 
 identify meridian, township, range, and section 
 Attach sketch, photos, and / or plans of water system, and driller's well log, if applicable 
 Attach completed Coastal Project Questionnaire, if applicable (see page 3) 
 Submit filing fee - Non-refundable (see page 3) 

 
Project Name:  Rock Creek Mine/Mill Complex 
 
Alaska Gold Company Bristol Environmental & Engineering Services Corporation  
 Charlotte MacCay (agent) 
 111 W. 16th Avenue, Suite 301, Anchorage, Alaska 99501  
 907 563-0013  e-mail   cmaccay@bristol-companies.com 
Business Name  Contact Person 
 
P.O. Box 640,  Nome  Alaska  99762 
Mailing Address City State Zip Code 
 
907 443-5272    
Phone Number Fax Number             E-mail Address 
 
Legal Descriptions 

Location of Water Use - It is applicant's responsibility to obtain and maintain  legal occupancy 
Identifiable Landmarks (e.g. milepost, subdivision) Meridian  Township Range Section  Quarter Sections 

Rock Creek  West Kateel 
River 

10 S 34 W 14, 23  
¼

     
¼

Location of Water Source - It is applicant's responsibility to obtain and maintain legal access 
Geographic Name of Water Body or Well Depth Meridian Township Range Section Quarter Sections 

Rock Creek mine drainage from  plant site drainage 
ditches and tailings storage facility routed to the mill 
recycle pond for mill use. 

West Kateel 
River 

10 S 34 W 14, 23 
¼

     

¼ ¼
Location of Water Return Flow or Discharge, if applicable 

Geographic Name of Water Body or Well Depth  Meridian  Township Range Section Quarter Sections 
No discharge West Kateel 

River 
10 S 34 W 14, 15, 22, 

23 ¼ ¼
     

¼ ¼
Attach page if needed
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Purpose of Water use Water  Quantity of Water Season Calculations 
Mill process water from plant –site  Less than 5,000 gal/day Summer 2006  Show how quantity 
Drainage channels and water that  (may be renewed) was determined 
Collects in the tailings storage  Maximum Total Daily Date Work *Date All  
Facility. Withdrawal Amount Will Start Work Will be Hours/day:  24 Hrs/Day 
 Rate   Completed (as needed) 
Plant Site drainage channels  - 
(30,000 gpm/7 MGD) 

GPM MGD September 
2006 

August 2011 Days/week .  7 days/wk 
(as needed) 

(TSF 15,000 GPM/20 MGD) 45,000 GPM 27 MGD    
   *You may want to use the Period. Year Round 

(as needed) 
   end of the construction  
Max Total Amount Anticipated  GPM MGD season for your ending  

 45,000 GPM 190 MG/Year date  
 

 
Method of Taking Water 
PUMP (tsf to mill  Pump intake  4 inches (verticle 

submerisible) 
 Hours working      24 hrs.  (as needed)   hours/day 

recycle pond) Pump output  500 GPM  Length of pipe1200 feet (from pump to point of use) 
Gravity Pipe diameter________ inches  Length of pipe feet (take point to use point 

 Head_______feet     
Ditch(plant site) L 3100 H 4 W 10 feet  Diversion____________________GPM or CFS 
Reservoir L H ------ W feet   Water storage ________________AF 
Dam (tailings dam) L 6700 H 90 W 33 crest feet  Water storage 850 AF max area  (258 AF max water 

storage anticipated)_ 
 

 
Project Description 
What alternative water sources are available to your project should a portion of your requested diversion be excluded because of 
water shortage or public interest concerns? 
 
Water supply could be taken from the upstream diversion ditches that flow to Lindblom Creek, and/or the Snake River, and/or 
interception wells, but that would leave mine drainage that required treatment and discharge. 
Are there any surface water bodies or water wells at or near your site(s) that could be affected by the proposed activity? If yes, list 
any ground water monitoring programs going on at or near the sites, any water shortages or water quality problems in the area, 
and any information about the water table, if known. 
 
Yes – flows may be depleted in Rock Creek.  There are no downstream users. 
Briefly describe the type and size of equipment used to withdraw and transport water, including the amount of water the equipment 
uses or holds. 
 
Ditches will collect surface water/mine drainage from around the mine/mill site and the tailings storage facility nad it will flow either 
by gravity or be pumped to the mill recycle pond and then pumped into the mill for use in the milling/refining process. 
Briefly describe what changes at the project site and surrounding area will occur or are likely to occur because of construction or 
operation of your project (e.g. public access, streambed alteration, trenching, grading, excavation) 
 
trenching, grading and excavation 
Briefly describe land use around the water take, use, and return flow points (e.g. national park, recreational site, residential) 
 
Fairly remote region on the Seward Pennisula, uninhabitated, no adjacent communities within  5.0 miles. 
Will project be worked in phases? State reason for completion date. 
No. 
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Briefly summarize your entire project. 
 

Rock Creek Mine Project (Project) is located on the Seward Peninsula 6 miles north of Nome in the Snake River watershed.  The 
Project will consist of a open pit mine, mine tailing impoundment, two non-acid generating development rock dumps, a gold recovery 
plant, , and a paste tailing facilites.  Ore milling rates are anticipated at 2.5 million tonnes (MT) per year, while development  rock 
stripping will range between 4 to 5 MT per year.   
 
The hydrogeology of the Rock Creek basin is controlled by surficial and bedrock geology, the topographic setting, as well as climate 
and hydrology.  There is a significant quanity of groundwater moving downslope in the alluvium within the Rock Creek Valley.  
Groundwater within this alluvium includes direct precipation, interflow from the upper slopes, and groundwater discharged from 
depth.  
 
Mine drainage will be collected for re-use in the mill to minimize the need for treatment and discharge. 
 
 

Attach extra page if needed 
References 
Coastal Zone Fee Schedule - Make checks payable to "Department of Revenue" 
If this appropriation is within the Coastal Zone, $ 50.00 For use of 5,000 GPD or less, 
and you are using more than 1,000 GPD from a $ 100.00 For use of more than 5,000 GPD but less than 30,000 GPD. 
surface source or 5,000 GPD from a subsurface $ 200.00 For use of 30,000 GPD or more but less than 100,000 GPD. 
source, you need to submit a completed Coastal $ 300.00 For use of 100,000 GPD or more but less than 500,000 GPD. 
Project Questionnaire. For more information $ 500.00 For use of 500,000 GPD or more but less than 1,000,000 GPD. 
on the Coastal Zone, contact the Division of $ 1,000.00 For use of 1,000,000 GPD or more except (see next line) 
Governmental Coordination; Anchorage 269- $ 1,500.00 For use of 1,000,000 GPD or more, outside of the hydrologic 
7470, Juneau 465-3562. unit from which it was removed (based on current USGS Hydrologic Unit 
 Map of Alaska). 
 $ 500.00 For use of any quantity of glacier ice. 
 Conversion Table 
Definitions 5,000 GPD=       30,000 GPD=     100,000 GPD=    500,000 GPD=   1,000,000 GPD= 
GPD = Gallons per day 0.01 CFS            0.05 CFS            0.2 CFS              0.8 CFS              1.5 CFS 
CFS = Cubic feet per second 3.47 GPM          20.83 GPM          69.4 GPM           347.2 GPM         694.4 GPM 
GPM = Gallons per minute 5.60 AFY           33.60 AFY           112.0 AFY           560.1 AFY          1120.1 AFY 
AFY = Acre-feet per year (325,851 gallons/year) 0.2 AFD             0.09 AFD             0.3 AFD              1.5 AFD              3.1 AFD 
AFD = Acre-feet per day (325,851 gallons/day) 0.01 MGD          0.03 MGD            0.1 MGD             0.5 MGD             1.0 MGD 
MGD = Million gallons per day  

 
The information presented in this application is true and correct to the best of my knowledge. I understand that no water right or priority 
is established per 11 AAC 93.210-220, that water use remains subject to appropriation by others, and that a temporary water use permit 
may be revoked if necessary to protect the water rights of other persons or the public interest. 
 

Signature  Date 

Name (please print)  Title 
    Charlotte Maccay Environmental Management, Project Manager 
 
 
January 2000 
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DIVISION OF MINING, LAND & WATER    
 WATER RESOURCES SECTION 

 
 
550 West 7th Ave., Suite 900A  
Anchorage, AK 99501-3577 
907-269-8503 
Fax: 269-8947 

 400 Willoughby, 4th Floor 
Juneau, AK 99801 
907-465-3400 
Fax: 586-2954 

Office Use Only 
Date/Time Stamp 
 
 
 
 
 

Office Use Only  
TWUP/LAS # 

Office Use Only CID# Office Use Only  
 Receipt Type           WR 

 

 
APPLICATION FOR TEMPORARY WATER USE PERMIT 

 
Instructions 
• Complete one application for each project - Incomplete applications will not be accepted 
• Attach map indicating water withdrawal point(s), location(s) of water use, and point(s) of return flow - Map must 
 identify meridian, township, range, and section 
 Attach sketch, photos, and / or plans of water system, and driller's well log, if applicable 
 Attach completed Coastal Project Questionnaire, if applicable (see page 3) 
 Submit filing fee - Non-refundable (see page 3) 

 
Project Name:  Rock Creek Mine/Mill Complex 
 
Alaska Gold Company Bristol Environmental & Engineering Services Corporation  
 Charlotte MacCay (agent) 
 111 W. 16th Avenue, Suite 301, Anchorage, Alaska 99501  
 907 563-0013  e-mail   cmaccay@bristol-companies.com 
Business Name  Contact Person 
 
P.O. Box 640,  Nome  Alaska  99762 
Mailing Address City State Zip Code 
 
907 443-5272    
Phone Number Fax Number             E-mail Address 
 
Legal Descriptions 

Location of Water Use - It is applicant's responsibility to obtain and maintain  legal occupancy 
Identifiable Landmarks (e.g. milepost, subdivision) Meridian  Township Range Section  Quarter Sections 

Rock Creek  West Kateel 
River 

10 S 34 W 14, 23  
¼

     
¼

Location of Water Source - It is applicant's responsibility to obtain and maintain legal access 
Geographic Name of Water Body or Well Depth Meridian Township Range Section Quarter Sections 

Rock Creek Diversion Ditches to Lindblom Creek West Kateel 
River 

10 S 34 W 14, 23 
¼

     

¼ ¼
Location of Water Return Flow or Discharge, if applicable 

Geographic Name of Water Body or Well Depth  Meridian  Township Range Section Quarter Sections 
Lindblom Creek West Kateel 

River 
10 S 34 W 14, 15, 22, 

23 ¼ ¼
     

¼ ¼
Attach page if needed

 
January 2000  
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Purpose of Water use Water  Quantity of Water Season Calculations 
Upper ditch and lower north ditches Less than 5,000 gal/day Summer 2006  Show how quantity 
Upper ditch 350,000 gpm 97 MGD  (may be renewed) was determined 
Lower north 50,000 gpm 14MGD Maximum Total Daily Date Work *Date All  
 Withdrawal Amount Will Start Work Will be Hours/day:  24 Hrs/Day 
 Rate   Completed (as needed) 
Diversion of water to minimize 
drainge through the mine pit 

400,000 GPM  111 MGD September 
2006 

August 2011 Days/week .  7 days/wk 
(as needed) 

      
   *You may want to use the Period. Year Round 

(as needed) 
   end of the construction  
Max Total Amount Anticipated  400,000 GPM 345 MG/Year season for your ending  

   date  
 

 
Method of Taking Water 
PUMP  Pump intake    inches  Hours working      24 hrs.  (as needed)   hours/day 
 Pump output    GPM  Length of pipe feet (from pump to point of use) 
Gravity Pipe diameter________ inches  Length of pipe feet (take point to use point 

 Head_______feet     
Ditch  L_9800_H 6- W 10 feet 

L_4000_H 4_W 4 feet 
Note: channel height varies with 
topography 

 Diversion____________________GPM or CFS 

Reservoir L H ------ W feet   Water storage ________________AF 
Dam L ------ H ------ W ------ feet  Water storage ________________AF 
 

 
Project Description 
What alternative water sources are available to your project should a portion of your requested diversion be excluded because of 
water shortage or public interest concerns? 
 
None  - the purpose is to minimize drainage through the rock creek mine area 
Are there any surface water bodies or water wells at or near your site(s) that could be affected by the proposed activity? If yes, list 
any ground water monitoring programs going on at or near the sites, any water shortages or water quality problems in the area, 
and any information about the water table, if known. 
 
Yes – flows may be depleted in Rock Creek.  There are no downstream users. 
Briefly describe the type and size of equipment used to withdraw and transport water, including the amount of water the equipment 
uses or holds. 
 
Ditches will divert surface stormwater away from Rock Creek to drain into Lindblom Creek. 
Briefly describe what changes at the project site and surrounding area will occur or are likely to occur because of construction or 
operation of your project (e.g. public access, streambed alteration, trenching, grading, excavation) 
 
Streambed alteration, trenching, grading and excavation 
Briefly describe land use around the water take, use, and return flow points (e.g. national park, recreational site, residential) 
 
Fairly remote region on the Seward Pennisula, uninhabitated, no adjacent communities within  5.0 miles. 
Will project be worked in phases? State reason for completion date. 
No. 

 
 
 
 



 
January 2000 
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Briefly summarize your entire project. 
 

Rock Creek Mine Project (Project) is located on the Seward Peninsula 6 miles north of Nome in the Snake River watershed.  The 
Project will consist of a open pit mine, mine tailing impoundment, two non-acid generating development rock dumps, a gold recovery 
plant, , and a paste tailing facilites.  Ore milling rates are anticipated at 2.5 million tonnes (MT) per year, while development  rock 
stripping will range between 4 to 5 MT per year.   
 
The hydrogeology of the Rock Creek basin is controlled by surficial and bedrock geology, the topographic setting, as well as climate 
and hydrology.  There is a significant quanity of groundwater moving downslope in the alluvium within the Rock Creek Valley.  
Groundwater within this alluvium includes direct precipation, interflow from the upper slopes, and groundwater discharged from 
depth.  
 
Diversion ditches will minimze flow throgh the mine area thereby minimizing contact with exposed minerals.  There will be less 
potential for impacts to water quality and less need for water treatment at the mine site. 
 
 

Attach extra page if needed 
References 
Coastal Zone Fee Schedule - Make checks payable to "Department of Revenue" 
If this appropriation is within the Coastal Zone, $ 50.00 For use of 5,000 GPD or less, 
and you are using more than 1,000 GPD from a $ 100.00 For use of more than 5,000 GPD but less than 30,000 GPD. 
surface source or 5,000 GPD from a subsurface $ 200.00 For use of 30,000 GPD or more but less than 100,000 GPD. 
source, you need to submit a completed Coastal $ 300.00 For use of 100,000 GPD or more but less than 500,000 GPD. 
Project Questionnaire. For more information $ 500.00 For use of 500,000 GPD or more but less than 1,000,000 GPD. 
on the Coastal Zone, contact the Division of $ 1,000.00 For use of 1,000,000 GPD or more except (see next line) 
Governmental Coordination; Anchorage 269- $ 1,500.00 For use of 1,000,000 GPD or more, outside of the hydrologic 
7470, Juneau 465-3562. unit from which it was removed (based on current USGS Hydrologic Unit 
 Map of Alaska). 
 $ 500.00 For use of any quantity of glacier ice. 
 Conversion Table 
Definitions 5,000 GPD=       30,000 GPD=     100,000 GPD=    500,000 GPD=   1,000,000 GPD= 
GPD = Gallons per day 0.01 CFS            0.05 CFS            0.2 CFS              0.8 CFS              1.5 CFS 
CFS = Cubic feet per second 3.47 GPM          20.83 GPM          69.4 GPM           347.2 GPM         694.4 GPM 
GPM = Gallons per minute 5.60 AFY           33.60 AFY           112.0 AFY           560.1 AFY          1120.1 AFY 
AFY = Acre-feet per year (325,851 gallons/year) 0.2 AFD             0.09 AFD             0.3 AFD              1.5 AFD              3.1 AFD 
AFD = Acre-feet per day (325,851 gallons/day) 0.01 MGD          0.03 MGD            0.1 MGD             0.5 MGD             1.0 MGD 
MGD = Million gallons per day  

 
The information presented in this application is true and correct to the best of my knowledge. I understand that no water right or priority 
is established per 11 AAC 93.210-220, that water use remains subject to appropriation by others, and that a temporary water use permit 
may be revoked if necessary to protect the water rights of other persons or the public interest. 
 

Signature  Date 

Name (please print)  Title 
    Charlotte Maccay Environmental Management, Project Manager 
 
 
January 2000 
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DIVISION OF MINING, LAND & WATER    

 WATER RESOURCES SECTION 
 

 
550 West 7th Ave., Suite 900A  
Anchorage, AK 99501-3577 
907-269-8503 
Fax: 269-8947 

 400 Willoughby, 4th Floor 
Juneau, AK 99801 
907-465-3400 
Fax: 586-2954 

Office Use Only 
Date/Time Stamp 
 
 
 
 
 

Office Use Only  
TWUP/LAS # 

Office Use Only CID# Office Use Only  
 Receipt Type           WR 

 

 
APPLICATION FOR TEMPORARY WATER USE PERMIT 

 
Instructions 
• Complete one application for each project - Incomplete applications will not be accepted 
• Attach map indicating water withdrawal point(s), location(s) of water use, and point(s) of return flow - Map must 
 identify meridian, township, range, and section 
 Attach sketch, photos, and / or plans of water system, and driller's well log, if applicable 
 Attach completed Coastal Project Questionnaire, if applicable (see page 3) 
 Submit filing fee - Non-refundable (see page 3) 

 
Project Name:  Big Hurrah Mine 
 
Alaska Gold Company Bristol Environmental & Engineering Services Corporation  
 Charlotte MacCay (agent) 
 111 W. 16th Avenue, Suite 301, Anchorage, Alaska 99501  
 907 743-9366  e-mail   cmaccay@bristol-companies.com 
Business Name  Contact Person 
 
P.O. Box 640,  Nome  Alaska  99762 
Mailing Address City State Zip Code 
 
907 443-5272    
Phone Number Fax Number             E-mail Address 
 
Legal Descriptions 

Location of Water Use - It is applicant's responsibility to obtain and maintain  legal occupancy 
Identifiable Landmarks (e.g. milepost, subdivision) Meridian  Township Range Section  Quarter Sections 

Little Hurrah Creek Valley  West Kateel 
River 

10 S 28 W 3, 10  
¼

     
¼

Location of Water Source - It is applicant's responsibility to obtain and maintain legal access 
Geographic Name of Water Body or Well Depth Meridian Township Range Section Quarter Sections 

 Big Hurrah Mine Pit – Little Hurrah Creek Valley West Kateel 
River 

10 S 28 W 3, 10 
¼

     

¼ ¼
Location of Water Return Flow or Discharge, if applicable 

Geographic Name of Water Body or Well Depth  Meridian  Township Range Section Quarter Sections 
Injection Wells, Little Hurrah Creek Valley   West Kateel 

River 
10 S 28 W 3, 10 

¼ ¼
     

¼ ¼
Attach page if needed

 
January 2000  
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Purpose of Water use Water  Quantity of Water Season Calculations 
 Less than 5,000 gal/day Summer 2006  Show how quantity 
  (may be renewed) was determined 
 Maximum Total Daily Date Work *Date All  
 Withdrawal Amount Will Start Work Will be Hours/day:  24 Hrs/Day 

 (as needed)  
 Rate   Completed  
Mine dewatering of precipitation and 
seepage via mine pit sump pumps  

3,500 GPM 5.04 MGD September 
2006 

August 2011 Days/week .  7 days/wk 
(as needed)  

      
   *You may want to use the Period. Year Round 

(as needed) 
   end of the construction  
                    Total Amount 3,500 GPM 5.04 MGD season for your ending  

   date  
 
This is the absolute maximum quanity of surface water from precipation ever expected to be pumped from the mine pit for purposes of 
permitting and planning. 
 

 
Method of Taking Water 
PUMP  Pump intake       inches  Hours working      24 hrs.  (as needed)   hours/day 
 Pump output    3,500 GPM  Length of pipe feet (from pump to point of use) 
Gravity Pipe diameter________ inches  Length of pipe feet (take point to use point 

 Head_______feet     
Ditch  L_______H ---- W --- feet  Diversion____________________GPM or CFS 
Reservoir L H ------ W feet   Water storage ________________AF 
Dam L ------ H ------ W ------ feet  Water storage ________________AF 
 

 
Project Description 
What alternative water sources are available to your project should a portion of your requested diversion be excluded because of 
water shortage or public interest concerns? 
 
None  - purpose is to dewater the mine pit. 
Are there any surface water bodies or water wells at or near your site(s) that could be affected by the proposed activity? If yes, list 
any ground water monitoring programs going on at or near the sites, any water shortages or water quality problems in the area, 
and any information about the water table, if known. 
 
Yes – may deplete flows to lower Little Hurrah Creek.  Thre are no downstream users. 
Briefly describe the type and size of equipment used to withdraw and transport water, including the amount of water the equipment 
uses or holds. 
 
Mine pit water will be removed via pumps located in low areas or sumps withn the mine pit.  Water will be reinjected into the ground 
water wells – there may be up to as many as seven (7) injection wells.  Water will be treated to meet applicable water quality 
standards before reinjection. 
Briefly describe what changes at the project site and surrounding area will occur or are likely to occur because of construction or 
operation of your project (e.g. public access, streambed alteration, trenching, grading, excavation) 
 
Streambed alteration, trenching, grading and excavation 
Briefly describe land use around the water take, use, and return flow points (e.g. national park, recreational site, residential) 
 
Fairly remote region on the Seward Pennisula, uninhabitated, no adjacent communities or houses within 10.0 miles. 
Will project be worked in phases? State reason for completion date. 
No. 

January 2000 
Page 2 of 3 



 
Briefly summarize your entire project. 
 

The proposed mining site is located just above the confluence of the Big Hurrah and Little Hurrah Creek.  The topography of Big 
Hurrah Creek is moderately steep approaching a 30% grade, with steeper rock slopes along sections of Little and Big Hurrah 
creeks.   The bottom of Little Hurrah Creek consists of thin alluvial/colluvial deposits.  The undelying rock consists of predominately 
structurally complex schist and marble with abundant alterations-related carbonate, quartz, and graphite associated with secondary 
gold mineralization along the veins.   
 
The Big Hurrah Mine facilities will include the following: an open pit gold mine, a small satelite mine pit also to be used for ore 
stockpiling,  a non-acid generating development rock dump, temporary stockpile of potentially acid generating development rock to 
be backfilled in the pit at closure, truck maintenance shop, small administration building, explosive and fuel storage. 
 
The ore mining rate will be approximately 1,500 tonnes per day (tpd) and the stripping rate will be 5,000 tpd.  Ore will be stockpiled 
and delivered overland by truck to the Rock Creek Mill at an average rate of approximately 1000 tpd.  
 
Surface water accumulating from precipitation and runoff in the mine pit  will be collected in low areas or sumps and pumped out for 
operational purposes.  The water  will be reinjected in up to as many as seven (7) Class V injection wells located southeast of the 
mine pit.  Water will be treated to applicable water quality standards before reinjection. 
 

Attach extra page if needed 
References 
Coastal Zone Fee Schedule - Make checks payable to "Department of Revenue" 
If this appropriation is within the Coastal Zone, $ 50.00 For use of 5,000 GPD or less, 
and you are using more than 1,000 GPD from a $ 100.00 For use of more than 5,000 GPD but less than 30,000 GPD. 
surface source or 5,000 GPD from a subsurface $ 200.00 For use of 30,000 GPD or more but less than 100,000 GPD. 
source, you need to submit a completed Coastal $ 300.00 For use of 100,000 GPD or more but less than 500,000 GPD. 
Project Questionnaire. For more information $ 500.00 For use of 500,000 GPD or more but less than 1,000,000 GPD. 
on the Coastal Zone, contact the Division of $ 1,000.00 For use of 1,000,000 GPD or more except (see next line) 
Governmental Coordination; Anchorage 269- $ 1,500.00 For use of 1,000,000 GPD or more, outside of the hydrologic 
7470, Juneau 465-3562. unit from which it was removed (based on current USGS Hydrologic Unit 
 Map of Alaska). 
 $ 500.00 For use of any quantity of glacier ice. 
 Conversion Table 
Definitions 5,000 GPD=       30,000 GPD=     100,000 GPD=    500,000 GPD=   1,000,000 GPD= 
GPD = Gallons per day 0.01 CFS            0.05 CFS            0.2 CFS              0.8 CFS              1.5 CFS 
CFS = Cubic feet per second 3.47 GPM          20.83 GPM          69.4 GPM           347.2 GPM         694.4 GPM 
GPM = Gallons per minute 5.60 AFY           33.60 AFY           112.0 AFY           560.1 AFY          1120.1 AFY 
AFY = Acre-feet per year (325,851 gallons/year) 0.2 AFD             0.09 AFD             0.3 AFD              1.5 AFD              3.1 AFD 
AFD = Acre-feet per day (325,851 gallons/day) 0.01 MGD          0.03 MGD            0.1 MGD             0.5 MGD             1.0 MGD 
MGD = Million gallons per day  

 
The information presented in this application is true and correct to the best of my knowledge. I understand that no water right or priority 
is established per 11 AAC 93.210-220, that water use remains subject to appropriation by others, and that a temporary water use permit 
may be revoked if necessary to protect the water rights of other persons or the public interest. 
 

Signature  Date 

Name (please print)  Title 
    Charlotte Maccay Environmental Management, Project Manager 
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DIVISION OF MINING, LAND & WATER    

 WATER RESOURCES SECTION 
 

 
550 West 7th Ave., Suite 900A  
Anchorage, AK 99501-3577 
907-269-8503 
Fax: 269-8947 

 400 Willoughby, 4th Floor 
Juneau, AK 99801 
907-465-3400 
Fax: 586-2954 

Office Use Only 
Date/Time Stamp 
 
 
 
 
 

Office Use Only  
TWUP/LAS # 

Office Use Only CID# Office Use Only  
 Receipt Type           WR 

 

 
APPLICATION FOR TEMPORARY WATER USE PERMIT 

 
Instructions 
• Complete one application for each project - Incomplete applications will not be accepted 
• Attach map indicating water withdrawal point(s), location(s) of water use, and point(s) of return flow - Map must 
 identify meridian, township, range, and section 
 Attach sketch, photos, and / or plans of water system, and driller's well log, if applicable 
 Attach completed Coastal Project Questionnaire, if applicable (see page 3) 
 Submit filing fee - Non-refundable (see page 3) 

 
Project Name:  Big Hurrah Mine 
 
Alaska Gold Company Bristol Environmental & Engineering Services Corporation  
 Charlotte MacCay (agent) 
 111 W. 16th Avenue, Suite 301, Anchorage, Alaska 99501  
 907 743-9366  e-mail   cmaccay@bristol-companies.com 
Business Name  Contact Person 
 
P.O. Box 640,  Nome  Alaska  99762 
Mailing Address City State Zip Code 
 
907 443-5272    
Phone Number Fax Number             E-mail Address 
 
Legal Descriptions 

Location of Water Use - It is applicant's responsibility to obtain and maintain  legal occupancy 
Identifiable Landmarks (e.g. milepost, subdivision) Meridian  Township Range Section  Quarter Sections 

Little Hurrah Creek Valley  West Kateel 
River 

10 S 28 W 3, 10  
¼

     
¼

Location of Water Source - It is applicant's responsibility to obtain and maintain legal access 
Geographic Name of Water Body or Well Depth Meridian Township Range Section Quarter Sections 

Interception wells surrounding Big Hurrah Mine Pit West Kateel 
River 

10 S 28 W 3, 10 
¼

     

¼ ¼
Location of Water Return Flow or Discharge, if applicable 

Geographic Name of Water Body or Well Depth  Meridian  Township Range Section Quarter Sections 
Injection Wells, Little Hurrah Creek Valley  West Kateel 

River 
10 S 28 W 3, 10 

¼ ¼
     

¼ ¼
Attach page if needed
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Purpose of Water use Water  Quantity of Water Season Calculations 
 Less than 5,000 gal/day Summer 2006  Show how quantity 
  (may be renewed) was determined 
 Maximum Total Daily Date Work *Date All  
 Withdrawal Amount Will Start Work Will be Hours/day:  24 Hrs/Day 

(as needed) 
 Rate   Completed  
Mine dewatering of ground water via 
interceptor wells  

250 GPM 360,000 GPD September 
2006 

August 2011 Days/week .  7 days/wk 
(as needed) 

      
   *You may want to use the Period. Year Round 

(as needed) 
   end of the construction  
                                  Total Amount 250 GPM 360,000 GPD season for your ending  

   date  
 

 
Method of Taking Water 
PUMP  Pump intake       inches  Hours working      24 hrs.  (as needed)   hours/day 
 Pump output    250  GPM  Length of pipe feet (from pump to point of use) 
Gravity Pipe diameter________ inches  Length of pipe feet (take point to use point 

 Head_______feet     
Ditch  L_______H ---- W --- feet  Diversion____________________GPM or CFS 
Reservoir L H ------ W feet   Water storage ________________AF 
Dam L ------ H ------ W ------ feet  Water storage ________________AF 
 

 
Project Description 
What alternative water sources are available to your project should a portion of your requested diversion be excluded because of 
water shortage or public interest concerns? 
 
None – the purpose is to prevent groundwater from reaching the mine pit. 
Are there any surface water bodies or water wells at or near your site(s) that could be affected by the proposed activity? If yes, list 
any ground water monitoring programs going on at or near the sites, any water shortages or water quality problems in the area, 
and any information about the water table, if known. 
 
Yes there will be some reduction of flow to Little Hurrah Creek – although most of its flow is from surface water runoff. 
Briefly describe the type and size of equipment used to withdraw and transport water, including the amount of water the equipment 
uses or holds. 
 
Five (5) interceptor wells are located around the mine pit for dewatering.  Water collected by the interceptor wells will be reinjected 
into the ground at up to as many as seven (7) injection wells.  Water will be treated to meet applicable water quality standards 
before reinjection. 
Briefly describe what changes at the project site and surrounding area will occur or are likely to occur because of construction or 
operation of your project (e.g. public access, streambed alteration, trenching, grading, excavation) 
 
Streambed alteration, trenching, grading and excavation 
Briefly describe land use around the water take, use, and return flow points (e.g. national park, recreational site, residential) 
 
Fairly remote region on the Seward Pennisula, uninhabitated, no adjacent communities or houses within 10.0 miles. 
Will project be worked in phases? State reason for completion date. 
No. 
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Briefly summarize your entire project. 
 

The proposed mining site is located just above the confluence of the Big Hurrah and Little Hurrah Creek.  The topography of Big 
Hurrah Creek is moderately steep approaching a 30% grade, with steeper rock slopes along sections of Little and Big Hurrah 
creeks.   The bottom of Little Hurrah Creek consists of thin alluvial/colluvial deposits.  The undelying rock consists of predominately 
structurally complex schist and marble with abundant alterations-related carbonate, quartz, and graphite associated with secondary 
gold mineralization along the veins. 
 
The Big Hurrah Mine facilities will include the following: one open pit gold mine, a satelite pit that will also be used for stockpiling 
ore,  a non-acid generating development rock dump, a temporary stockpile for potentially acid generating development rock to be 
backfilled in the pit at closure, truck maintenance shop, small administration building, explosive and fuel storage. 
 
The ore mining rate will be approximately 1,500 tonnes per day (tpd) and the stripping rate will be 5,000 tpd.  Ore will be stockpiled 
and delivered overland by truck to the Rock Creek Mill at an average rate of approximately 1000 tpd.  
 
The five (5) pit perimeter dewatering wells have a capacity of 360,000 gallons per day.  Water from pit perimeter dewatering wells 
will be reinjected in up to as many as seven (7) Class V injection wells locoated southeast of the mine pit.  Water will be treated to 
meet applicable water quality standards before reinjection. 
 
 

Attach extra page if needed 
References 
Coastal Zone Fee Schedule - Make checks payable to "Department of Revenue" 
If this appropriation is within the Coastal Zone, $ 50.00 For use of 5,000 GPD or less, 
and you are using more than 1,000 GPD from a $ 100.00 For use of more than 5,000 GPD but less than 30,000 GPD. 
surface source or 5,000 GPD from a subsurface $ 200.00 For use of 30,000 GPD or more but less than 100,000 GPD. 
source, you need to submit a completed Coastal $ 300.00 For use of 100,000 GPD or more but less than 500,000 GPD. 
Project Questionnaire. For more information $ 500.00 For use of 500,000 GPD or more but less than 1,000,000 GPD. 
on the Coastal Zone, contact the Division of $ 1,000.00 For use of 1,000,000 GPD or more except (see next line) 
Governmental Coordination; Anchorage 269- $ 1,500.00 For use of 1,000,000 GPD or more, outside of the hydrologic 
7470, Juneau 465-3562. unit from which it was removed (based on current USGS Hydrologic Unit 
 Map of Alaska). 
 $ 500.00 For use of any quantity of glacier ice. 
 Conversion Table 
Definitions 5,000 GPD=       30,000 GPD=     100,000 GPD=    500,000 GPD=   1,000,000 GPD= 
GPD = Gallons per day 0.01 CFS            0.05 CFS            0.2 CFS              0.8 CFS              1.5 CFS 
CFS = Cubic feet per second 3.47 GPM          20.83 GPM          69.4 GPM           347.2 GPM         694.4 GPM 
GPM = Gallons per minute 5.60 AFY           33.60 AFY           112.0 AFY           560.1 AFY          1120.1 AFY 
AFY = Acre-feet per year (325,851 gallons/year) 0.2 AFD             0.09 AFD             0.3 AFD              1.5 AFD              3.1 AFD 
AFD = Acre-feet per day (325,851 gallons/day) 0.01 MGD          0.03 MGD            0.1 MGD             0.5 MGD             1.0 MGD 
MGD = Million gallons per day  

 
The information presented in this application is true and correct to the best of my knowledge. I understand that no water right or priority 
is established per 11 AAC 93.210-220, that water use remains subject to appropriation by others, and that a temporary water use permit 
may be revoked if necessary to protect the water rights of other persons or the public interest. 
 

Signature  Date 

Name (please print)  Title 
    Charlotte Maccay Environmental Management, Project Manager 
 
 
January 2000 
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Pit Dewatering Water (200 mg/l As)
0.04 2.65 0.1
150.1 0.03 599.9 Milk of Lime to pH 9.5
150.1 1.00 600.0 Inline Mixer 0.2 2.65 0.3

0.8 20.00 3.2
1.0 1.14 3.5

Ferric Chloride (5 to 1)
0.2 2.65 0.3
0.8 20.00 3.2
1.0 1.14 3.5        Inline Mixer

Treated Water
0.0 2.60 0.0

151.3 0.00 604.6
151.3 0.00 604.6

Gypsum Sludge to Tailings
0.4 2.60 0.7
0.4 50.00 1.8
0.9 1.33 2.4 Meandering

Creek
or 
Aeration Tank
for Final pH
Adjustment

Locked in Paste

  Legend   Client   Project   Title Revision L
solids stph sp.g. solids solids gpm

soln gpm soln stph % solids soln gpm

slurry stph sp.g slurry slurry gpm

Au oz./st Au oz./hr Project No 1014 Date  5/26/06 Figure E

Water Treatment Sediment 
Pond

2 acre by 12 feet deep or 25 
foot dia Clarifier

Paste Thickener (mixed with 
Tailings)

Alaska Gold Company Rock Creek 
Project

To Infiltration or Discharge
<10 ppb As

Mine Water Treatment Material 
Balance

              Pennstrom Consulting
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S:\PROJECTS\1011A - rock creek final design\h2 - design\infiltration system design\industrial infiltration gallery design.doc 

SMITH WILLIAMS CONSULTANTS, INC.

304 Inverness Way South  Suite 490  Englewood, Colorado 80112-5828 
Phone:  (303) 433-0262   Fax:  (303) 433-0362   www.goswc.com  

May 26, 2006 Project 1011A 

 
 
 
Mr. Doug Nicholson 
Alaska Gold Company 
115 Sixth Avenue 
Nome, Alaska 99762 
 
Re: Rock Creek Project 

Design of Industrial Infiltration Gallery 
 
Dear Doug: 
 
Alaska Gold Company (AGC) commissioned Smith Williams Consultants, Inc. (Smith Williams) 
to complete a design of an Infiltration Gallery at the Rock Creek Project to accommodate a 
portion of the flow from the pit dewatering efforts.  Location of the Infiltration Gallery, as it 
relates to other elements of the project, is presented on Figure 1; and layout of the system is 
presented on Figure 2.  The pit dewatering flow will be treated to aquatic life standards and 
disposed of through deep injection wells and through use of the Infiltration Gallery that is the 
subject of the design effort.  The deep injection wells are not addressed in this design effort.  

The bulk of the pit dewatering water will be reinjected via deep injection wells placed around the 
site.  The remainder of the pit dewatering flow will be directed to the Infiltration Gallery and is 
estimated to be 100 gpm (144,000 gallons per day based on the site-wide water balance 
performed by Water Management Consultants (WMC) and presented in their document entitled 
“Rock Creek Mine Project, Water Management Report,” dated April 2006).  This design flow is 
considered a maximum but has been used as an average flow to size the Infiltration Gallery to 
allow for some conservatism in the design.  It should be noted that all of the pit dewatering water 
will be treated to meet aquatic life standards prior to reintroduction into the groundwater regime, 
either via deep injection or via the Infiltration Gallery. 

Based on discussions with the Alaska Department of Environmental Control (ADEC), the 
Infiltration Gallery was to be designed to meet general requirements outlined in the ADEC 
document entitled “Installers Manual for Conventional Onsite Domestic Wastewater Treatment 
and Disposal Systems,” dated August 1, 2000.  It is recognized that the system design presented 
herein is not a domestic waste system, but the rationale for the design was adopted from the 
manual cited above to size the system.  The only variance comes from a discussion with 
Mr. Luke Boles of the ADEC during which the 4-foot buffer between the groundwater and the 
bottom of the system, required by the manual, was waived since the flow directed to the system 
will not include domestic waste. 

To investigate the area of the proposed Infiltration Gallery, WMC and AGC drilled test borings 
and dug test pits adjacent to the borings to allow percolation testing of the substrate in the area of 



 
May 26, 2006 
Project 1011A 

Rock Creek Project
Design of Industrial Infiltration Gallery

 

S:\PROJECTS\1011A - rock creek final design\h2 - design\infiltration system design\industrial infiltration gallery design.doc 2

SMITH WILLIAMS CONSULTANTS, INC.

the proposed Infiltration Gallery.  Locations of the test borings are presented on Figure 2 and 
logs can be referenced in Appendix A.  Test pits referenced later in this text were excavated 
immediately adjacent to the test boring locations to allow percolation testing of the shallow 
alluvium.  Based on the field investigation, the substrate consists of silty to clayey sands and 
gravels overlying schist bedrock.  The sands and gravels range between 17 and 30+ feet in depth, 
and static groundwater was encountered at depths between 5.7 and 15 feet in the area of the 
Infiltration Gallery.  Percolation rates in the shallow alluvium (performed in test pits) ranged 
between 2.14 and 5.34 minutes per inch.  Percolation rates can be referenced in Appendix B 
(p. 12).  Based on this information, we have selected a design percolation rate of 5.34 minutes 
per inch.  Using the leach field sizing methodology defined in the ADEC document cited above, 
we have calculated the required area for the Infiltration Gallery to be 180,000 square feet.  A 
summary of the sizing calculation is presented below: 

1. Flow Rate = 100 gpm = 144,000 gallons per day 

2. Percolation Rate Range 2×10-4 m/s (2.14 min/in.) to 5×10-5 m/s (5.34 min/in.) 1  

3. Wastewater application rates from percolation test results (Alaska regulations, 
Reference A):  Application Rate = 1.2 gal/day/ft² (based on percolation = 
5.34 min/in.) 

Use 0.8 due to uncertainty in percolation rates. 

Sizing of gallery area (A):  acresft
ftdaygal
daygalA 13.4000,180

//8.0
/000,144 2

2 ===  

Assume an approximate 22% area increase for a safety factor. 

∴ Required Area = 220,000 ft². 

Area lost to berms between cells = 30,000 ft². 

Total Area Required = ~250,000 ft² ⇒  500 ft × 500 ft. 

Sections and details of the Infiltration Gallery can be referenced on Figures 3 and 4.  To optimize 
the use of the area shown, we have designed the Infiltration Gallery as a multiple-cell (five cells) 
tiered facility.  The elevation of any individual cell base is approximately 3 feet lower than the 
adjacent upgradient cell.  This allows solutions to fill one cell to a depth of approximately 2 feet 
before spillage occurs into the next cell.  Assuming a total porosity in the drain rock to be placed 
in the cells of 30 percent, each cell has approximately 1.6 days of storage at 100 gpm.  As one 
cell fills, it will cascade into the next via a spillway that will also be rock filled, the intent of 
which is to provide some holding capacity in each of the cells.  That being said, piped 

                                                 
1 As reported by WMC. 
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distribution of infiltration flows only occurs in cell 1.  Thereafter, these flows will cascade 
through to the other cells via the drainage rock situated in the spillway areas and in the base of 
each cell.  An 8-ounch non-woven needle-punched geotextile will be placed on top of the drain 
gravel, and 6 feet of frost protection (native material from excavation of the Infiltration Gallery) 
will be placed on top of the drain rock to prevent freezing of the system.  

If there are questions regarding the Infiltration Gallery design presented herein, please contact 
this office at your earliest convenience. 

Sincerely, 
 
Smith Williams Consultants, Inc. 
 
 
 
R. Michael Smith, P.E. 
President 
 
RMS:rjg 
Attachments 
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(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown GM-SM Top 1' frozen;

seasonal frost

5 10 greyish
brown GM-SM

10 15 blackish
grey GM-SM Boring caved from

-12.5' → 8'

15 20 Bedrock

20 25 Static H2O -7.34'
on 5-22-05

25 30

30 35

Total Depth:  12.5-feet
Static Water Level:  -5.20-ft on 5-25-05 

Geologist:  William M. Kulash

Start Date:  May 22, 2005
Completion Date:  May 22, 2005Easting:  478835

Rock Creek Injection Gallery-Test Borings

Northing:  7164472
Elevation:

Boring Diameter: 7-inches

PVC Pipe Diameter:  6-inches
Screen Slot Size: 0.02
Screened Interval: 8' → surface   
Blank Interval: none 

Coordinates are UTM; NAD 83; Zone 3; m

Boring ID:  RKIG-TB1

Sample
Number

RKIG-TB1
0'-5'

RKIG-TB1
5'-10'

RKIG-TB1
10'-12.5'

Description of
Lithology

Micaceous silty sandy gravels; Grvls. are poorly graded, 
med. grained, subangular → subrounded; Moist

Micaceous silty sandy gravels; Grvls. are poorly graded, 
med. grained, subangular → subrounded; Moist to wet

Micaceous silty sandy gravels; grvls. Are poorly graded, 
med. to coarse grained, subangular → subrounded; Coarse 
grvl. lense at ≈ 9.0' → 12.5'; Wet

Bedrock at 12.5'; weathered graphtic mucovite schist (GMS)



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown GM-SM Top 1' frozen;

seasonal frost

5 10 greyish
brown GM-SM

10 15 greyish
brown GM-SM

15 20 greyish
brown

GM-SC
Bedrock

Boring kept caving; installed 
15' of 8" surface casing/
removed after PVC installed. 
Boring caved from -18.0' → 
15'

20 25 Static H2O -6.35'
on 5-22-05

25 30

30 35

RKIG-TB2
15'-18.0'

15' → 17.5' coarse grvls. with clay & silty sand 
Bedrock at 17.5'; weathered graphtic mucovite schist 
(GMS)

RKIG-TB2
5'-10'

Micaceous silty sandy gravels; Grvls. are poorly graded, 
small → med. size, subangular → subrounded; Moist to 
wet

RKIG-TB2
10'-15'

Micaceous silty sandy gravels; grvls. are poorly graded, 
med. to coarse grained, subangular → subrounded; 
Coarse grvl. lense at ≈ 9.0' → 12.5'; Wet; water 
incountered at ≈ 15'

Sample
Number

Description of
Lithology

RKIG-TB2
0'-5'

Micaceous silty sandy gravels, small amount of organics; 
Grvls. are poorly graded, med. grained, subangular → 
subrounded; Moist

Northing:  7164468 Screened Interval: 15' → 5'   Total Depth:  18.0-feet
Elevation: Blank Interval: 5' → surface Static Water Level:  -5.98-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 22, 2005
Easting:  478803 Screen Slot Size: 0.02 Completion Date:  May 22, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB2 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown SM Frozen to ≈ 5'

5 10 greyish
brown GM-SM Thawed

10 15 greyish
brown GM-SM Saturated at -15'

15 20 greyish
brown GM-SM

Boring kept caving; 
installed 15' of 8" 
surface casing/removed 
after PVC installed.  
Boring caved from -26.5' 
→ 21'

20 25 greyish
brown GM-SM

25 30 blackish
grey Bedrock

30 35

RKIG-TB3
25'-30' Bedrock at -26.-feet; Weathered GMS

RKIG-TB3
15'-20'

Micaceous silty sandy gravels; grvls. are poorly graded, med. 
→ coarse, subangular → subrounded; Saturated

RKIG-TB3
20'-25'

Micaceous silty sandy gravels; grvls. are poorly graded, med. 
→ coarse, subangular → subrounded; Saturated

RKIG-TB3
5'-10'

Micaceous silty sandy gravels; Grvls. are small, poorly 
graded, subangular → subrounded; Moist to wet; Thawed

RKIG-TB3
10'-15'

Micaceous silty sandy gravels; grvls. are poorly graded, med. 
→ coarse, subangular → subrounded;  Wet; Saturated at 15'

Sample
Number

Description of
Lithology

RKIG-TB3
0'-5' Micaceous silty fine → medium grained sand; Frozen

Northing:  7164476 Screened Interval: 21' → 11'   Total Depth:  26.5-feet
Elevation: Blank Interval: 11' → surface Static Water Level:  -6.50-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 22, 2005
Easting:  478766 Screen Slot Size: 0.02 Completion Date:  May 22, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB3 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown SM-GM Thawed

5 10 greyish
brown GM-SM

At ≈ 7' → 10' 
encountered
boulders & coarse grvls.

10 15 greyish
brown GM-SM

15 20 greyish
brown GM-SM

Boring kept caving; 
installed 20' of 8" surface 
casing/removed after 
PVC installed.

20 25 greyish
brown GM-SM

25 30 greyish
brown GM-SM Boring caved from

-35' → 25.5'

30 35 blackish
grey Bedrock

RKIG-TB4
25'-30'

Micaceous silty sandy gravels; grvls. are poorly graded, coarse, 
subangular → subrpounded; Saturated
Bedrock at -29'; weathered GMS

RKIG-TB4
30'-35' Bedrock becoming more competant at -34'

RKIG-TB4
15'-20'

Micaceous silty sandy gravels; grvls. are poorly graded, coarse, 
subangular → subrpounded; Saturated

RKIG-TB4
20'-25'

Micaceous silty sandy gravels; grvls. are poorly graded, coarse, 
subangular → subrpounded; Saturated

RKIG-TB4
5'-10'

Micaceous silty sandy gravels; Grvls. are poorly graded, med. 
→ coarse, subangular → subrounded;  Wet

RKIG-TB4
10'-15'

Micaceous silty sandy gravels; grvls. are poorly graded, coarse, 
angular → subangular; Wet

Sample
Number

Description of
Lithology

RKIG-TB4
0'-5'

Micaceous silty med. grained sand with gravels; Grvls. are 
poorly graded, subangular → subrounded; Moist

Northing:  7164461 Screened Interval: 25.5' → 15.5   Total Depth:  35-feet
Elevation: Blank Interval: 15.5' → surface Static Water Level:  -5.70-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 23, 2005
Easting:  478730 Screen Slot Size: 0.02 Completion Date:  May 23, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB4 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown SM-GM

0' → 3' silty sand with small 
amount of grvl.
3' → 7' grvl with silty sand

5 10 greyish
brown GM-SM At ≈ 7' → 15' increase in 

coarse grvls.

10 15 greyish
brown GM-SM

15 20 greyish
brown GM-SM

Boring kept caving; 
installed 20' of 8" surface 
casing/removed after PVC 
installed.

20 25 greyish
brown GP Q ≈ 30 gpm at -20'

25 30 greyish
brown GP Q ≈ 30 gpm

30 35 greyish
brown

Possible
Bedrock
at -32'

Q ≈ 35 gpm at -35'
Boring caved from
-35' → 28.5'

RKIG-TB5
25'-30'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably 
washed out from smpl.

RKIG-TB5
30'-35'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Possible bedrock at -32'

RKIG-TB5
15'-20'

Micaceous silty sandy gravels; grvls. are poorly graded, med. 
→ coarse, angular → subangular; Saturated

RKIG-TB5
20'-25'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably 
washed out from smpl.

RKIG-TB5
5'-10'

Micaceous silty sandy gravels; Grvls. are poorly graded, 
coarse, subangular → subrounded;  Wet

RKIG-TB5
10'-15'

Micaceous silty sandy gravels; Grvls. are poorly graded, 
coarse, subangular → subrounded;  Wet

Sample
Number

Description of
Lithology

RKIG-TB5
0'-5'

Micaceous silty med. grained sand with gravels; Grvls. are 
poorly graded, subangular → subrounded; Moist

Northing:  7164445 Screened Interval: 28.5' → 18.5'  Total Depth:  35-feet
Elevation: Blank Interval: 18.5' → surface Static Water Level:  -6.00-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 24, 2005
Easting:  478716 Screen Slot Size: 0.25" (hand drilled) Completion Date:  May 24, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB5 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown SM Frozen to depth of ≈ 5-ft

5 10 greyish
brown GM-SM Thawed; Wet

10 15 greyish
brown GM-SM

15 20 greyish
brown GM-SM

Boring kept caving; 
installed 20' of 8" surface 
casing/removed after PVC 
installed.

20 25 greyish
brown GP Q ≈ 30 gpm at -20'

25 30 greyish
brown GP Q ≈ 30 gpm

30 35 greyish
brown

Possible
Bedrock
at -33'

Q ≈ 30 gpm at -35'
Boring caved from
-35' → 21'

RKIG-TB6
25'-30'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably 
washed out from smpl.

RKIG-TB6
30'-35'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Possible bedrock at -33'

RKIG-TB6
15'-20'

Micaceous silty sandy gravels; Grvls. are poorly graded, 
coarse, subangular → subrounded;  Saturated

RKIG-TB6
20'-25'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably 
washed out from smpl.

RKIG-TB6
5'-10'

Micaceous silty sandy gravels; Grvls. are poorly graded, med. 
→ coarse, subangular → subrounded;  Wet

RKIG-TB6
10'-15'

Micaceous silty sandy gravels; Grvls. are poorly graded, 
coarse, subangular → subrounded;  Saturated

Sample
Number

Description of
Lithology

RKIG-TB6
0'-5' Micaceous silty fine grained sand; Frozen; moist → wet

Northing:  7164426 Screened Interval: 21' → 11'   Total Depth:  35-feet
Elevation: Blank Interval: 11' → surface Static Water Level:  -4.81-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 24, 2005
Easting:  478678 Screen Slot Size: 0.25" (hand drilled) Completion Date:  May 24, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB6 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown GC Frozen to depth of ≈ 2',

seasonal frost

5 10 greyish
brown GC

10 15 greyish
brown GC At ≈ 13' gravel content 

increasing

15 20 greyish
brown GC

Boring kept caving; 
installed 20' of 8" surface 
casing/removed after PVC 
installed.

20 25 greyish
brown GC Q ≈ 20 gpm at -20'

25 30 greyish
brown GP Q ≈ 20 gpm

30 35 greyish
brown

Possible
Bedrock
at -33'

Q ≈ 25 gpm at -35'
Boring caved from
-35' → 22'

RKIG-TB7
25'-30'

Sandy gravels; grvls. are poorly graded, med. → coarse, angular 
→ subangular; Saturated; Silt fraction probably washed out from 
smpl.

RKIG-TB7
30'-35'

Sandy gravels; grvls. are poorly graded, med. → coarse, angular 
→ subangular; Saturated; Silt fraction probably washed out from 
smpl.

RKIG-TB7
15'-20'

med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Saturated

RKIG-TB7
20'-25'

med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Saturated

RKIG-TB7
5'-10'

med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Clay content has increased; 
Wet

RKIG-TB7
10'-15'

med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Wet

Sample
Number

Description of
Lithology

RKIG-TB7
0'-5'

med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Wet

Northing:  7166167 Screened Interval: 22' → 12'   Total Depth:  35-feet
Elevation: Blank Interval: 12' → surface Static Water Level:  -7.62-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 25, 2005
Easting:  478471 Screen Slot Size: 0.25" (hand drilled) Completion Date:  May 25, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB7 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown SC-GC Frozen to depth of ≈ 2',

seasonal frost

5 10 greyish
brown GC

10 15 greyish
brown GC At ≈ 13' gravel content 

increasing

15 20 greyish
brown GC

Boring kept caving; 
installed 20' of 8" surface 
casing/removed after PVC 
installed

20 25 greyish
brown GC Q ≈ 20 gpm at -20'

25 30 greyish
brown GP

30 35 greyish
brown

Possible
Bedrock
at -33'

Q ≈ 20 gpm at -35'
Boring caved from
-35' → 22'

RKIG-TB8
25'-30'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably washed 
out from smpl.

RKIG-TB8
30'-35'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably washed 
out from smpl.

RKIG-TB8
15'-20'

Coarse grvls with clayey silty sand; Grvls. are poorly sorted, 
subangular → subrounded; Saturated

RKIG-TB8
20'-25'

Coarse grvls with clayey silty sand; Grvls. are poorly sorted, 
subangular → subrounded; Saturated

RKIG-TB8
5'-10'

Med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Clay content has increased; 
Wet

RKIG-TB8
10'-15'

Coarse grvls with clayey silty sand; Grvls. are poorly sorted, 
subangular → subrounded; Wet

Sample
Number

Description of
Lithology

RKIG-TB8
0'-5'

Sand with clayey silty and small amount of poorly sorted, 
subangular → subrounded grvls; Wet

Northing:  7166145 Screened Interval: 21.5' → 15.5'  Total Depth:  35-feet
Elevation: Blank Interval: 15.5' → surface Static Water Level:  -5.02-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 25, 2005
Easting:  478432 Screen Slot Size: 0.25" (hand drilled) Completion Date:  May 25, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB8 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown GC Frozen to depth of ≈ 2',

seasonal frost

5 10 greyish
brown GC-CL

10 15 greyish
brown GC-CL

15 20 greyish
brown GC-CL

Boring kept caving; 
installed 20' of 8" surface 
casing/removed after PVC 
installed.

20 25 greyish
brown GP Q ≈ 25 gpm at -20'

25 30 greyish
brown GP Q ≈ 30 gpm at -20'

30 35 greyish
brown

Possible
Bedrock
at -33'

Q ≈ 30 gpm at -35'
Boring caved from
-35' → 22'

RKIG-TB9
25'-30'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably 
washed out from smpl.

RKIG-TB9
30'-35'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably 
washed out from smpl.

RKIG-TB9
15'-20'

Med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Small clay & micaceous 
silt lenses; Saturated

RKIG-TB9
20'-25'

Sandy gravels; grvls. are poorly graded, med. → coarse, 
angular → subangular; Saturated; Silt fraction probably 
washed out from smpl.

RKIG-TB9
5'-10'

Med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Small clay & micaceous 
silt lenses; Saturated

RKIG-TB9
10'-15'

Med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Small clay & micaceous 
silt lenses; Saturated

Sample
Number

Description of
Lithology

RKIG-TB9
0'-5'

Med. → coarse grvls with clayey silty sand; Grvls. are poorly 
sorted, subangular → subrounded; Wet

Northing:  7166111 Screened Interval: 23' → 13'   Total Depth:  35-feet
Elevation: Blank Interval: 13' → surface Static Water Level:  -4.20-ft on 5-25-05 

Coordinates are UTM; NAD 83; Zone 3; m
PVC Pipe Diameter:  6-inches; 6" broke
when pulling casing, installed 4" inside Start Date:  May 25, 2005

Easting:  478401 Screen Slot Size: 0.25" (hand drilled) Completion Date:  May 25, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB9 Boring Diameter: 7-inches Geologist:  William M. Kulash



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
green GC Frozen to depth of ≈ 1',

seasonal frost

5 10 greyish
green

GC
Bedrock

Bedrock at -8-ft.; 
Weathered chloritic 
schist

10 15

15 20

20 25

25 30

30 35

RKIG-TB10
5'-10'

Med. → coarse grvls with clayey silty sand; Saturated
Bedrock at -8'; Weathered chloritic schist

Sample
Number

Description of
Lithology

RKIG-TB10
0'-5' Med. → coarse grvls with clayey silty sand; Wet

Northing:  7165990 Screened Interval: 8' → surface   Total Depth:  10-feet
Elevation: Blank Interval: none Static Water Level:  -5.00-ft on 5-26-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 26, 2005
Easting:  478504 Screen Slot Size: 0.25" (hand drilled) Completion Date:  May 26, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB10 Boring Diameter: 7-inches Geologist:  John Lamborn



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
green GC Frozen to depth of ≈ 1',

seasonal frost

5 10 greyish
green GC Q ≈ 5 gpm at -8'

10 15 GC

15 20 GC Possible bedrock at -17'.; 
Weathered chloritic schist

20 25 Q ≈ 15 gpm at -23'

25 30

30 35

No sample;
Groundwater 
washed away 

smpl

Med. → coarse grvls with clayey silty sand; Saturated
Possible bedrock at -17'; Weathered chloritic schist

RKIG-TB11
20'-25' TD at 23'

RKIG-TB11
5'-10' Med. → coarse grvls with clayey silty sand; Saturated

RKIG-TB11
10'-15' Med. → coarse grvls with clayey silty sand; Saturated

Sample
Number

Description of
Lithology

RKIG-TB11
0'-5' Med. → coarse grvls with clayey silty sand; Wet

Northing:  7165977 Screened Interval: 20' → 10'  Total Depth:  23-feet
Elevation: Blank Interval: 10' → surface Static Water Level:  Surface on 5-26-05 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter:  6-inches Start Date:  May 26, 2005
Easting:  478472 Screen Slot Size: 0.25" (hand drilled) Completion Date:  May 26, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB11 Boring Diameter: 7-inches Geologist:  John Lamborn



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 brnish
grey GC gravels composed of 

schist

5 10 brnish
grey GC

10 15 brnish
orange GC encountered water at 15-ft

15 20 brnish
orange GC

Bedrock at -17'; 
weathered schist; T.D. 20-
ft.

20 25 Q ≈ 1 → 2 gpm at -20-ft

25 30

30 35

RKIG-TB12
15'-20'

Small → med sized grvls (< 3/4") with clayey silt; moderate 
FeOx staining;  grvls are subrounded; bedrock at 17-ft

RKIG-TB12
5'-10'

Small → med sized grvls (< 3/4") with clayey silt; grvls are 
subrounded

RKIG-TB12
10'-15'

Small → med sized grvls (< 3/4") with clayey silt; moderate 
FeOx staining; grvls are subrounded

Sample
Number

Description of
Lithology

RKIG-TB12
0'-5'

Small → med sized grvls (< 3/4") with clayey silt; grvls are 
subrounded

Northing:  7164474 Screened Interval: No pipe installed  Total Depth:  20-feet
Elevation: Blank Interval: No pipe installed Static water level: ≈ 15-feet; Q=1→2 gpm

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 18, 2005
Easting:  478733 Screen Slot Size: No pipe installed Completion Date:  August 18, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB12 Boring Diameter: 7-inches Geologist:  John Lamborn



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 Brown OL

5 10 Brown GC

10 15 brownish
orange GC encountered water at 15-ft

15 20 brownish
orange GC Bedrock at -16'.; Schist

T.D. 17-feet; Q ≈ 2 gpm

20 25

25 30

30 35

RKIG-TB13
15'-17'

clayey sandy grvls; grvls are angular → subangular:  Bedrock 
at 16-ft

RKIG-TB13
5'-10' clayey sandy grvls; grvls are subrounded

RKIG-TB13
10'-15'

clayey sandy grvls; grvls are angular → subangular; poorly 
sorted

Sample
Number

Description of
Lithology

RKIG-TB13
0'-5' Loess with organics

Northing:  7164470 Screened Interval: No pipe installed  Total Depth:  17-feet
Elevation: Blank Interval: No pipe installed Static Water Level:  ≈ 15-feet; Q ≈ 2 gpm

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 18, 2005
Easting:  478784 Screen Slot Size: No pipe installed Completion Date:  August 18, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB13 Boring Diameter: 7-inches Geologist:  John Lamborn



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 brown GC

5 10 brown GC 1st water at 5-ft.

10 15 brown GC T.D. 15-feet; did not drill to 
bedrock, boring caving

15 20

20 25

25 30

30 35

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB14 Boring Diameter: 7-inches Geologist:  John Lamborn

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 18, 2005
Easting:  478810 Screen Slot Size: No pipe installed Completion Date:  August 18, 2005
Northing:  7164300 Screened Interval: No pipe installed  Total Depth:  15-feet
Elevation: Blank Interval: No pipe installed Static water level: surface; Q ≈ 2→3 gpm

Sample
Number

Description of
Lithology

RKIG-TB14
0'-5' sandy clayey gravels with silt and organics; saturated

RKIG-TB14
5'-10' sandy clayey gravels with silt; saturated

RKIG-TB14
10'-15' sandy clayey gravels with silt; saturated



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 Dark grey GC

5 10 greyish
brown GC 1st water at 10-ft.

10 15 greyish
brown GC T.D. 15-feet; did not drill to 

bedrock

15 20

20 25

25 30

30 35

RKIG-TB15
5'-10' sandy clayey gravels with silt; saturated; grvls < 1-inch

RKIG-TB15
10'-15' sandy clayey gravels with silt; grvls < 1-inch

Sample
Number

Description of
Lithology

RKIG-TB15
0'-5' sandy clayey gravels with silt and organics; grvls < 1-inch

Northing:  7164144 Screened Interval: No pipe installed  Total Depth:  15-feet
Elevation: Blank Interval: No pipe installed Static Water Level:   

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 18, 2005
Easting:  478815 Screen Slot Size: No pipe installed Completion Date:  August 18, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB15 Boring Diameter: 7-inches Geologist:  John Lamborn



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 Dark
grey GC

5 10 brnish
grey GC

1st water at 5-ft

.

10 15 brnish
grey GC

15 20 brnish
grey GC

T.D. 20-feet; did not drill to 
bedrock; boring caving;
Q ≈ 5 gpm

20 25

25 30

30 35

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB16 Boring Diameter: 7-inches Geologist:  John Lamborn

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 19, 2005
Easting:  478598 Screen Slot Size: No pipe installed Completion Date:  August 19, 2005
Northing:  7164370 Screened Interval: No pipe installed  Total Depth:  20-feet
Elevation: Blank Interval: No pipe installed Static Water Level:  ≈ 5-ft ; Q ≈ 5 gpm

Sample
Number

Description of
Lithology

RKIG-TB16
0'-5' clayey sandy gravels with silt and organics; grvls < 1/2-inch

RKIG-TB16
5'-10' clayey sandy gravels with silt; saturated; grvls < 1/2-inch

RKIG-TB16
10'-15' clayey sandy gravels with silt; grvls < 1/2-inch

RKIG-TB16
15'-20'

clayey sandy gravels with silt; grvls < 1/2-inch
T.D. 20-feet



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 Dark grey GC

5 10 greyish
brown GC 1st water at 10-ft.

10 15 greyish
brown GC

15 20 greyish
brown GC T.D. 20-feet; did not drill to 

bedrock; boring caving

20 25

25 30

30 35

RKIG-TB17
15'-20' clayey, silty, sandy gravels; grvls are coarse 1 → 1 1/2-inch

RKIG-TB17
5'-10' clayey, silty, sandy gravels with silt; grvls < 1-inch

RKIG-TB17
10'-15' clayey, silty, sandy gravels with silt; grvls < 1-inch

Sample
Number

Description of
Lithology

RKIG-TB17
0'-5' clayey, silty, sandy gravels and organics; grvls < 1/2-inch

Northing:  7164582 Screened Interval: No pipe installed  Total Depth:  20-feet
Elevation: Blank Interval: No pipe installed Static Water Level:  unknown; Q ≈ 5 gpm

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 19, 2005
Easting:  478583 Screen Slot Size: No pipe installed Completion Date:  August 19, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB17 Boring Diameter: 7-inches Geologist:  John Lamborn



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 Dark grey GM frozen; permafrost

5 10 Dark grey GM frozen; permafrost

10 15 Dark grey GM Bedrock at 13-ft; frozen; 
permafrost T.D. 13.5-feet

15 20

20 25

25 30

30 35

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB18 Boring Diameter: 7-inches Geologist:  John Lamborn

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 19, 2005
Easting:  478582 Screen Slot Size: No pipe installed Completion Date:  August 19, 2005
Northing:  7164771 Screened Interval: No pipe installed  Total Depth:  13.5-feet
Elevation: Blank Interval: No pipe installed Static Water Level: frozen; permafrost 

Sample
Number

Description of
Lithology

RKIG-TB18
0'-5' silty gravels; grvls < 1-inch; frozen

RKIG-TB18
5'-10' silty gravels; grvls < 1-inch; frozen

RKIG-TB18
10'-15'

silty gravels; grvls < 1-inch; frozen
Bedrock at 13-feet



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 greyish
brown SC

5 10 greyish
brown GC 1st water at 10-ft

10 15 greyish
brown GC

15 20 greyish
brown GC

T.D. 20-feet; did not drill to 
bedrock; boring caving;
Q ≈ 10 gpm

20 25

25 30

30 35

RKIG-TB19
15'-20'

clayey, silty sand with gravel; grvls < 1 1/2-inch
T.D. 20-feet

RKIG-TB19
5'-10' clayey, silty sand with gravel; grvls < 1 1/2-inch

RKIG-TB19
10'-15' clayey, silty sand with gravel; grvls < 1 1/2-inch

Sample
Number

Description of
Lithology

RKIG-TB19
0'-5' clayey, silty, fine grained sand

Northing:  7164190 Screened Interval: No pipe installed  Total Depth:  20-feet
Elevation: Blank Interval: No pipe installed Static Water Level: ≈ 10-feet; Q ≈ 10 gpm 

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 19, 2005
Easting:  478599 Screen Slot Size: No pipe installed Completion Date:  August 19, 2005

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB19 Boring Diameter: 7-inches Geologist:  John Lamborn



(Feet)
From

(Feet)
To

Color USCS Comments

0 5 orange
brown GC

5 10 orange
brown GC

10 15 orange
brown GC 1st water at 15-ft.

15 20 orange
brown GC T.D. 20-feet; did not drill to 

bedrock; boring caving

20 25

25 30

30 35

Rock Creek Injection Gallery-Test Borings

Boring ID:  RKIG-TB20 Boring Diameter: 7-inches Geologist:  John Lamborn

Coordinates are UTM; NAD 83; Zone 3; m PVC Pipe Diameter: No pipe installed Start Date:  August 19, 2005
Easting:  478619 Screen Slot Size: No pipe installed Completion Date:  August 19, 2005
Northing:  7164084 Screened Interval: No pipe installed  Total Depth:  20-feet
Elevation: Blank Interval: No pipe installed Static Water Level: ≈ 10-feet; Q ≈ 10 gpm 

Sample
Number

Description of
Lithology

RKIG-TB20
0'-5' silty, sandy gravels; grvls are tabular → subangular; < 1 1/2-inch

RKIG-TB20
5'-10'

silty, sandy gravels; grvls are tabular → subangular; < 1 1/2-
inch

RKIG-TB20
10'-15'

silty, sandy gravels; grvls are tabular → subangular; < 1 1/2-
inch

RKIG-TB20
15'-20'

silty, sandy gravels; grvls are tabular → subangular; < 1 1/2-
inch
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