














Chuitna Coal Project – 2007 Freshwater Aquatic Biology Study Program DRven Corporation 

 

11/24/2009  8 

 

 

- Page Intentionally Left Blank - 
 
 
 



Chuitna Coal Project – 2007 Freshwater Aquatic Biology Study Program

 

11/24/2009  9 

 

White (1993), among others, conceptualized a longitudinal flow path between surface and 
subsurface waters at the pool-riffle-pool sequence whereby downwelling occurs at the concave 
pool tail-out (transition to glide) and upwelling occurs at the convex bedform characterized by 
riffle habitat. Irregularities in channel shape, slope, substrate porosity and lateral influence on 
hydraulic head from adjacent uplands may account for the non-conformity with conceptual 
models.  
Kh also exhibited a high degree of spatial complexity longitudinally in reach 2003-PH3 (Figure 
3.8-8). Kh ranged in value from a minimum of 2.4 x 10-7 cm/sec to a maximum of 5.9 x 10-2 
cm/sec with an average of 2.4 x 10-2 cm/sec. The minimum Kh at site 2003-PH3 was three 
orders of magnitude lower than the minimum Kh in reach 2003-PH2. Irregularities in channel 
substrate material and slope likely account for the spatial complexity in Kh in reach 2003-PH3.  
Adult coho salmon were actively spawning after installation of the piezometers in reach 2003-
PH3. Twelve redds were observed in reach 2003-PH3 between piezometer No. 1 and No. 50. 
Additional redds were observed upstream and downstream of the piezometers. Nine of the 
twelve redds were located in areas with a negative VHG between -0.001 and -0.250 indicating 
hydrologic downwelling. A tenth redd was located in the middle of four piezometers; 
piezometers Nos. 2 and 3 upstream and Nos. 9 and 10 downstream. Piezometer Nos. 2 and 3 
had positive VHG values while piezometer Nos. 9 and 10 had negative VHG values. Redds 
eleven and twelve were located directly upstream of a cluster of piezometers (Nos. 19, 20 and 
21). VHG values were not measured at this location but presumed to be negative given the 
VHG values of the piezometers directly downstream and the bedform topography.  
The 2007 piezometer investigation on stream 2003 documented the presence of hydrologic 
exchange between surface water and the interstitial sub-surface water. Habitat scale 
investigations demonstrated that there is nearly continuous exchange between surface and sub-
surface water in the Rosgen C channel study reaches composed largely of gravel and sand 
substrate material. The direction of exchange, upwelling verses downwelling, was bidirectional 
driven by slope in the channel bedform, substrate composition, and slope of adjacent uplands. 
Most adult coho salmon selected downwelling zones for spawning with moderate hydraulic 
conductivity. Reach and watershed scale investigations were undertaken to delineate broader 
spatial patterns in hydrologic exchange. Preliminary work at these larger scales documented 
spatial grouping of temperature gradients suggesting hydrologic exchange processes driven by 
landscape scale features. Hydrologic exchange has been shown to be an important factor 
influencing stream ecological processes in particular nutrient cycling, benthic algae productivity 
and benthic macroinvertebrate distribution (Boulton 1993; Stanford and Ward 1993; Brunke and 
Gonser 1997, Boulton et al. 1998) not to mention the importance for fish spawning (Bjornn and 
Reiser 1991).  
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Figure 3.8-3. VHG measured at 47 piezometers installed in reach 2003-PH2, September 
22-24, 2007.  
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Figure 3.8-4. Longitudinal profile of VHG in reach 2003- PH2, September 22-24, 2007. 
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Figure 3.8-5. Kh measured at 47 piezometers in reach 2003- PH2, September 22-24, 2007. 
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Figure 3.8-6. VHG measured at 50 piezometers installed in reach 2003-PH3, September 
19-22, 2007. 
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Figure 3.8-7. Longitudinal profile of VHG in reach 2003-PH3, September 19-22, 2007. 
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Figure 3.8-8. Kh measured at 50 piezometers in reach 2003-PH3, September 19-22, 2007. 
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Chuitna Coal Project Springs Water Quality Summary 
Report 
 

 

Methods 
Five representative springs were selected from springs and seeps located during temperature profile reach 
surveys conducted by Oasis earlier in August of 2009.  The springs were selected to represent both broad 
aerial distribution as well as cover the range of size of springs.  The selected sites are shown below on  
Table 1.  

On September 28th and 29th, 2009, field work was conducted to collect water quality samples from the 
springs and sent to a lab for analysis.  Each spring was located from the air with GPS coordinates and a 
map in order to collect a grab sample for water quality analysis. Two springs in Stream 2002 and 2004 
were sampled and one in Stream 2003. Only springs located on the proposed mine side of each stream 
were sampled, in order to obtain water quality data from the aquifer from within the mine boundary area.  
Photographs were taken from the air and on the ground for each spring sampled. 

Table 1. Spring, relative flow and location sampled for water quality within the Chuit River watershed 
Spring Relative size and flow Discharge to Stream Location from stream Comments 
S76 moderate 2002 west bank 
S27 heavy 2002 west bank several inlets into main spring channel 
S36 low 2003 west bank seep like 
S68 moderate 2004 east bank 
S200 low 2004 east bank seep like 

 

Grab samples and one duplicate were collected at the spring discharge point into the stream. Samples 
were analyzed for general water quality and total and dissolved metals (Table 2). The dissolved metal 
samples were filtered in the field with a peristaltic pump and 0.45 micron filter within 15 minutes of the 
collection time as per EPA sampling protocols. All samples were transferred into labeled sterile sample 
bottles with preservative. The low level mercury analysis was sampled separately for dissolved and total.  
Samples were preserved and shipped on ice in coolers to Inter-Mountain Laboratories in Sheridan, 
Wyoming for analysis.  



 
 

Table 2. Water quality parameters 
Parameters Detection Limit Units Method 

General Parameters 
pH 0.1 s.u. EPA 150.1 
Specific Conductance 5 µmhos/cm3 SM2510B 
Total Dissolved Solids 10 mg/L SM2540 
Total Suspended Solids 5 mg/L SM2540 
Total Alkalinity as CaCO3 5 mg/L SM2320B 
Hardness, Calcium/Magnesium 
CaCO3 10 mg/L SM 2340B 
Nitrogen Ammonia, N 0.1 mg/L EPA 350.1 
Nitrogen Nitrate, N 0.1 mg/L EPA 300.0 
Nitrogen Nitrite, N 0.1 mg/L EPA 300.0 
Phosphorus, Orthophosphate as P 0.1 mg/L EPA 300.0 
Color 5 C.U. SM 2120B 
Cyanide 0.01 mg/L SM4500 CN1 
Total Organic carbon 1 mg/L SM 5310B 
Turbidity 0.1 NTU SM 2130 

Anions 
Bicarbonate as HCO3 5 mg/L SM 2320 B 
Carbonate as CO3 5 mg/L SM 2320 B 
Chloride 1 mg/L EPA 300.0 
Fluoride 0.1 mg/L SM 4500FC 
Nitrate+Nitrite as N 0.1 mg/L EPA 300.0 
Sulfate 1 mg/L EPA 300.0 

Cations 
Calcium 1 mg/L EPA 200.7 
Magnesium 1 mg/L EPA 200.7 
Potassium 1 mg/L EPA 200.7 
Sodium 1 mg/L EPA 200.7 

Dissolved Metals 
Aluminum 0.02 mg/L EPA 200.7 
Antimony 0.003 mg/L EPA 200.8 
Arsenic 0.005 mg/L EPA 200.8 
Barium 0.1 mg/L EPA 200.8 
Beryllium 0.002 mg/L EPA 200.7 
Boron 0.03 mg/L EPA 200.7 
Cadmium 0.00009 mg/L EPA 200.8 
Chromium 0.01 mg/L EPA 200.7 
Cobalt 0.01 mg/L EPA 200.8 
Copper 0.001 mg/L EPA 200.8 
Iron 0.02 mg/L EPA 200.7 
Lead 0.0003 mg/L EPA 200.8 
Lithium 0.01 mg/L EPA 200.7 
Manganese 0.01 mg/L EPA 200.7 
Mercury 0.000001 mg/L EPA 1631 
Molybdenum 0.01 mg/L EPA 200.8 
Nickel 0.01 mg/L EPA 200.7 
Selenium 0.003 mg/L EPA 200.8 
Silicon 0.1 mg/L EPA 200.7 
Silver 0.0002 mg/L EPA 200.8 
Strontium 0.01 mg/L EPA 200.8 
Thallium 0.001 mg/L EPA 200.8 
Titanium 0.01 mg/L EPA 200.8 
Vanadium 0.01 mg/L EPA 200.8 
Zinc 0.005 mg/L EPA 200.7 

 

 



 

 

Parameters Detection Limit Units Method 
Total Recoverable Metals 

Aluminum 0.02 mg/L EPA 200.7 
Antimony 0.003 mg/L EPA 200.8 
Arsenic 0.005 mg/L EPA 200.8 
Barium 0.1 mg/L EPA 200.8 
Beryllium 0.002 mg/L EPA 200.7 
Boron 0.03 mg/L EPA 200.7 
Cadmium 0.00009 mg/L EPA 200.8 
Chromium 0.01 mg/L EPA 200.7 
Cobalt 0.01 mg/L EPA 200.8 
Copper 0.001 mg/L EPA 200.8 
Iron 0.02 mg/L EPA 200.7 
Lead 0.0003 mg/L EPA 200.8 
Manganese 0.01 mg/L EPA 200.7 
Mercury 0.000001 mg/L EPA 1631 
Molybdenum 0.01 mg/L EPA 200.8 
Nickel 0.01 mg/L EPA 200.7 
Selenium 0.003 mg/L EPA 200.8 
Silicon 0.1 mg/L EPA 200.7 
Silver 0.0002 mg/L EPA 200.8 
Strontium 0.01 mg/L EPA 200.8 
Thallium 0.001 mg/L EPA 200.8 
Titanium 0.01 mg/L EPA 200.8 
Vanadium 0.01 mg/L EPA 200.8 
Zinc 0.005 mg/L EPA 200.7 

 

Results 
Springs sampled had a neutral pH and low conductivity that ranged between 26 and 83 µmhos/cm (Table 
3). Concentrations of total dissolved solids were low with an average of 50 mg/L. Hardness, color and 
total organic carbon was also low for all springs sampled.  

Table 3. General Parameter readings for five springs in the Chuit River Watershed 

Spring pH 
Conductivity 
(µmhos/cm) TDS (mg/L) TSS (mg/L) Hardness (mg/L) Color (C.U.) TOC (mg/L) 

S76 7.4 42 40 ND 10 ND 1 
S27 7.4 57 50 ND 20 ND 1 
S36 7.4 49 50 13 10 ND 2 
S68 6.8 26 40 ND ND 10 7 
S200 7.5 83 70 ND 30 11 4 

ND - not detected at the reporting limit 
 

Major Ion Concentrations 
Major ions detected from analysis of the five springs sampled include calcium, magnesium and sodium as 
cations and bicarbonate, chloride, nitrate + nitrite and sodium are the major anions (Table 4). All other 
major ions were not detected at the reporting limits. Concentrations of calcium and sodium were 



consistently detected in every spring. Bicarbonate (HCO3) was the dominant anion in the springs which 
ranged from 7 to 46 mg/L, and Chloride was the next most abundant anion detected.   

Table 4. Major Ion concentrations (mg/L) detected in five springs sampled in the Chuit River watershed 
Spring Calcium Magnesium Sodium Bicarbonate Chloride Nitrate+ Nitrite Sulfate 
S76 3 1 2 20 ND ND ND 
S27 6 2 2 28 ND 0.6 1 
S36 5 ND 4 28 1 ND 1 
S68 2 ND 2 7 2 ND ND 
S200 8 3 3 46 2 ND ND 

ND - not detected at the reporting limit 
Bicarbonate, Chloride, Nitrate+Nitrite and Sulfate - anions 

 

These characteristics are very similar to the stream water chemistry, which is a calcium bicarbonate type 
(RTi, 2009).  Figure 1 below is a piper plot showing the general water chemistry based on the anion-
cation analysis.  The grouping of the results is consistent with the sample plots for the surface water and 
groundwater samples collected to date.   

 

 

  

Figure 1 Piper Plot of Spring and Seep Samples 

 



 

Total and Dissolved Metals 
Twenty five metals were analyzed for total and dissolved concentrations (Table 2). Metals detected above 
the detection  limit are included in Table 6 below. Silicon and Strontium were consistently detected above 
the detection  limits in each spring sampled. Iron and Manganese were detected in most springs in the 
total and dissolved form, however; aluminum was detected primarily in the total form only (Figure 2). 
Copper and Titanium were detected only once in spring 76 in the total form, and Mercury was detected 
only in Spring 68 at the detection limit.  

 

 

Figure 2. Total recoverable metals concentrations in five springs sampled 

Table 6. Dissolved and Total recoverable metals concentrations (mg/L) detected in Five springs in the Chuit River watershed
Aluminum Copper Iron Manganese Mercury Silicon Strontium Titanium

Spring D/T D/T D/T D/T D/T D/T D/T D/T
S76 ND/0.08 ND/0.002 ND/0.29 ND/0.01 ND/ND 7.4/7.8 0.05/0.05 ND/0.03
S27 ND/0.03 ND/ND ND/0.15 ND/ND ND/ND 8.3/8.5 0.07/0.07 ND/ND
S36 ND/0.19 ND/ND 0.06/0.49 0.01/0.02 ND/ND 7.5/7.8 0.05/0.05 ND/ND
S68 0.11/0.23 ND/ND 0.30/0.61 0.02/0.03 0.000001/0.000001 5.8/5.9 0.02/0.02 ND/ND
S200 ND/0.13 ND/ND 0.17/1.56 0.03/0.06 ND/ND 8.6/9.0 0.06/0.06 ND/ND

D - dissolved
T - total
ND - not detected at the reporting limit
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Figure 3. Dissolved metals concentrations in five springs sampled  

The majority of the metals present in the five springs sampled were also found in the stream water quality 
results for the Chuit River watershed (RTi, 2009). The exceptions are boron, silver, nickel and zinc were 
detected in the streams but not in the springs; and silicon and strontium has not been detected in the 
streams, but was found in the springs (Table 6). Silicon was detected at high concentrations in comparison 
to all other metals sampled (Figure 4). These results may be indicative of solubility of silica in the rock 
formation (Hem, 1985). The water quality in the springs is also very similar to the lake water quality 
collected within the mine boundary, in that they both have consistently higher concentrations of silicon 
and strontium and moderate concentrations of iron with minimal or no detects of copper and mercury. 
However, the springs have lower concentrations of Aluminum when compared to the stream and lake 
water quality analysis.  
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        Figure 4. Silicon concentrations (mg/L) at five springs sampled 
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